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Abstract

Boran breed is the most suitable type of cattle breed for arid and semi-arid re-
gions of Ethiopia due to their adaptive characteristics. Understanding their re-
productive anatomy is important for successful reproductive management and
has many implications for the application of assisted reproductive technology,
and interpretation of physiological changes at different stages of their repro-
ductive cycle. In this study, data of the anatomical structures of the reproduc-
tive organs of 20 Boran heifers were measured and characterized at different
stages of reproduction. The mean (+SE) length (L) of the vagina, cervix, and
body of uterus were 13.17+2.98 cm, 7.19+1.28 cm, and 6.70+1.08cm, respec-
tively. The mean (+SE) length of the right uterine horn and oviduct was 18.47
+2.54 and 18.17 +1.27cm, respectively and that of the left were 18.05+2.73
and 17.45+1.80 cm, respectively. The mean +=SE weight (W) of right and left
ovaries were 2.44+1.51 gm and 2.44+1.51 gm, respectively. The mean +SE
Length x Width x Thickness of the right ovary was 2.10+0.59 x 1.75+0.35 x
0.83+0.36 and that of the left was 1.97+0.41 x 1.58+0.29 x 0.67+0.33 cm. The
mean (SE) weight of the whole reproductive organ (without the vulva) was
301.35+66.34gm. The ovarian size was influenced by the presence of the corpus
luteum(CL) usually larger with its presence.
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Introduction

Boran“Indigenous African cattle with potential” are developed in Eastern Af-
rica, more specifically the Borana plateau in Southern Ethiopia. Boran, are the
most suitable type of breed for arid and semi-arid regions due to their adaptive
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characteristics: tolerance to heat, ticks’ infestation, feed, and water shortage
(Solomon, 2001). The Boran cow has an excellent mothering ability. As with all
zebus, the Boran has good heat tolerance. The sweat glands are more numer-
ous and are larger than those of Bos taurus and the skin surface is increased
by the presence of extra folds (Hailemariam et al., 1998).

Animals with Boran genes have a relatively low maintenance requirement. Bo-
ran sired steers had a higher level of lipoprotein lipase activity in the subcuta-
neous fat depot than animals sired by other breeds (Sprinkle et al., 1998). This
is an indication that animals with Boran genes have low maintenance require-
ments, which enables them to survive the periodic feed shortages that fre-
quently occur during drought in their homelands. The most outstanding char-
acteristic of Boran cattle is that, while having low maintenance requirements,
they are also able to produce efficiently when feeding conditions improve. Evi-
dence from field data from the Borana Plateau has also demonstrated that
young Boran animals can make dramatic recoveries after drought years when
pasture conditions improve (Coppock, 1994).

Reproduction is a vital factor in determining the efficiency of animal produc-
tion. At best, a cow is only likely to produce a single calf per year. The pri-
mary reproductive organ in female animals is the ovary, which performs dual
roles of oogenesis and steroidogenesis by producing ova and ovarian steroids
respectively (Arthur et al., 1989). Other reproductive organs include the ovi-
duct, uterus, and cervix with very important roles in female reproductive ca-
pacity and functioning. The semen deposited into the vagina or cervix during
ejaculation must navigate the cervical folds and travel upward through the
uterine body and the horn to get to the ampulla (Hafeez and Hafeez, 2000).
The ovum shed during ovulation is collected by the fimbriae part of the infun-
dibulum and conveyed in opposite directions to meet the spermatozoa usually
in the isthmic-ampulla region of the oviduct where fertilization occurs and the
formed zygote is transported back to the uterus. The main role of the uterus is
to support an embryo during gestation (Ali et al., 2006). The functions of all the
aforementioned reproductive parts do overlap and sometimes, require stimu-
lation/inhibition by some products of the other segments. Under normal ana-
tomical and physiological conditions, all these parts work in collaboration and
synergistically to achieve maximum reproductive capacity in female animals.

Morphometry deals with the shape, weight, and dimension (length, width, and
thickness) variation of an organ. The knowledge of reproductive organs’ mor-
phometry of female animals (Boran heifers) is crucial and may determine the
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extent to which these organs can perform their physiological roles (Memon,
1996). For instance, the number of cervical rings is related to the length of
the cervix and determines the ‘hurdles’ the sperm has to cross before getting
to the uterus. Animals in the luteal phase have slightly or completely curved
or C-shaped. From our previous experiment on multiple ovulation and embryo
transfer experience, we face difficulty to pass a flushing catheter through the
cervix on the day of embryo collection even though the donor has a good re-
sponse to the technologies. Therefore, for efficient assisted reproductive tech-
nology like artificial insemination (AI), embryo flushing, and embryo transfer
(ET) information on the morphometry of the reproductive organs is important.
The knowledge of such morphometry is also useful for pregnancy diagnosis and
investigating cases of infertility in farm animals (Khaton et al., 2015b). There
are many reports about the morphometric values of the reproductive tracts of
female animals in different countries of the world. However, presently there is
a lack of information concerning the morphometry of the female reproductive
organs in Boran breeds of cattle in Ethiopia. Therefore, the present study was
undertaken to determine the morphometry of the internal reproductive system
of Boran heifers in Ethiopia.

Materials and methods
Sources of the experimental animals

The study was carried out on 20 Boran heifers de-stocked from the Ethiopian
Institute of Agricultural Research (EIAR), in Debre Zeit Agricultural Research
Center (DZARC) Bishoftu. Age was estimated based on dentition as described
earlier by Lawrence et al. (2001). Accordingly, the study animals were 3 - 4
years of age. The body condition score of the animal ranged from 2.5 - 3.5 on
a 1-5 scale (1 poor, 5 fat) and was determined as described by Natumyana et
al. (2008) Heifers were housed and provided with a feed of different mixes: tef
(Eragrostis tef) straw and grass (Andropogon abyssinicus) hay as a basal diet
and supplemented with commercially prepared concentrate, mineral salts, and
alfalfa green fodder. Water was provided ad-libitum. Animals were regularly
dewormed against a common parasitic disease and vaccinated for lumpy skin
disease (LSD), foot and mouth disease (FMD), and other common infections.
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Postmortem collection of reproductive organs

Reproductive organ samples were obtained from heifers de-stocked and slaugh-
tered due to overstocking of the animal resulting in feed and barn shortage at
the DZARC farm. Sampled organs were placed in a plastic bag and transported
to the laboratory. Then as described by Bhajoni et al. (2018), the ovaries were
allocated into two groups: ovary with corpus luteum (CL) and ovary without
corpus luteum (CL). All findings were recorded on a predesigned data register.

Measurement of organs

All measurements length in cm were made using a ruler and Vernier’s caliper
(Mituoyo Stainless Steel) while weight [g] was measured using a sensitive elec-
tric balance (XY600BJ-1301146 Citizen, Delhi)). The whole reproductive organ
was washed with lukewarm water, extra connective tissues were removed, and
the weight of the entire tract (Figure 1) was measured and later on made flat
on a table before separating individual organs. Each organ was individually
measured: Ovaries (length, width, thickness, and weight), oviducts (length),
uterine horns (length and diameter) body of the uterus (length and diameter),
cervix (length, diameter, and ring), and vagina (length).

False tafurcation for each uterine hom

Figure 1. The reproductive system of Boran heifer: (V) =Vagina, (C) =Cervix,
(UB) =Uterine body, (UH) = uterine horn, (OD) =Oviduct, (O) =Ovary

The length of the oviduct was taken from the top of the fimbria to the utero-
tubal junction. The length of the uterine horn was the length from the middle
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of the bifurcation of the uterus to the utero-tubal junction (Figure 2). Diam-
eters of the horn, body, and neck of the uterus were measured across. The
length of the uterine body was measured from its bifurcation to the internal os
of the cervix. The length of the cervix was the distance from the tip of the in-
ternal os to the tip of the external os. The length of the vagina was taken as the
length from the external os of the cervix to the vestibule. Cervical rings/folds
were considered as the number of rings/folds from os-externum to os-internum
(Figure 4).

-.J

ovine_|
Utero-tubal junction

Figure 2. Ovary and oviduct (top), uterine horn and body, and the cervix (bot-
tom) of Boran heifer showing measurement reference points
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The ovaries, right and left were removed at their junction with the ovarian
ligament as close to the ovarian tissue as possible after the weight of the whole
reproductive organ was taken. Excessive tissues attached to the ovaries were
carefully trimmed off and ovaries were weighed separately. The CL was iden-
tified when present and its color was classified (reddish=corpus hemorrhagi-
cum (CH), yellowish or orange =mature (CL), and white= corpus albicans(CA);
figure 3: The length of the ovary was measured from the anterior pole to the
posterior pole along the length. The width of the ovary was measured from the
medial to the lateral borders of the ovary. The thickness was measured at the
thickest part of the ovary (Kouamo et al.,2017).

Figure 3. A) Corpus luteum (CL), B) Corpus hemorrhagicum (CH) and C) Cor-
pus albican (CA) and D) Number of cervical rings (CR)
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External

Figure 4. Number of cervical rings (CR), from os-externum (end of vagina) to
os-internum (beginning of uterus).

Statistical analysis: In a parametric model, the data were presented as mean
+ standard error. All analyses were performed using SPSS (Statistical Package
for Social Sciences) (SPSS 20).

Results

In this study, ovarian morphometry of Boran heifers was evaluated in terms
of length, width, thickness, and weight. Generated data showed that the mean
length, width, thickness, and weight right ovaries of(2.10+0.59 cm, 1.75+0.35
cm, 0.83+0.36 c¢cm, and 2.44+1.51 gm) were not significantly (P<0.05) differed
compared to that of left ovaries (1.97+0.41 cm, 1.58+0.29 cm, 0.67+0.33 cm, and
2.06+0.93 gm, respectively). The mean (=SE) weight of the whole reproductive
organ (without the vulva) was 301.35+66.34gm.

On the other hand, findings in ovarian morphometry revealed that the mean
weight of ovaries with CL 2.95+1.60 was significantly (P<0.05) higher than the
mean weight of ovaries without CL 1.67+0.83.as shown in Table 2.
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Table 1. The mean length, width, thickness, and weight of ovaries in Boran
heifers (Mean + SE)

Organ Measurements Mean (+SE)

Right ovary Length (cm) 2.10+£0.59
Width (cm) 1.75+0.35
Thickness (cm) 0.83+0.36
Weight (gm) 2.44+1.51

Left ovary Length (cm) 1.97+£0.41
Width (cm) 1.58+0.29
Thickness (cm) 0.67+0.33
Weight (gm) 2.06+0.93

Table 2. Comparative dimensions of CL or non-CL bearing ovary (Mean+ SEM).

Measurement [cm] CL bearing ovary (15) Non CL bearing ovary (25)
Width (cm) 1.87+0.35 1.52+0.29
Length (cm) 2.25+0.63 1.86+0.37
Thickness (cm) 0.95+0.36 0.65+0.30
Weight (gm) 2.95+1.60 1.67+0.83
W Ovary bearing CL @ Ovary without CL
35
2,05
3 -
2.5 4 2.25
=
ﬁ 3 86 1.87
= 67 53
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= | 0.95
1 65
0.5 4
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Variables

Figure 5. Morphometry of Boran ovary with and without CL
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Table 3. Comparative dimension of uterine morphometry

Measurement [cm] Follicular phase [mean (+SE)] Luteal phase [mean (+SE)]
Uterine body length 7.0+0.72 7.67+0.91
Uterine body diameter 3.56+0.93 3.7+£0.21
Uterine horn length 17.5+0.57 18.5+0.44

Table 4. The mean length and diameter of the tubular part of the reproductive
tract of Boran heifers

Organ measurements [cm] Mean (+SE)
Length of right oviduct [cm] 18.17 £1.27
Length of the left oviduct[cm] 17.45+1.80
Length of the right uterine horn [cm] 18.47 £2.54
Length of the left uterine horn[cm] 18.05+2.73
Length of the body of uterus [cm] 7.86+1.08
Diameter of the body of uterus [cm] 3.65+0.51
Length of the cervix [cm] 7.19+1.28
Diameter of the cervix [cm] 3.40+0.50
Number of the cervical ring[number] 3.65+0.87
Length of vagina [ecm] 13.17+2.98
Weight of whole organ [gm] 301.35+66.34
Discussion

All reproductive organs, the ovary, oviduct, uterus, and cervix play synergistic
functioning in the reproductive system of females (Siddiqui et al., 2005). The
knowledge of morphometric parameters of these organs may determine the ex-
tent to which they can fulfill and perform their physiological roles towards the
attainment of optimal reproductive capacity in female mammals.

Results obtained in the present study indicated that the average length (cm)
of oviducts, uterine horns, and cervix commissure of Boran heifers were lower
than those reported in another tropical zebu breed however higher in the body
of uterus dimension. Accordingly, Moussa Garba et al. (2013) reported an aver-
age length (cm) of 19.1, 21.6, 8.2, and 18.9 for oviducts, uterine horns, cervix,
and vagina commissure, respectively in Bos indicus breed of cattle. On the other
hand, Riasat et al. (2006) reported an average length (cm) for the uterine horns
and the cervix of 20.23 £0.23 and 6.0 + 0.22, respectively in Zebu cow. Further-
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more, in dairy cows, Khaton et al. (2015 a) reported an average length (cm) for
the oviducts, uterine horns, the body of the uterus, and vagina of 21.03, 25.56,
3.12, and 22.59, respectively for organs of dairy cows in Bangladesh In other
findings reported by Carvalho et al. (2005) in the European breeds; an average
length (cm) of 20.5-23.1, 35.3-39, and 4.1 for the oviducts, uterine horns, and
uterine body, respectively. However, Kouamo et al. (2017), Khaton et al. (2015
a), and Moussa Garba et al.(2013) reported a lower vagina diameter compared
to our finding. This difference could be possibly due to breed (genotype), age,
environment, and management factors. Genotype and environmental factors
play a crucial role in the productive and reproductive performance of cows/heif-
ers (Kouamo et al., 2017). The adaptation of the reproductive function in the
animal’s environment may justify the difference between local and European
breeds (Kouamo et al., 2017). Indeed, the physical development and maturity
of the reproductive tract depend on the age of the animal.

In these findings, the weight and the size (length, width, and thickness) of
ovaries obtained were lower than those obtained by Khaton et al. (2015, b)
reported from the local breed of Bangladesh, and their cross with Holstein
Friesian, and Jersey breed.

Our findings obtained in the present study indicated that the mean weight
of right and left ovaries as well as mean length of right and left ovaries were
lower compared to Raheem et al. (2016) report in Red Bororo cow and White
Fulani cows. However, Kunbhar et al. (2003) reported mean width (cm) of the
right and left ovaries in the Thari cow were 1.33 = 0.08 cm and 1.30 + 0.09 ¢cm
receptively which is lower compared to our study. On the other hand, results
obtained in the present study indicated that morphometric measurements
such as weight, length, width, and thickness were greater in the ovary bearing
CL as compared to the non-CL bearing ovary, which is an incomplete argu-
ment with Bhajoniet al. (2018) findings.

In this study in most animals’ examination of the cervix for an animal in the
luteal phase (a functional CL in either ovary), indicate that their cervix is
slightly or completely curved (C-shaped) which is difficult to path catheters
through the cervix for embryo flushing or embryo transfer. This might impli-
cate due consideration of developing certain procedures and materials that
enable to pass through the cervix during the luteal phase or follow alternative
techniques for further adoption and implementing the technologies.
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Conclusions

From this study, it was concluded that the right ovary was wider in diameter,
larger in length, and heavier in weight as compared to the left one but not sta-
tistically significant. This confirms that the fact of the right ovary being more
active than the left one. On the other hand, ovary-bearing CL was significantly
wider in diameter, larger in length, and heavier in weight as compared to the
non-CL-bearing ovaries.

The difference in the size of the ovaries might be a reason for differences in
ovarian activities potentially having implications for conducting other assisted
reproductive technologies procedures such as ovum pick up (OPU). To the best
of our knowledge, this is the first study to generate and document the mor-
phometric parameters of reproductive organs in the Boran heifer in Ethiopia.
These data for this breed may be useful as baseline data in further study re-
lated to the physiological function of individual structures measured in this
study. Hence, further studies using different categories of age, parity of the
Boran breed, and comparative study with other breeds are suggested to con-
firm the results in this study.
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