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Summary 
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28, No 3, 515524. 

 
Numerous publications devoted to urolithiasis in domestic animals are encountered in the scientific 
literature. Although less frequently, there are reports on urolithiasis occurrence in wild animals, living 
either freely in nature or in captivity. Uroliths may form in the urinary tract both of male and female 
mammals with equal prevalence, yet the clinical disease associated with obstruction or partial ob-
struction of urinary ducts is much more common in male animals. This is the most probable reason 
for the lack of scientific reports of spontaneously excreted uroliths in the literature. An accidental 
finding of four uroliths within a cage facility on the territory of the Stara Zagora Zoo was the incen-
tive for their macroscopic and stereoscopic analysis, as well as powder X-ray diffraction (XRD) anal-
ysis of the phase composition of the samples. The stones were identified as struvite, composed of 
magnesium ammonium phosphate (MgNH4PO4.6H2O). Our hypothesis was that they were excreted 
by a female yak (Bos grunniens) reared in the facility because of their size and some specific biologi-
cal features of yaks. 
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Some mineral solutions precipitate and 
form crystals in urine. These crystals may 
aggregate assuming macroscopic size, 
forming uroliths (calculi or stones). In 
general, uroliths contain organic matrix 

whose proportion varies from 2% tо 10% 
of their chemical composition. The residu-
al 9098% of urolith’s composition com-
prise different minerals depending on its 
type. Urolithiasis can be defined as the 
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formation of sediment anywhere within 
the urinary tract (Ulrich et al., 1996; Tion 
et al., 2015). Uroliths may develop in the 
kidney, the ureter, the urinary bladder or 
the urethra and are respectively termed 
nephroliths, ureteroliths, urocystoliths and 
urethroliths (Brown, 2022). 

The etiology of urolithiasis is multifac-
torial: acid-base balance of the diet, potas-
sium and water intake and early castration 
(Mashwani et al., 2012). Uroliths can 
form in the urinary tract of both male and 
female mammals. Females are less likely 
to be affected due to a urethra that is 
shorter in length and larger in diameter 
compared to the male urethra. Thus, any 
calculi that form may be easily passed. 
Males are more prone to the disease due 
to the presence of a sigmoid flexure of the 
urethra. Bulls castrated at an early age 
lack the testosterone necessary to further 
develop the size of the penis and the di-
ameter of its urethra and are more prone 
to blockages (Onmaz et al., 2012; Arm-
strong, 2023).  

The scientific reports devoted to uro-
lithiasis in domestic animals – cattle, buf-
faloes, horses, sheep, goats, pigs, dogs 
and cats; its treatment, chemical composi-
tion of uroliths and causes of onset are 
numerous (Rao & Unmack, 1973; Parrah 
et al., 2010; Onmaz et al., 2012; Makhdo-
omi & Gazi, 2013; Tion et al., 2015; 
Brown, 2022; Jones, 2022a,b; Valkova et 
al., 2023). Although less frequently, cases 
of urolithiasis in wild and captive animals 
– red deer (Cervus elaphus) (Reynolds, 
1982), brown bear (Ursus arctos) (Hube-
nov et al., 1999), reticulated giraffe (Gira-
fa camelopardalis reticulata) (Wolfe et 
al., 2000), maned wolf (Chrysion brachi-
urus), (de Oliveira Fernandes & Marco-
lino,  2007), Eurasian otters (Lutra lutra), 
Asian small-clawed otters (Aonix cinerea) 
(Bochmann et al., 2017), Siberian chip-

munk (Eutamias sibiricus) (Kohutova & 
Jekl,  2021) are also reported. 

Obstructive and incidental urolithiasis 
cases were evaluated in 5 Asian colobine 
monkey species (21 individuals) that in-
cluded 12 silvery langurs (Trachypithecus 
cristatus), 6 spectacled langurs (Trachypi-
thecus obscurus), one Javan langur (Tra-
chypithecus auratus auratus), one Fran-
çois’ langur (Trachypithecus francoisi), 
and one red-shanked douc langur (Pyga-
thrix nemaeus) from eight zoologic insti-
tutions (Baker et al., 2022). In guinea pigs 
(Cavia porcellus) urolithiasis has been 
reported by Azvedo et al. (2023). Liptov-
szky et al. (2014) were the first to report 
recurrent appearance of urolithiasis in a 
captive group of Tammar wallabies 
(Macropus eugenii). Uroliths are a rare 
finding in amphibians, although Archibald 
et al. (2015) reported such in captive waxy 
monkey frogs (Phyllomedusa sauvagii).  

The literature overview confirmed the 
studies of Osborne et al. (2009) that uro-
lithiasis is encountered in herbivores, car-
nivores, exotic and wild animals. The aim 
of the present study was to investigate the 
structure, chemical composition and the 
origin of the findings. 

Case description 

This report deals with an accidental find-
ing of four uroliths within a cage facility 
on the territory of the Stara Zagora Zoo. 
They differed from all other stones on the 
ground by their shape, color, size and 
hardness. This allowed assuming that they 
were of biological origin and raised our 
interest to investigate the stones in order 
to discover their origin.  

The cage facility covered an area of 
5.5 thousand m2 on a natural terrain and 
housed a mixed population of non-anta-
gonistic mammals and birds – mouflons 
(Ovis musimon), goats (Capra hircus), 
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Karakachan sheep, a female yak (Bos 
grunniens), wild American turkeys (Mele-
agris gallopavo) and ostriches (Struthio 
camelus) (Fig. 1).  

The shape of findings varied from py-
ramidal with rounded borders and tips to 
ovoid. When a stone was broken, its lay-
ered crystal structure was macroscopically 
visible which suggested that the findings 
were uroliths. The uroliths were photo-
graphed with iPhone 10 Designed by Ap-
ple in California, Assembled in China. 
Metric measurements of calculi were per-
formed by means of a digital caliper 
(Neiko 01407A Stanless Steel 6-Inch Dig-
ital Caliper with Extra-Large LCD Screen 
and Instant SAE-Metric Conversion), with 
precision of 0.01 mm (Michaylov & 
Dimitrov, 2010, Mihaylov et al., 2013). 
Weight measurements were performed 
with „Sartorius “– PT 120 electronic bal-
ance with precision of 0.01 g. 

The observations and documentation 
of the internal view of broken uroliths 
were conducted with a stereomicroscope 
МБС–10 (USSR) and digital stereomicro-
scope (Leica S9i 10×23, Microsystems, 
Switzerland), camera TM69 (Leica S9i 
Stereozoom) and analysis software (LAS 
Х 5.1.0, Leica Microsystems, Switzer-
land). 

The phase composition of the samples 
was investigated by powder X-ray diffrac-

tion (XRD) analysis. The powder XRD 
patterns were recorded on a diffractometer 
D8 Advance, Bruker. Filtered Co-K_ ra-
diation was used in the range 2Q 4–80_, 
step 0.02o 2Q, and exposure time per step 
1.5 s. The specialised software Diff-
rac.EVA version 5.2.0.5 was used for 
qualitative and semi-quantitative phase 
composition determination. The stone that 
was found already broken was not investi-
gated. 

The shape of sample 1 (Fig. 2, right) 
was that of an almost regular tetrahedron, 
with wall sizes of 26.7 mm, 27.1 mm and 
27 mm, and height of 27 mm. Its colour 
was off-white and hard as a chalk. The 
shape of sample 2 (Fig. 2, left) was that of 
quadrilateral pyramid with wall sizes of  

 
Fig. 2. Sample 1 (right), sample 2 (left), sam-
ple 3 (in the middle); the broken urolith is in 
front of them. 

 

Fig. 1. View from the mixed animal population, Stara Zagora Zoo. 
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39.8 mm, 35.3 mm, 32.4 mm and 34.1 
mm. Its height was 34.2 mm. The stone 
color was light gray and its hardness – 
identical to that of sample 1. Sample 3 
(Fig. 2, middle) was of the largest size and 
had a shape similar to that of sample 2, 
but due to the more rounded borders, it 
was assumed to be ovoid. The widest part 
of the stone was 43.8 mm, and its height 
was 62.1 mm. The stone color was gray; 
its hardness was similar to the other 2 
uroliths. Struvite calculi in the urinary 
bladder of similar shape were demonstra-
ted by Breshears & Confer (2017) and 
Brown (2022). Parrah et al. (2010) re-
ported three cases in male calves with 
calculi 37 to 59 mm of size and weight 
between 35 and 65 g isolated from the 
urinary bladder lumen. Weight measure-
ments of stones demonstrated respective 
weights of 16.84 g for sample 1 (Fig. 3), 
49.70 g for sample 2 and 110.85 g for 
sample 3 (Fig. 4).  

After the samples were measured and 
weighed, they were partially broken for 
stereomicroscopic examination (Fig. 5, 6 
and 7). Stereomicroscopy of samples sho-
wed the presence of an obvious central 
homogeneous nucleus of spherical shape 
and green-yellowish colour inside sample 
1 (Fig. 5) and sample 2 (Fig. 6). The pe-
riphery had a marked crystal structure. In 

the middle of the periphery of sample 2, 
there was a concentric brown band resem-
bling a tree ring (Fig. 6). Unlike the other 
2 samples, in the centre of sample 3 (Fig. 
7) there were large crystals instead of a 
round nucleus. In the periphery of sample 
3, concentric circles of various tints and 
widths were clearly seen (Fig. 7). Around 
4 out of 5 circles were brown, resembling 
the rings of a tree similarly to sample 2 
(Fig. 6). 

Presuming that uroliths are body prod-
ucts, it may be hypothesised that the con-
centric bands of different colour observed 
in samples 2 and 3 were function of the 
physiological status of the animal and/or 
seasonal changes. Stereomicroscopy of 
samples demonstrated clearly that their 
general structure was compatible to that of 
uroliths. They were made of a matrix of 
biological origin, described by some au-
thors as „nidus“ with subsequent deposi-
tion of inorganic minerals, including mag-
nesium, calcium and phosphorus on it 
(Jones & Miesner, 2009; Lulich et al., 
2010). However, the opinion of Manzoor 
et al. (2019) that the diverse microstruc-
ture of similar and other types of stones 
proves that their formation is complex and 
may be managed by both physiological 
and microenvironmental factors should be 
also taken into consideration.  

  

Fig. 3. Weighing sample 1. Fig. 4. Weighing sample 3. 
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The results from the powder X-ray dif-
fraction analysis (Fig. 8) showed that the 
chemical composition of the periphery 
and the “nucleuswas the same for the three 
samples (Table 1). The analysis deter-
mined that the main constituent of the 
three samples was magnesium ammonium 
phosphate hexahydrate (struvite or 
MgNH4PO4(H2O)6), which is commonly 
encountered in ruminants (Rao & Un-
mack, 1973; Parrah et al., 2010; Onmaz et 
al., 2012; Makhdoomi & Gazi 2013). The 
proportion of MgO in the periphery and 
the “nucleus” of the three samples ranged 
from 16.42% tо 18.56% (Table 1), where-
as that of P2O5  from 22.86% tо 26.27%. 
According to Matsui (2007), excess of Mg 
is one of factors causing urolithiasis in 
cats and cattle and enterolithiasis in hor-
ses, however, the magnesium level in 
practice diets alone is not able to induce 

disease. Urolithiasis in cattle and ente-
rolithiasis in horses develop in combina-
tion with high phosphorus intake. We as-
sumed that the natural sward within the 
facility where the animals graze was one 
of possible factors predisposing to high 
magnesium dietary intake. 

In the scientific literature, numerous 
cases of obstructive urolithiasis have been 
reported (Rao & Unmack, 1973; Rey-
nolds, 1982; Hubenov et al., 1999; Wolfe. 
et al., 2000; de Oliveira Fernandes & 
Marcolino, 2007; Parrah et al., 2010; 
Onmaz et al., 2012; Makhdoomi & Gazi, 
2013; Brown, 2022; Jones, 2022a,b; 
Valkova et al., 2023).  Most of them are 
in male animals, and although females are 
also affected, yet the cases of the disease 
in them are few (Smith et al., 1983; On-
maz et al., 2012). 

  

Fig. 5. Stereoscopy, sample 1. Fig. 6. Stereoscopy, sample 2. 

 Fig. 7. Stereoscopy, sample 3. 
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To the best of our knowledge, no re-
ports about spontaneously excreted uro-
liths were found in available literature, 
most probably because the condition was 
not accompanied with clinical signs. In 
support of this, Onmaz et al. (2012) con-

cluded that the post mortem physical ex-
amination of 1,840 cows without clinical 
abnormalities revealed uroliths in 20 ani-
mals (1.1%). We found it important to 
discover the animal that has excreted 
spontaneously the uroliths found on the 

 

Fig. 8. Powder X-ray diffraction to determine the type of urolith. 

 

Table 1. Chemical composition of  the uroliths (%)  

Sample 1 Sample 2 Sample 3 Composition 
(%) periphery centre periphery centre periphery centre 

Na2O 0.05 0.05 0.04 0.05 0.04 0.16 
MgO 18.56 18.33 18.53 18.50 18.55 16.42 
Al2O3 0.05 0.06 0.03 0.02 0.03 0.58 
SiO2 0.51 0.59 0.35 0.36 0.33 6.26 
P2O5 26.27 25.99 26.02 26.04 25.99 25.02 
K2O 1.25 1.22 1.10 1.18 1.05 1.17 
CaO 0.10 0.08 0.06 0.06 0.06 1.31 
TiO2 0.01 0.01 0.01 0.00 0.00 0.07 
MnO 0.02 0.02 0.02 0.02 0.02 0.02 
Fe2O3 0.09 0.08 0.08 0.06 0.09 0.37 
LOI* 53.09 53.57 53.74 53.70 53.82 50.76 

Total 99.98 99.98 99.98 99.98 99.98 99.96 

*LOI - lost on ignition. 
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ground of the Stara Zagora Zoo. It was 
assumed that because of samples’ size, 
especially that of sample 2 and the ovoid 
sample 3, the stones would hardly pass 
through the long and narrower urethra 
with sigmoid flexure and the urethral pro-
cess of male animals, housed in the facil-
ity – mouflons, bucks and Karakachan 
rams, in line with the opinion of other 
researchers (Smith et al., 1983; Parrah et 
al., 2010; Makhdoomi & Gazi, 2013; 
Jones, 2022a, Armstrong, 2023). 

Our hypothesis was that most proba-
bly, the detected struvites have been ex-
creted by a female large mammal, housed 
in the fenced area. This was substantiated 
by the anatomical features of female ex-
cretory system in ruminants – short ure-
thra without curvatures, which is also 
wider and allows greater broadening than 
the male urethra, whose enlargement is 
limited by the penile body. The large size 
of sample 2: width – 39.8 mm; length – 
34.1 mm and sample 3: width – 43.8 mm; 
length – 62.1 mm allowed presuming that 
female animals the size of a mouflon, goat 
or Karakachan sheep could not excrete 
these stones, so we supposed that they 
were excreted by the female yak (Bos 
grunniens) from the zoo collection be-
cause of its larger body weight compared 
to the other animals housed within the 
cage facility. 

Houston et al. (2004) reported a stru-
vite stone occupying bladder weighing 0.6 
kg, length 125 mm and width 75 mm in an 
adult sterilized female Border Collie 
cross, removed by operative intervention.  

The domesticated yak (Bos grunniens) 
is not a species, specific for Bulgarian 
fauna. Some representatives are found in 
the collections of several national zoos – 
in Stara Zagora, Lovech and Sofia. After 
the attempt for introduction during the 
1980s, a total of 164 yaks imported from 

Mongolia have been introduced and reset-
tled at different locations. At present, the 
only place at the Balkan Peninsula where 
2530 yaks live in the wild at an altitude 
of <1800 m, is the Vitinya State Hunting 
Preserve, Bulgaria (Vasilkovski, 2023). 
The yak (Bos grunniens), an indigenous 
herbivore raised at altitudes between 3 
000 and 5 000 m above sea level across 
the Asian highlands, is the main livestock 
grazing on the highlands, particularly the 
vast rangelands of the QTP (the Qinghai-
Tibetian Plateau) and regions around the 
Himalayan Mountain range. The yaks 
have developed adaptation strategies in-
cluding genetic, morphological, physio-
logical, metabolic, etc. features distin-
guishing them from cattle by reason of the 
harsh life at a high altitude (Leslie & 
Schaller, 2009, Ayalew et al., 2021, Jing 
et al., 2022). These features include the 
long coat, 14 thoracic vertebrae, a shorter 
tongue, mobile lips to graze short grasses 
like sheep, etc.  In relation with the adap-
tation strategies of yaks, some authors 
(Leslie & Schaller, 2009, Ayalew et al., 
2021, Jing et al., 2022) reported that in 
the natural environment they assimilated 
and retained nitrogen to a greater extent 
than native cattle having a lower urinary 
nitrogen excretion rate (a possible mecha-
nism of adaptation to insufficient food 
supply) and a more efficient utilisation of 
nitrogen, which is at least partly due to the 
greater rumen production of microbial 
protein. 

This led us to the conclusion that the 
unnatural environment at a low altitude of 
196 m, at which the Stara Zagora Zoo is 
located, with four seasons instead of two 
(one of which the long and nutrient-
deficient winter), available grass for graz-
ing in the facility with regular provision of 
protein-rich feed – alfalfa hay, wheat, 
barley, fruits and vegetables, and the yaks’ 
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“nitrogen-sparing” strategy (Leslie & 
Schaller, 2009; Ayalew et al., 2021; Jing 
et al., 2022) are predisposing factors for 
the formation of struvites by the female 
yak in the Stara Zagora Zoo, most likely 
excreted from the animal and found in the 
facility. When a mammal consumes a rela-
tive excess of digestible protein, the ab-
sorbed amino acids are degraded and the 
amino group are removed as urea through 
the kidneys. Urea is easily converted to 
ammonia, one of the building blocks of 
struvite. This confirms the research results 
of Jones & Miesner (2009) that struvites 
can often be observed in animals fed a 
high-cereal ration, similar to the diet of 
the female yak in Stara Zagora Zoo.  

CONCLUSION 

It was assumed that the struvite uroliths in 
the female yak (Bos grunniens) kept in the 
Stara Zagora Zoo were formed for several 
reasons. First of all, the animal was kept at 
a much lower altitude compared to its 
natural habitat, where food resources are 
scarce. Second, the almost year-round 
presence of green grass for grazing in the 
facility suggests an increased dietary in-
take of magnesium. Third, the "nitrogen-
saving" strategy of yaks in this case turned 
out to be unnecessary, since food for the 
animals at the zoo was provided without 
limitation year-round which perhaps was 
another reason for the formation of stru-
vites. Last, another prerequisite for the 
formation of struvites is the high content 
of cereal crops in the diet of the female 
yak in the zoo.  

On the basis of these conclusions, we 
recommend adjustment of the nutrition 
regimes of yaks (Bos grunniens) reared in 
zoos and elsewhere in unnatural environ-
ments, considering their biological, mor-
phological and physiological characteris-

tics and one of their high-altitude survival 
strategies e.g. the “nitrogen-sparing” stra-
tegy. 

REFERENCES 

Ayalew, W., M. Chu, C. Liang, X. Wu & P. 
Yan, 2021. Adaptation mechanisms of yak 
(Bos Grunniens) to high-altitude environ-
mental stress, Animals, 11, 2344. 

Archibald, K. E., L. J. Minter, D. S. Dom-
browski, J. L. O’Brien & G. A. Lewbart, 
2015. Cystic urolithiasis in captive waxy 
monkey frogs (Phyllomedusa sauvagii). 
Journal of Zoo and Wildlife Medicine, 46, 
105112. 

Armstrong, P. M., 2023. Urolithiasis: Review 
and case description of a Wagyu feeder 
steer with struvite crystalluria and urolithi-
asis treated with calcium boluses. The Bo-
vine Practitioner, 57, 41–48. 

Azvedo, S., B.O’Malley, C. Greene,  H. Moran, 
T.Magalhaes & F. Queiroga, 2023. Lower 
urinary tract diseases in guinea pigs: A 14-
year retrospective study (2004–2018). Ani-
mals, 13, 112. 

Baker, K. C., T. A. Georoff , D. M. Ialeggio, J. 
Trupkiewicz, J. Hopper & M. Sutherland-
Smith, 2022. Retrospective review of uro-
lithiasis-related morbidity and mortality in 
asian colobine monkeys. Journal of Zoo 
and Wildlife Medicine, 53, 1–10. 

Bochmann, M., S. Steinlechner, A. Hesse, H.  
Dietz & H. Weber, 2017, Urolithiasis in 
free-ranging and captive otters (Lutra lutra 
and Aonix cinerea) in Europe. Journal of 
Zoo and Wildlife Medicine, 48, 725–731. 

Breshears, M. A. & A. W. Confer, 2017. The 
urinary system. In: Pathologic Basis of 
Veterinary Disease, 6th edn, ed J. F. Zach-
ary, Elsevier, St. Louis, pp. 617–681. 

Brown, S. A., 2022, Urolithiasis in small ani-
mals, In: MSD MANUAL, Veterinary 
Manual, Oklahoma State University 
https://www.msdvetmanual.com/urinary-
system/noninfectious-diseases-of-the-
urinary-system-in-small-animals/urolithi-



R. Mihaylov, V. Gerzilov, D. Kanakov, Zh. Zheleva & B. Mihaylov  

BJVM, 28, No 3 523 

asis-in-small-animals (22 October 2024 
date last accessed). 

de Oliveira Fernandes, L. T. & Marcolino, M. 
G. M., 2007, Urolithiasis in the maned 
wolf (Chrysocyon brachyurus): Assess-
ment of four clinical cases in captivity. 
Brazilian Journal of Veterinary Research 
and Animal Science, 44, 352–357. 

Jing, X., L. Ding, J. Zhou, X. Huang, A. De-
gen, & R. Long, 2022. The adaptive 
strategies of yaks to live in the Asian high-
lands. Animal Nutrition, 9, 249–258. 

Jones, M. L. & M. D. Miesner, 2009. Uroli-
thiasis. In: Current Veterinary Therapy: 
Food Animal Practice, 5th edn, eds D. E. 
Anderson & D. M. Rings, Saunders El-
sevier, St. Louis, MO, pp. 322–325. 

Jones, M., 2022a. Urolithiasis in ruminants. 
In: MERCK MANUAL, Veterinary Man-
ual, Oklahoma State University, https:// 
www.msdvetmanual.com/urinary-sys-
tem/noninfectious-diseases-of-the-urinary-
system-in-large-animals/urolithiasis-in-
ruminants (22 October 2024 date last ac-
cessed). 

Jones, M., 2022b. Urolithiasis in horses. In: 
MERCK MANUAL, Veterinary Manual, 
Oklahoma State University, https://www. 
merckvetmanual.com/urinary-system/ non-
infectious-diseases-of-the-urinary-system-
in-large-animals/urolithiasis-in-horses (22 
October 2024 date last accessed). 

Houston, D. M., A. E. Moore, M. G. Farvin & 
B. Hoff, 2004, Canine urolithiasis: A look 
at over 16 000 urolith submissions to the 
Canadian Veterinary Urolith Centre from 
February 1998 to April 2003., The Cana-
dian Veterinary Journal, 45, 225–230. 

Hubenov, H., D. Dinev, N. Zlateva, N. Go-
ranov, D. Bakalov & Ts. Filipova, 1999. A 
case of urolithiasis in a captive brown 
bear. Veterinarski Arhiv, 69, 161–165. 

Kohutova, S. & V. Jekl, 2021. Urolithiasis in a 
captive Siberian chipmumk (Eutamias si-
biricus). Journal of Veterinary Medical 
Sciences, 83, 1604–1607. 

Leslie, D. M. Jr. & G. B. Schaller, 2009. Bos 
grunniens and Bos mutus (Artiodactyla: 
Bovidae), Mammalian Species, 836, 1–17. 

Liptovszky, M., E. Sos, B. Bende, E. Perge & 
V. Molnar, 2014. Urolithiasis in a captive 
group of Tammar wallabies (Macropus 
eugenii). Zoo Biology, 33, 455–458. 

Lulich, J. P., C. A. Osborne & H. Albasan, 
2010. Canine and feline urolithiasis: Diag-
nosis, treatment, and prevention. In: Ne-
phrology and Urology of Small Animals, 
Wiley, pp. 687–706. 

Mashwani, Z. R., M. A. Khan, A. Mushtaq, M. 
Zafar, N. I. Raja, M. Arshad & Samiullah, 
2012. Macro-mineral quantification of the 
forage grass species in the Gandgar hills, 
western Himalaya, Pakistan. Pakistan 
Journal of Botany, 44, 117–121.  

Makhdoomi, D. M. & M. A. Gazi, 2013. Ob-
structive urolithiasis in ruminants – A re-
view. Veterinary World, 6, 233–238. 

Manzoor, M. A. P., A. K. Agrawal, B. Singh, 
M. Mujeeburahiman & P.-D. Rekha, 2019. 
Morphological characteristics and micro-
structure of kidney stones using synchrotron 
radiation μCT reveal the mechanism of crys-
tal growth and aggregation in mixed stones. 
PLoS One, 14, e0214003. 

Matsui, T., 2007. Significance of magnesium 
in animals. In: New Perspectives in Mag-
nesium Research, eds Y. Nishizawa, H. 
Morii & J. Durlach, Springer-Verlag, Lon-
don Ltd. 

Mihaylov, R. & R. Dimitrov. 2010. Volume 
and sizes of the cranial cavity in some an-
imals from Felidae family.  Animal Sci-
ence (Sofia), 47, 67–75. 

Mihaylov, R., R. Dimitrov, E. Raichev, D. 
Kostov, K. Stamatova-Yiovcheva, D. Zla-
tanova & B. Bivolarski, 2013. Morpho-
metrical features of the head skeleton in 
brown bear (Ursus arctos) in Bulgaria. 
Bulgarian Journal of Agricultural Science, 
19, 331–337. 

Onmaz, A. C., H. Albasan, H. J. Lulich, C. A. 
Osborne, V. Gunes, & A. A. Sancak, 2012. 
Mineral composition of uroliths in cattle in 
the region of Kayseri. Journal of Erciyes 



Suspected urolithiasis in a female zoo yak (Bos grunniens) based on urolith analysis 

BJVM, 28, No 3 524 

University Faculty of Veterinary Medicine, 
9, 175–181. 

Osborne C. A., H. Albasan, J. P. Lulich, E. 
Nwaokorie, L. A. Koehler & L. K. Ulrich, 
2009. Quantitative analysis of 4468 uro-
liths retrieved from farm animals, exotic 
species, and wildlife submitted to the 
Minnesota Urolith Center: 1981 to 2007. 
Veterinary Clinics of North America: 
Small Animal Practice, 39, 65–78. 

Parrah, J. D., S. S. Hussain, B. A. Moulvi, M. 
Singh & H. Athar, 2010, Bovinae uroliths 
analysis: A review of 30 cases. Israel 
Journal of Veterinary Medicine, 65, 103–
107. 

Rao, S. V. & A. Unmack, 1973. Bovine 
urolithiasis in Andra Pradesh. Acta Veteri-
naria Scandinavica, 14, 410–420. 

Reynolds, R. N., 1982. Urolithiasis in a wild 
red deer (Cervus Elaphus). New Zealanad 
Veterinary Journal, 30, 25–26. 

Smith, J. A., T. J. Divers & T. M. Lamp, 1983. 
Ruptured urinary bladder in a post-
parturient cow. Cornell Veterinarian, 73, 
3–12. 

Tion, M. T., J. Dvorska & S. A. Saganuwan, 
2015. A review on urolithiasis in dogs and 
cats. Bulgarian Journal of Veterinary 
Medicine, 18, 1–18. 

Ulrich, L. K., K. A. Bird, L. A. Koehler & L. 
Swanson, 1996. Urolith analysis, submis-
sion, methods and interpretation. Veteri-
nary Clinics of North America: Small An-
imal Practice, 26, 393–400. 

Válková, L., E. Voslářová, Z. Becskei & V. 
Večerek, 2023. Comparison of the inci-
dence of kidney damage in cattle, pigs, 
sheep and goats detected at slaughter-
houses as an indicator of animal health. 
Acta Veterinaria Brno, 92, 321–328. 

Vasilkovski, N., 2023, Where in our country 
lives the only herd of yaks in the Balkans, 
SINOPTIK.bg, 
https://www.sinoptik.bg/news/kyde-u-nas-
zhivee-edinstvenoto-stado-tibetski-iakove-
na-balkanite-9535 (22 October 2024 date 
last accessed) (BG). 

Wolfe, B., K. Sladky & M. Loomis, 2000. 
Obstructive urolithiasis in a reticulated gi-
raffe (Girafa camelpardus reticulata). The 
Veterinary Record, 146, 260–261. 

 

 

 

Paper received 31.05.2024; accepted for 
publication 18.10.2024 

 

 

 

 

Correspondence:  

Dian Kanakov  
Department of Internal Diseases, 
 Faculty of Veterinary Medicine,  
Trakia University, Stara Zagora, Bulgaria,  
e-mail: dian.kanakov@trakia-uni.bg 

 
 


