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Abstract 25 

Plains vizcacha females are able to ovulate up to 800 oocytes per estrus cycle. However, just 10-26 

12 embryos are implanted and only two of them, those located nearest the cervix, are gestated to 27 

term. Between 26 and 70 days post-coitum, a constitutive resorption occurs from the embryos 28 

located proximal to the ovary, extending progressively toward those distally implanted. Our 29 

previous studies on the dynamics of gestation in L. maximus, led us to hypothesize some kind of 30 

placental and nutritional insufficiency as the basis for the resorption process. We analyzed 31 

histology and arterial architecture of the reproductive tract in pregnant and non-pregnant 32 

females. Uterine horns are irrigated through the uterine artery, a branch of the internal iliac 33 

artery, in an ascending way from the cervix; segmental arteries irrigating the embryo vesicles 34 

become thinner as they approach the ovary. Contrast solution administered during angiographies 35 

accumulated in the placenta of embryos closest to cervix. Thus, blood stream favors the 36 

embryos nearest the cervix, indicating a gradual nutritional deficiency of those closest to the 37 

ovary. Besides, placenta becomes calcified early, at mid-gestation, during the resorption 38 

process. Finally, the detection of specialized endothelial venules and inflammatory cells suggest 39 

the concurrent participation of immunological processes in embryo vesicles undergoing 40 

resorption. 41 

 42 

Keywords: Vizcacha, Uterine circulation, Embryo resorption, Placenta calcification, Nutritional 43 

deficiency, Pseudoseptum.  44 
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Introduction 45 

The South American plains vizcacha, Lagostomus maximus, is a hystricomorph rodent 46 

distributed from the Pampas of Argentina to the southern areas of Bolivia and Paraguay [1-4]. 47 

Females display several unusual reproductive traits, including the highest ovulation rate 48 

recorded among mammals and a process of selective embryonic resorption that occurs during 49 

the first half of a 155-day long gestation [5]. Although ovulation can reach up to 800 oocytes at 50 

each estrus cycle, a small proportion of eggs are fertilized and a few 8 to 12 embryos are 51 

successfully implanted, distributed in each uterine horn, following an 18-day long 52 

preimplantation period [6]. Soon after implantation, between 26 and 70 days post-coitum (dpc), 53 

resorption takes place from the embryos located proximal to the ovary extending progressively 54 

toward those distally implanted [7]. At the end of the resorption process, only the embryos 55 

implanted nearest the cervix are still surviving and develop to term [6]. This process of partial 56 

embryonic resorption that results in the delivery of only two pups occurs in each pregnancy as a 57 

constitutive event that characterizes the species. Once resorption has been completed, from 58 

70dpc onwards an ovulation-like event occurs, promoted by the activation of the hypothalamic-59 

hypophyseal-gonadal axis, following a decrease in circulating progesterone [8]. As a result, a 60 

considerable number of accessory corpora lutea are added [9]. We have previously hypothesized 61 

that the addition of newly developed corpora lutea at mid-gestation could help to recover 62 

progesterone levels and rescue the only two surviving, distally implanted fetuses that escaped 63 

resorption [9]. In support, we showed that the decrease of progesterone level from mid-gestation 64 

enables follicular recruitment until pre-ovulatory stage and the development of functional 65 

accessory corpora lutea which help to recover progressively the level of progesterone [10]. 66 

Furthermore, the decrease in progesterone level at mid-gestation was suspected to arise from 67 

some kind of placental insufficiency [9].  68 

Considering the constitutive and selective nature of embryonic resorption in L. maximus, we 69 

focused on nutritional deficiency and uterine and placental alterations as possible causes of 70 

embryo loss. Regarding a possible nutritional deficiency; we analyzed the arterial architecture 71 

and blood supply of the reproductive tract, with special emphasis in pregnant females. We also 72 

investigated the anatomy and histology of the uterine horns throughout the reproductive cycle 73 

and the general histology of the placenta in order to find clues that might help to explain or 74 

understand the resorption process. 75 

 76 

Materials and methods 77 

Ethics 78 
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All experimental protocols concerning animals were conducted in accordance with the guide for 79 

the care and use of laboratory animals published by the National Research Council [11], and 80 

were reviewed and approved by the Institutional Committee of Use and Care of Laboratory 81 

Animals (CICUAL; Res. 2014/5) from Facultad de Ciencias Veterinarias, Universidad de 82 

Buenos Aires, and the Institutional Committee on Use and Care of Experimental Animals 83 

(CICUAE) from Universidad Maimónides, Argentina. Appropriate procedures were performed 84 

to minimize the number of animals used. Capture, handling and transportation of animals were 85 

approved by Buenos Aires Province Government Authority, Dirección de Flora y Fauna, 86 

Ministerio de Agroindustria. 87 

Animals 88 

Adult female plains vizcachas (n=70) -2.5 to 3.0kg body weight; 2-2.5 years old determined by 89 

the dry crystalline lens weight according to Jackson [12]- were captured from a resident natural 90 

population at the Estación de Cría de Animales Silvestres (ECAS), Villa Elisa, Buenos Aires 91 

Province, Argentina, using live-traps located at the entrance of burrows. In order to obtain 92 

females at different reproductive stages, captures were planned according to the natural 93 

reproductive cycle which extends from February to August as described by Llanos & Crespo 94 

[1], and our own field expertise [8-10; 13-18]. Non-gestating adult females (n=17) were 95 

captured in early February, when reproductive season starts. Early-pregnant females (n=16) 96 

were captured in April, mid-pregnant females (n=16) in July and late-pregnant females (n=14) 97 

in August. Gestational age was estimated on the basis of the capture time and fetal development, 98 

according to Leopardo et al. [14]. Post-partum, lactating adult females (n=7) were captured 99 

from August to September. Pre-pubertal females (n=5), born in captivity in August, were kept 100 

with their mothers for 30 days until weaning before used.  101 

Angiography of the reproductive tract of the female vizcacha 102 

To determine the blood supply of the reproductive tract, non-pregnant (n=6), early-pregnant 103 

(n=4) and mid-pregnant (n=4) females were anesthetized by intramuscular injection of 10mg/kg 104 

body weight ketamine chlorydrate (Holliday Scott S.A., Buenos Aires, Argentina) and 1mg/kg 105 

body weight xylazine chlorhydrate (Richmond Laboratories, Buenos Aires, Argentina). To 106 

prevent arterial thromboembolism, animals were administered an intramuscular injection of 107 

400-600IU/kg of heparin. After shaving the abdomen, females were positioned lying on their 108 

backs (supine position) on a digital mobile C-arm X-ray system with fluoroscopy and an image 109 

enhancer (Toshiba, 125kv and 500mA) and the abdominal cavities were exposed. A contrast 110 

solution (Triyosom®, amidotrizoic acid, Berlimed, Madrid, Spain) was injected at 3 different 111 

sites into the abdominal aorta; upper descending aorta, at the level of renal artery branch and 112 
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1cm above the iliac arteries branches (Fig. 1). Images were taken as print captures at different 113 

moments during the angiographic procedure.  114 

Vascular casting of the reproductive tract of the female vizcacha with latex 115 

After the angiographies, females were sacrificed by trained veterinary staff with an intracardiac 116 

injection of 0.5 ml/kg body weight of Euthanyl (0.5ml/kg body weight, sodium pentobarbital, 117 

sodium diphenylhydantoin, Brouwer S. A., Buenos Aires, Argentina). Four animals at term-118 

pregnancy were incorporated to the study at this point. Vascular lavage was performed by the 119 

intraventricular administration of 150ml of physiological solution. Vascular casting was 120 

performed according to Rezende et al . [19]. Briefly, 40ml of red latex were injected through the 121 

abdominal aorta, 1cm above the iliac branches, to shape the vascular architecture of the female 122 

reproductive tract (Fig. 1). Corpses were rested for 2h at room temperature and then fixed in 123 

10% formaldehyde for 48h. Chemical tissue digestion was performed by incubating the bodies 124 

with 50% sodium hypochlorite solution for 24h. Mechanical digestion was performed to remove 125 

the remaining tissue. Representative images were taken using a stereoscopic microscope (Nikon 126 

C-DSD230, Tokyo, Japan), fitted with a digital camera (390CU 3.2 Megapixel CCD Camera, 127 

Micrometrics, Spain) and the image software Micrometrics SE P4 (Standard Edition Premium 4, 128 

Micrometrics, Spain). 129 

Tissue samples 130 

Non-pregnant (n=11), early-pregnant (n=12), mid-pregnant (n=12), late-pregnant (n=10), 131 

lactating adult females (n=7) and pre-pubertal females (n=5) were anesthetized and sacrificed as 132 

described above. Uterine horns were immediately removed and processed for optical or electron 133 

microscopy (see below). The uterine horns of pregnant females were exposed and the fetuses 134 

were immediately removed with their placentas and fixed for further analysis.  135 

Optical microscopy 136 

Tissue samples (n=52) were fixed in 10% formaldehyde for 24h, dehydrated through a graded 137 

series of ethanol (70, 96 and 100%) and embedded in paraffin. Samples were entirely cut in 138 

5µm-thick serial sections and mounted onto cleaned coated slides. Sections were dewaxed in 139 

xylene and rehydrated through a decreasing series of ethanol. Selected sections of each 140 

specimen were used for classical hematoxylin and eosin (H&E) and Masson's trichrome stain 141 

for general description. Horns of lactating females (n=7) were stained with Prussian blue, and 142 

mid- (n=12) and late-gestating placentas (n=10) with Von Kossa staining for specific 143 

description. Representative images were captured with an optic microscope (BX40, Olympus 144 

Optical Corporation, Tokyo, Japan), fitted with a digital camera (390CU 3.2 Megapixel CCD 145 
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Camera, Micrometrics, Spain, and the image software Micrometrics SE P4 (Standard Edition 146 

Premium 4, Micrometrics, Spain). 147 

Transmission electron microscopy 148 

Oviduct samples from non-pregnant adult females (n=5) were initially fixed in 3% 149 

glutaraldehyde in 0.1M phosphate buffer (PBS) for 24h and then transferred to fresh PBS for 150 

48h. A second round of fixation was performed with 1% OsO4 for 60min at 0ºC. Samples were 151 

washed twice with distilled water for 15min. A final round of fixation was performed incubating 152 

samples overnight with 5% uranyl acetate followed by two 15-min washings with distilled 153 

water. Samples were then dehydrated through a graded series of ethanol followed by two 10-154 

min immersions in acetone. Samples were embedded in Durcupan resin and polymerized at 155 

60ºC for 72h. Ultrathin sections (50nm thick) were cut by an ultramicrotome (Reichert Jung 156 

Ultracut E, Wien, Austria). Finally, sections were mounted on copper grids and counterstained 157 

with 5% uranyl acetate and 2.5% lead citrate. Representative images were captured with a Zeiss 158 

EM 109T transmission electron microscope (Zeiss, Oberkochen, Germany).  159 

Analysis of placental apoptosis by TUNEL assay  160 

Apoptosis-associated DNA fragmentation was detected in mid- (n=5) and late-pregnant (n=5) 161 

placenta by the TUNEL technique [20] using the in situ Cell Death Detection Kit (Roche 162 

Diagnostics, Roche Applied Science), as previously described in vizcacha [9, 13-15]. Mounted 163 

sections were dewaxed in xylene, rehydrated through a decreasing series of ethanol (100, 96, 80, 164 

70 and 50%) and PBS, and permeabilized with 20 μg/ml nuclease-free proteinase K in10 mM 165 

Tris-HCl (Invitrogen, Life Technologies Corporation) for 20 min at 37 °C. The TUNEL reaction 166 

was carried out following the supplier’s recommendations. The sections were incubated with the 167 

TUNEL reaction mixture (labelling solution plus the terminal transferase enzyme) for 60 min at 168 

37 °C. Sections were mounted with DAPI (Vectashield, Vector laboratories, California, USA) 169 

and coverslipped. A negative control assay was carried out by omitting the terminal transferase 170 

enzyme. Reaction was visualized with a laser microscope (Nikon C1 Plus Inverted Research 171 

Microscope Eclipse Ti, Nikon Corporation., Tokyo, Japan) and fitted with the image software 172 

EZ-C1 (Software v3.9, Nikon Ltd. London, UK). Representative images were taken. 173 

Results 174 

Circulation of the reproductive tract of the female vizcacha 175 

The angiography of non-pregnant adult females showed no evidence of the uterine arteries when 176 

the contrast solution was administered to the abdominal aorta (Fig. 2A) or the renal arteries (not 177 
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shown). However, uterine arteries were visualized when the contrast solution was injected 178 

above the iliac artery bifurcation (Fig. 2B). Each uterine artery showed an ascending trajectory, 179 

with arterial branches, segmental arteries, toward the uterine horn (Fig. 2B). The administration 180 

of the contrast solution to the iliac artery bifurcation in early-pregnant females revealed all the 181 

embryonic vesicles implanted in the uterine horns (Fig. 2C-D). An increment in the blood 182 

vessels caliber was evident at this stage. Regardless of the volume of the contrast solution 183 

administered, the analysis of the perfusion along the entire uterine horn in mid-pregnant females 184 

was not possible since all the contrast solution accumulated in the placental vessels of the first 185 

embryonic vesicle (E1), implanted nearest the cervix (Fig. 2E-F). Hence, the procedure was not 186 

performed in more advanced gestational stages. 187 

The vascular latex cast of the reproductive tract of the female vizcacha displayed a detailed 188 

view of the uterine circulation (Fig. 3). The artery that irrigates each uterine horn is a branch of 189 

the internal iliac arteries originating 1.5 cm after the bifurcation of the abdominal aorta. The 190 

uterine artery is located medially at the iliac crests, dorsal to the bladder and follows an 191 

ascending path through the broad ligament of the uterus (Fig. 3A-B). The uterine artery emits 192 

segmental branches that irrigate the vagina, cervix, uterine horns and pseudosepta (Fig. 3C). In 193 

early pregnant females, segmental branches of the uterine artery displayed a larger caliber at E1, 194 

where the surviving embryo is implanted, compared to the caliber of segmental branches 195 

irrigating the embryonic vesicles that are being resorbed (Fig. 3D-E). Additionally, uterine 196 

horns at mid-pregnancy presented a septum that separated the surviving fetus from the 197 

embryonic resorption remains (Fig. 3F). At the distal end, the uterine arteries anastomose to the 198 

ovarian arteries (Fig. 3G-H). Figure 4 shows a schematic representation of the vascular 199 

circulation of the genital tract. 200 

Macroscopic and histological analysis of the reproductive tract of the female vizcacha 201 

The uterine horns of pre-pubertal females showed three underdeveloped layers: endometrial 202 

(simple cylindrical epithelium and a lamina propria with short tubular glands), muscular 203 

(longitudinal external layer, a badly defined mid layer and a circular inner layer) and serosa 204 

(Fig. 5A). The vagina presented a pseudostratified epithelium with mucous cells (Fig 5B), while 205 

the endometrium showed a cylindrical simple epithelium, with loose stroma and scarce 206 

endometrial glands (Fig 5C).  207 

Macroscopically, the uterine horns of non-pregnant adult females presented muscular 208 

development with a longitudinal banding shape (Fig. 6A). Inside the vagina, the bifurcation of 209 

both uterine horns was determined by a vaginal septum in the anterior region of the organ (Fig. 210 

6B). Female vizcacha lacks a defined cervix. It appears to be continuity between the vagina and 211 
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the uterine horn characterized by a fold of the mucosa and a poor muscular development (Fig. 212 

6B). Longitudinal sections of the horn showed a zigzag pattern of the uterine cavity (Fig. 6C). 213 

No transition between the vaginal and the uterine epithelium was observed. The stratified 214 

epithelium with a superficial layer of mucous cells of the vagina changed abruptly into a simple 215 

cylindrical epithelium in the uterus (Fig. 6D). The vagina presented high endothelium venules 216 

(HEV) with simple cubical epithelium (Fig. 6E). The oviduct cavity showed partitions that 217 

produced separated compartments (Fig. 6F). In the ampulla, peg cells presented nuclei 218 

protrusion and cytoplasm prolongations towards the cavity (Fig. 6G). Transmission electron 219 

microscopy revealed ciliated and secretory cells in the oviduct epithelium (Fig. 6H). The 220 

cytoplasm of the secretory cells presented abundant secretory granules. The secreting product 221 

seems to be released together with part of the apical cytoplasm (Fig. 6I). 222 

Early-pregnant females showed embryonic vesicles (E) of different size and color (Fig. 7A). E1 223 

was the largest vesicle, nearest the cervix, and displayed a whitish color (Fig. 7B) while the 224 

remaining ones were smaller and darker (Fig. 7A). The smaller embryonic vesicles were 225 

necrotic and appeared as a hooked-sphere (Fig. 7C-D) due to the presence of pseudosepta 226 

between the embryos, with a small gap that communicates adjacent vesicles (Fig. 7E). 227 

Embryonic vesicles proximal to the ovary showed an advanced stage of resorption compared to 228 

those more distally located. E1 (nearest to the cervix) was the only vesicle with normal 229 

embryonic and extraembryonic structures (Fig. 8A-C). On the other hand, the vesicles being 230 

resorbed presented histological alterations in their organization (Fig. 8D). The second 231 

embryonic vesicle (E2) showed embryonic tissue invaded by inflammatory cells and remains of 232 

the yolk sac (Fig. 8E); the third embryonic vesicle (E3) presented only a central focus of 233 

fibrinoid necrotic material (Fig. 8F). The sections of the uterine horn where the necrotic vesicles 234 

were implanted showed prolongations that narrowed the space between vesicles. These 235 

prolongations consisted of connective tissue full of blood vessels (Fig. 8F). The endometrium 236 

presented ripples of the uterine surface in the area where the embryos were resorbed (Fig. 8G-237 

H). Advanced stages of resorption displayed endometrial flaps between necrotic remains (Fig. 238 

8I). 239 

The uterine horns of lactating females showed extravasation of red blood cells in the 240 

endometrium. Multiple focuses of hemorrhage were registered, especially on the 241 

antimesometrial side of the endometrium (Fig. 9A) that developed in hemosiderosis. The 242 

endometrial stroma showed signs of reorganization, poor gland secretion and macrophages 243 

arranged in stipples (Fig. 9B). Iron granules, free or into macrophages were confirmed by 244 

Prussian blue stain (Fig. 9C). 245 

 246 
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Histology of the placenta 247 

At mid-pregnancy, placenta of E1 showed calcium deposits in the basal decidua, and especially 248 

above the subplacenta (Fig. 10A, B). Calcium deposits were confirmed as black dots evidenced 249 

by von Kossa staining (not shown). TUNEL assay confirmed the presence of apoptotic cells in 250 

the subplacenta and in the basal decidua of E1 placenta of mid-pregnant females (Fig. 10C) 251 

whereas in advanced pregnancies apoptotic cells were only detected in the subplacenta (Fig. 252 

10D). No positive apoptotic cells were detected in the labyrinth at any stage analyzed. 253 

 254 

Discussion 255 

The anatomy and histology of the female reproductive tract of the vizcacha is, in general, 256 

comparable to that described for other hystricomorph rodents such as the coypu (Myocastor 257 

coypus) [21], the chinchilla (Chinchilla lanigera) [22], the green acouchi (Myoprocta pratti) 258 

[23] and the agouti (Dasyprocta aguti) [24]. Although our analysis is mostly consistent with 259 

previous descriptions of the female reproductive tract of L. maximus [6,7,17,25,26], a detailed 260 

inspection, especially throughout pregnancy, allowed us to detect novel characters not described 261 

so far, relate them to the circulatory system of the female genital tract and open new avenues for 262 

further investigation of the embryo resorption process that characterizes the species.  263 

Circulation of the female reproductive tract 264 

The uterine artery, arising from the internal iliac artery, irrigates the uterus as described in the 265 

chinchilla [22], the capybara (Hydrochoerus hydrochaeris) [27] and the guinea pig [28]. 266 

Angiographies revealed an ascending uterine circulation from the cervix toward the proximity 267 

of the ovary, with the areas of the uterine horns closest to the cervix being the first ones to be 268 

irrigated. In its ascending way, there is anastomosis of the uterine artery with the ovarian artery 269 

as it occurs in other caviomorph rodents and has also been recently reported in the vizcacha 270 

[29]. 271 

The ascending circulation pattern suggests that embryos implanted nearest the cervix benefit 272 

from receiving oxygen-, nutrient- and hormone-rich blood. In contrast, embryos implanted 273 

closer to the ovary, that will be resorbed, are irrigated by segmental branches born at more distal 274 

positions from the uterine artery. Moreover, the caliber of segmental branch arteries irrigating 275 

the embryos implanted nearest the cervix is wider than those irrigating embryos implanted more 276 

distally to the cervix. Angiographies performed in mid-pregnant females revealed that contrast 277 

solution accumulated in the placenta of embryos closest to cervix, despite the dose of contrast 278 

solution administered, indicating that those embryos are benefited with the greatest amount of 279 

the blood stream. The number and thickness of blood vessels also varied among the different 280 
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reproductive stages suggesting that steroid hormones play a central role in the vascular 281 

organization of the genital tract as reported in other studies [27, 30].  282 

General organization and novel histological traits of the reproductive tract 283 

Female vizcachas lack a defined cervix as described in the accouchi [23]. The transition 284 

between the vagina and the uterine horns is characterized by mucosa folding and a poor muscle 285 

development. The finding of high endothelial venules (HEV) in the vagina represents a novelty 286 

for the species. HEV are characteristic of lymphoid tissues and its presence in the reproductive 287 

tract is unusual [31]. HEV can develop from a normal epithelium at sites of chronic 288 

inflammatory processes facilitating the access of specific T cells [31]. The detection of this 289 

specialized endothelium suggests a possible relationship with the process of embryonic 290 

resorption enabling a direct access for lymphocytes, which deserves further investigation.  291 

The oviduct and the uterine horns showed differentiated compartments. In the oviduct, the 292 

presence of trabecular structures created separate units of the lumen, comparable to those 293 

described in the mare [32]. These oviduct compartments, although not yet proved, have been 294 

associated to sperm storage [33]. In the ampullae, the epithelium showed cellular protrusions 295 

with detachment of cytoplasmic fragments and cellular loss as also described in the mare [32, 296 

34]. It is not known, however, if this represents a physiological renewal of the epithelium, an 297 

apoptotic process or an apocrine secretion process as suggested by Steffl et al. [34]. Despite the 298 

function remains to be determined, the presence of those cells in the oviduct epithelium of the 299 

vizcacha is a constitutive character. 300 

We have previously reported, by means of endoscopic inspection, incomplete partitions around 301 

the embryonic vesicles in the uterine horns of early pregnant females [17]. Histological analysis 302 

revealed that they are originated by transverse folds of the endometrial layer that grow toward 303 

the center, producing a partial obstruction of the uterine lumen. The growth of the endometrial 304 

mucosa constitutes a physical barrier between contiguous embryos that could contribute to the 305 

formation of differential environments. These changes of the endometrial mucosa could be 306 

related to the hormonal changes that take place throughout pregnancy. Although the 307 

communication between adjacent embryos is minimal, the separation between them is not 308 

complete, leaving a small opening in the center. This was revealed by the presence of remains of 309 

the resorbed embryos, probably generated by the protrusion of tissue through the center of the 310 

pseudoseptum. The separation of each embryonic vesicle could contribute to prevent that 311 

apoptotic and necrotic processes suffered in the embryonic vesicles implanted nearest the ovary 312 

spread to the embryos closest to the cervix, which are the only ones that will be gestated to term. 313 
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The embryonic vesicles located nearest the ovary showed signs of death and resorption earlier 314 

than those more distal to the ovary. Histological analysis allowed us to confirm that while the 315 

embryo implanted closest to cervix appeared healthy, the next one showed inflammatory cells in 316 

the yolk sac remains and the subsequent one showed an advanced process of embryonic 317 

resorption. More advanced stages of embryo resorption revealed hemorrhagic zones, fibrinoid 318 

and necrotic material, and inflammatory cells within the vesicles. All these characteristics 319 

clearly indicate that, concurrently with a diminished blood supply, immunological processes are 320 

involved in embryo resorption and deserve a further detailed analysis.  321 

The functionality of the placenta 322 

Optimal fetal growth depends on an efficient placental function. In fact, intrauterine embryonic 323 

growth restriction, fetal undernourishment and death may be related to placental insufficiency 324 

[35]. Unlike other mammals, including humans, where calcification of the placenta is a 325 

physiological event related to its aging and occurs at the end of pregnancy [36], placenta 326 

calcification in the vizcacha occurred early, from mid-gestation. Although placenta calcification 327 

is an indicator of loss of functionality, it does not seem to interfere with normal fetal 328 

development, since the most of the growth of the fetus that is gestated to term takes place in the 329 

presence of a calcified placenta. Early calcification of the placenta reinforces our previous 330 

hypothesis that the addition of secondary corpora lutea at mid-gestation helps to recover the 331 

decline of placental progesterone [9, 10]. 332 

The subplacenta is a structure with much more folding on the maternal side of the placenta. We 333 

showed here that the subplacenta from mid- and term-pregnant vizcachas undergoes apoptosis. 334 

Other studies have shown coincident observations in other hystricomorph rodents, in which part 335 

of the placenta loses connective tissue from mid-gestation, becomes more compact and 336 

produces degenerative changes [37, 38]. Likewise, we detected apoptosis in the basal decidua in 337 

early mid-pregnancy where the mineral deposits causing calcification were later localized. 338 

Apoptosis is a normal physiological process throughout pregnancy necessary to maintain 339 

immunosuppression in the pregnant uterus, protecting the fetus [39]. Apoptosis in the placenta 340 

of the fetuses that are gestated to term seems to be appropriately regulated since an alteration in 341 

this process would interfere with gestation and this was not evident. However, deregulation of 342 

the apoptotic process in anterior-implanted embryos needs a further examination in order to 343 

determine whether it directly influences or it is a by-product of the resorption process. 344 

Conclusions 345 

The analysis of arterial architecture and blood supply of the female genital tract in L. maximus 346 

provided evidence that blood stream, in the ascending circulation of the uterine horns through 347 
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the uterine artery, favors embryos implanted closest to the cervix. Therefore, a gradual 348 

nutritional deficiency is suspected in embryos as they implant closer to the ovary. Nutritional 349 

deficiency together with early calcification of the placenta suggests a role of both events in the 350 

embryo resorption process.  351 

The presence of pseudosepta between the embryonic vesicles during pregnancy creates almost 352 

closed compartments that isolate the embryos from each other allowing the course of resorption 353 

in an almost independent way between them. 354 

The presence of specialized endothelial venules and the detection of inflammatory cells in 355 

embryo vesicles undergoing resorption strongly suggest the participation of immunological 356 

processes during gestation that will require a detailed examination.  357 
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Figure 1. Anatomical sites of contrast solution administration for angiography or latex 495 

administration for vascular casting of the reproductive tract of female vizcacha. Contrast 496 

solution was administrated in the abdominal aorta (A), the renal artery (B) or 1cm above the 497 

iliac artery bifurcation (C). Point C was also selected for the administration of latex for vascular 498 

casting. 499 

Figure 2. Angiographies of the reproductive tract of female vizcacha at different 500 

reproductive stages. (A) Renal arteries visualized by administration of the contrast solution at 501 

the level of the abdominal aorta in a non-pregnant female. No evidence of the uterine circulation 502 

was observed. (B) Visualization of the uterine artery, and segmental arteries, by administration 503 

of the contrast solution 1cm above de iliac artery bifurcation; non-pregnant female. Blood 504 

circulation ascends from the vagina to the ovary. (C) Early-pregnant female showing bifurcation 505 

of abdominal aorta into iliac arteries and branching of the uterine artery. (D) Early-pregnant 506 

female showing the bifurcation of iliac arteries. (E) Placental circulation and uterine vasculature 507 

of the embryo implanted nearest the cervix at mid-pregnancy. (F) Placenta of the embryo 508 

implanted nearest the cervix absorbing all the contrast solution administered. R, right; L, left; E, 509 

embryonic vesicles; E1, embryo nearest the cervix. 510 

Figure 3. Vascular casting of the reproductive tract of the female vizcacha. (A) General 511 

view of circulation of the reproductive tract by red latex casting in a non-pregnant female. (B) 512 

The uterine artery branches from the internal iliac artery and turns down the ureter to irrigate the 513 

uterine horn. (C) The uterine artery emits branches that irrigate the cervix and the uterine horn. 514 

(D) Circulation of the embryonic vesicle closest to the cervix in early-pregnancy. (E) Vascular 515 

remodeling in the uterine horn after embryonic resorption. The circulation of the uterine horn 516 

section proximal to the ovary was significantly reduced (arrow). (F) Embryo closest to the 517 

cervix, wrapped by extraembryonic membranes, separated by a septum from the rest of the 518 

embryonic resorption remains (arrow), at mid-pregnancy. (G) The ovarian artery emits branches 519 

to irrigate the ovary. (H) The distal end of the uterine arteries anastomose to the ovarian arteries 520 

(arrow). (1) bladder; (2) vagina; (3) uterine horn; (4) ureter; (5) uterine artery; (6) iliac artery; 521 

(7) segmental arteries; (8) pseudoseptum with circulation; (9) embryo closest to the cervix; (10) 522 

uterine horn with embryonic resorption; (11) fetus with its extraembryonic membranes; (12) 523 

ovary; (13) ovarian artery. Bar:  A, 2cm; B, G and H, 1cm; C-E, 0.5 cm; F, 1.5 cm. 524 

Figure 4. Schematic representation of the vascular circulation of the genital tract of the 525 

female vizcacha. The uterine artery, that irrigates each uterine horn, is a branch of the internal 526 

iliac arteries -a branch of the iliac artery which originates 1.5cm after the bifurcation of the 527 

abdominal aorta-. The uterine artery is located medially at the iliac crests, dorsal to the bladder 528 

and follows an ascending path through the broad ligament of the uterus. This artery emits 529 
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branches that irrigate the vagina, cervix, pseudosepta, uterine horns and oviduct. At the distal 530 

end, the uterine arteries anastomose to the ovarian arteries. E1: embryonic vesicle implanted 531 

nearest the cervix; E2: embryonic vesicle implanted anterior to E1. 532 

 Figure 5. Histology of the uterine horn in pre-pubertal female vizcacha. (A) Cross section 533 

of the uterine horn showing three layers: (1) endometrium, (2) myometrium and (3) 534 

perimetrium. B) Detail of the pseudostratified vaginal epithelium with mucosal cells (arrow). 535 

(C) Simple cylindrical epithelium of the uterine horn (arrow). The apical stroma presents more 536 

cellularity. Bar: A, 50µm; B and C, 20µm. 537 

Figure 6. Reproductive tract of non-pregnant female vizcacha. (A) Macroscopic view of the 538 

genital tract showing longitudinal banding (arrow) of the uterine horn. (B) Longitudinal section 539 

of the vagina and the uterine sector closest to the cervix (arrows). Note the septum in the most 540 

cranial region. (C) Longitudinal section of the uterine horn with zigzag pattern (arrows) (D) 541 

Transition (circle) of the vaginal epithelium to uterine horn epithelium. (E) High epithelium 542 

venule (arrow). (F) Septum (arrow) that divides the oviduct lumen into different compartments. 543 

(G) Presence of peg cells in the ampulla (arrows). (H) Visualization of interspersed secretory 544 

and non-secretory cells by transmission electron microscopy. (I) Exfoliation of secretory cells 545 

from the apical zone of the oviduct toward the lumen. (1) ovary; (2) vagina; (3) vaginal septum; 546 

(4) cranial vagina; (5) vaginal epithelium; (6) uterine epithelium. Bar: A, 1cm; B, 0.25cm; C and 547 

F, 50µm; D and E, 10µm; G, 20µm; H and I, 1µm. 548 

Figure 7. Uterine horn of early-pregnant female vizcacha. (A) Longitudinal section of one 549 

uterine horn of an early-pregnant vizcacha. The embryonic vesicle implanted nearest the cervix 550 

(E1) was the largest, while the rest were darker and smaller. (B) Longitudinal section of E1. (C) 551 

Pseudoseptum between the different embryonic vesicles, with a small aperture (arrow). (D) 552 

Necrotic embryonic vesicles were brownish red and were deformed by the aperture of the 553 

pseudoseptum (arrow). (E) Longitudinal section of a uterine horn where the embryonic vesicles 554 

were removed; the small aperture that communicates the adjacent vesicles (arrows) was 555 

evidenced. E2: second embryonic vesicle implanted from cervix; E3: third embryonic vesicle 556 

implanted from cervix; E4: fourth embryonic vesicle implanted from cervix; E5: fifth 557 

embryonic vesicle implanted from cervix. Bar: A-C and E, 0.5cm; D, 0.2cm. 558 

Figure 8. Histology of the uterine horn of the pregnant female vizcacha. (A) Section of a 559 

recently implanted embryo corresponding to the uterine area closest to the cervix (E1). (B) E1 560 

showing maternal lacunae (1) and yolk sac located in the middle (2). (C) E1 showing an 561 

organized trophoblast. (D) The second embryonic vesicle closest to the cervix (E2) shows 562 

disorganized trophoblast with a large number of fibroblasts. (E) E2 showing inflammatory 563 
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infiltrate and yolk sac remnants (arrow). (F) Pseudoseptum with uterine extensions toward the 564 

lumen, separating E2 and E3 embryo vesicles (arrow). (G-H) Folding of the uterine epithelium 565 

(arrows) and presence of embryonic necrotic remnants (E2 and E3). (I) Uterine flaps (arrow) 566 

that occupy part of the uterine lumen between the remains of the necrotic embryo. Bar:  A-B and 567 

E, 20 µm; C, D and F-I, 50µm. 568 

Figure 9. Reproductive tract of the lactating female vizcacha. (A) Multiple focuses of 569 

hemorrhage of the endometrium (arrow). (B) Presence of siderin-containing macrophages 570 

arranged in stipples (arrows). (C) Free iron granules (arrows).  A-B, hematoxylin and eosin 571 

stain; C, Prussian blue stain. Bar: 20µm. 572 

Figure 10. Calcification and apoptosis in the placenta of the vizcacha. (A, B) Mid-gestation 573 

placenta of the embryonic vesicle implanted closest to the cervix (E1) showed calcium deposits 574 

in the basal decidua. (C) In mid-pregnant vizcachas, apoptotic cells were detected in the 575 

subplacenta and the basal decidua by TUNEL reaction. (D) The term-pregnant placenta showed 576 

apoptotic cells only in the subplacenta. Bar: 50µm. 577 
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Nutritional deficiency and placenta calcification underlie constitutive, selective embryo 

loss in pregnant South American plains vizcacha, Lagostomus maximus (Rodentia, 
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Highlights 

 

� Female vizcacha displays selective, constitutive partial embryo resorption  
� All embryos from both uterine horns are resorbed, except those implanted 

nearest the cervix  
� Placenta becomes calcified early at mid-gestation 
� Embryo vesicles are separated from each other by pesudosepta creating closed, 

isolated enclosures between them 
� Ascending irrigation of the uterine horns favors embryos implanted closest to the 

cervix 
� Nutritional deficiency and dysfunctional placenta seem to be at the basis of the 

resorption process 

 


