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Summary  
 

This is a retrospective study based on patient records with long-bone fractures in a 
five years period (from 1st January 2007 to 31th December 2011). Results were assessed by 
reviewing the medical records in order to understand the types of fractures commonly seen. 
The purpose was to evaluate the usefulness of fracture classifications.  
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In this study there was determined the incidence rates of traumatic 

fractures referred for orthopedic services in a rather large number of patients. 
Based on a correlation between bone types, fracture localization, fracture line form, 
the degree of bone fragmentation, age, size, and weight, we had evaluated the 
frequency distribution for long-bone fractures.  

 
Materials and methods 

 
There were evaluated 5931 patient records (cats and dogs) admitted in our 

Clinic, between 2007 and 2011, from witch we catalogued fractures of the 
appendicular skeleton. Each patient chart contained radiographs (classic and 
digital) and a surgical descriptive report of the traumatic condition of the patient.  

In order to find the frequency distribution we classified fractures depending 
on anatomical part of the bone, fracture line form and the degree of bone 
fragmentation (2,4,5). Depending on the anatomical part of the bone (localisation) 
there are: diaphyseal, metaphyseal and epiphyseal fractures. A classification on 
bone fractures involving fracture line form was: transverse, oblique, spiral and 
impacted fractures. A fracture distribution depending on the degree of bone 
fragmentation consists of: simple, comminuted and segmental fractures (1,3). 

 In order to inventory fractures we classified patients by animal size : large, 
medium and small and very small size. Categorizing animals by age they are 
divided in: animal under 6 months, young under 1 year, adult, geriatric (large size 
>6 years, medium and small size >8 years and very small size >10 years). A 
division depending on patient’s weight reveals many weight categories: 0-10 
kilograms, 10-20, 20-30, 30-40, 40-50 and 50- 60 kilograms. 
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Descriptive statistics, such as frequencies and percentages were 
calculated using MiniTab 16.0 version for windows in order to describe the study. 

 
Results and discussions 

 
From 5931 number of cases admitted in the Faculty’s Surgery Department, 

504 (8.42%) patients had fractures and from this 464 (92.06%) involved long-bone 
fractures. 

Of our long-bone fractures 161 involved femur –34.69%, 156 tibia and 
fibula –33.62%, , 83 radius and ulna –17.88% and 64 the humerus bone –13.79%.  

Considering fracture localisation there were recorded 339 diaphyseal 
fractures – 73.06%, 24 metaphyseal fractures – 5.17% and 101 epiphyseal 
fractures – 21.76% . 

Results regarding frequency distribution depending on bone type, bone 
localisation, fracture line and degree of bone fragmentation are revealed in table 1. 

A correlation between bone type and bone localisation reveals: 64 
humerus fractures (39 diaphyseal – 60.93%, 2 metaphyseal 3.12%, 23 epiphyseal 
– 35.93%), 83 radius and ulna fractures (73 diaphyseal - 87.95%, 4 metaphyseal - 
4.81%, 6 epiphyseal - 7.22%), 161 femur fractures (102 diaphyseal – 63.35%, 10 
metaphyseal - 6.21%, 49 epiphyseal – 30.43%), 156 tibia and fibula fractures (125 
diaphyseal – 80.12%, 8 metaphyseal – 5.12%, 23 epiphyseal – 14.74%). 

Taking in consideration a fracture classification regarding fracture line there 
were recorded 133 transverse fractures – 28.66% , 323 oblique fractures – 69.61%, 
6 spiral fractures – 1.29% and 2 impacted fractures – 0.43%.  
Also, depending on the degree of bone fragmentation we could record 358 simple 
fractures – 77.15%, 64 comminuted fractures – 13.79% and 42 segmental fractures 
– 9.05%. 

In table 1 there were recorder high values depending on bone type and 
fracture line for oblique fractures (71.87% humerus, 67.46% radius and ulna, 
68.94% femur and 70.51% involving tibia and fibula bones). 

 By associating bone type and degree of bone fragmentation it is shown 
that a very high percentage is for simple fractures (79.68% humerus, 81.92% 
radius and ulna, 73.29% femur and 77.56% tibia and fibula). 
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Table 1 
Frequency distribution depending on bone type, fracture localisation, 

fracture line and degree of bone fragmentation 

 
where: D- diaphyseal, M- metaphyseal, E- epiphyseal (fracture localisation); T- transverse, 
O- oblique, S- spiral, I- impacted (fracture line); S- simple, C- comminuted, S- segmental 
(degree of bone fragmentation)  

 
Results regarding frequency distribution depending on bone type, patient 

size and patient weight are revealed in table 2 and significant values were for 
medium and small size patients in all bones (82.81% humerus, 67.46% radius and 
ulna, 82.6% femur and 80.12% for tibia and fibula) and regarding weight categories 
the most frequent were up to 10 kilograms (56.25% humerus, 43.37% radius and 
ulna, 67.08% femur and 70.51% for tibia and fibula). Also an important percent is 
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assigned for 10 to 20 kilograms weight category (28.12% humerus, 25.3% radius 
and ulna, 16.14% femur and 16.66% for tibia and fibula). 

Table 2  
Frequency distribution depending on bone type, patient size and patient 

weight 

 
where: L-large, MS- medium and small, VS- very small ( patient size); I-VI (weight 
categories: 0-10, 10-20, 20-30, 30-40, 40-50, 50-60) 
 

Results regarding frequency distribution depending on bone type and 
patient’s age are revealed in table 3. 
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Table 3 
Frequency distribution depending on bone type and patient’s age 

 
In comparing humerus and femur bones depending on patient’s age it is 

shown a correlation between age categories (animal under 6 months: 48.43% 
humerus, 45.96% femur; young under 1 year: 23.43% humerus, 21.73% femur; 
adult: 21.87% humerus, 29.19% femur). High values appear both in radius and 
ulna and tibia and fibula bones (adult category: 44.57% radius and ulna; 30.76% 
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Animal under 6 months 31 6.68 48.43 
Young under 1 year 15 3.23 23.43 
Adult 14 3.01 21.87 
Geriatric 4 0.86 6.25 
Large size > 6 years 2 0.43 3.12 
Medium and small > 8 
years 

2 0.43 3.12 

Very small > 10 years 0 - - 
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 Animal under 6 months 22 4.74 26.5 
Young under 1 year 16 3.44 19.27 
Adult 37 7.97 44.57 
Geriatric 8 1.72 9.63 
Large size > 6 years 4 0.86 4.81 
Medium and small > 8 
years 

4 0.86 4.81 

Very small > 10 years 0 - - 
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Animal under 6 months 74 15.94 45.96 
Young under 1 year 35 7.54 21.73 
Adult 47 10.12 29.19 
Geriatric 5 1.07 3.1 
Large size > 6 years 2 0.43 1.24 
Medium and small > 8 
years 

3 0.64 1.86 

Very small > 10 years 0 - - 
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 Animal under 6 months 73 15.73 46.79 
Young under 1 year 25 5.38 16.02 
Adult 48 10.34 30.76 
Geriatric 10 2.15 6.41 
Large size > 6 years 5 1.07 3.2 
Medium and small > 8 
years 

5 1.07 3.2 

Very small > 10 years 0 - - 
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tibia and fibula). Geriatric incidence has closer values in humerus and tibia and 
fibula bone fractures ( 6.25% humerus, 6.41% tibia and fibula). 

 
Conclusions 

 
Patients with femur and tibia and fibula fractures had the highest rate of 

traumatic fractures referred for orthopedic services of patients admitted in our 
clinic.  

The fracture frequency in this study highlights a high percent of diaphyseal 
oblique simple fractures. 

A large number of fractures affected medium and small size patients 
weighting up to 20 kilograms with ages starting from early stages of life until 
geriatric period.  
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Summary 
 

This case reports a 4 and a half-year-old, spayed ferret with a history of alopecia 
that began 3 months before the consult. Abdominal ultrasonography revealed that one of the 
adrenal glands was enlarged.  

Based on the clinical signs and diagnostic imaging, the ferret was diagnosed with 
ferret adrenal gland complex (FADC), one of the most common endocrine disorders of the 
pet ferret. 

Unilateral adrenalectomy was performed, the left adrenal gland being surgically 
removed. The histopathological diagnosis was that of hyperplasia of the fasciculated area of 
the adrenal gland cortex. 

The animal received prednisolon treatment following surgery. Six months after 
surgery the hair had grown. 

Key words: FADC, unilateral adrenalectomy, ferret 
 
Alopecia is a common sign during the breeding season, in contrast, it must 

be considered abnormal in a spayed female. In neutered ferrets, of either sex, over 
3 years of age, alopecia is the common sign of impending FADC (11). Ferret 
adrenal disease complex is the generalized term of the adrenal gland malfunction, 
that has been described as adrenal gland disease (AGD), adrenal gland neoplasia 
(AGN), adrenal cortical disease (ACD) or adrenal associated endocrinopathy (AAE) 
(7). 

Several medications have been recommended for the treatment of FADC 
(mitotane to destroy cells of the adrenal cortex; leuprolide acetate, a synthetic 
analogue of GnRH to inhibit its secretion; melatonin to suppress prolactin and sex 
steroids production; tamoxifen and anastrazole as estrogen blockers; flutamide and 
finasteride as testosterone blockers) (5) but surgery is the definitive method of 
treatment for ferret adrenal gland disease complex. 

If there is only one adrenal gland affected, an unilateral adrenalectomy can 
be performed, if both, then a subtotal or total bilateral adrenalectomy is 
recommended (7, 8, 9). 
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Materials and methods 

A 4 and a half-year-old spayed female ferret, with a history of alopecia was 
examined in October 2011 at the Faculty of Veterinary Medicine Cluj-Napoca. The 
ferret lived alone, both in cage and outside, in the apartment, being fed both 
commercial ferrets formula and chicken meat, with free access to water.  

The ferret had presented the same clinical signs when it was 2 years old, 
but the problem resolved after spaying.  

The examination revealed that the animal presented alopecia on the tail 
and abdominal area and thinning of the rest of the coat (Fig.1). Microscopical 
examination for parasites was negative.  

Blood analysis was all in normal values. On ultrasound examination, one of 
the adrenal gland was enlarged, the left one measuring 11x 9 mm.  

Based on clinical signs and ultrasonography, a presumptive diagnosis of 
FADC was established. 

The ferret was active, not dehydrated so no supportive therapy was 
considered prior to surgery.  
 The ferret was anesthetized using butorphanol (Butomidor® injectable 10 
mg, Richterpharm, Germany) 0,5 mg/kg sc, as preanesthetic agent, and 3% 
isoflurane (Isoflurane®, Rhodia Organigne Fine LTD, Bristol, United Kingdom) with 
0,8 L/min oxygen, as induction agent, administered by face mask. Anesthesia was 
maintained with 2% isoflurane and 0,8 L/min oxygen. Hartman’s solution was given 
by slow i.v. drip. 
 

 
Fig.1. Ferret with alopecia on the tail and thinning of the coat  

 
The surgical area was scrubbed with chlorhexidine (Biodrex, Medicarom 

group SRL.) and a laparotomy by ventral midline abdominal approach was 
performed. Liver, pancreas and mesenteric lymph nodes were evaluated and no 
abnormalities were observed. Craniomedially to the left kidney, near the left 
adrenolumbar vein, the left adrenal gland was identified. A sterile cotton tip was 
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used for the dissection of the fat surrounding the adrenal gland (Fig.2). Once the 
gland was free of fat, a Pean mosquito was placed medio-laterally, both to control 
the hemorrhage and to create visibility for the placing of the suture wire (Fig.3). 
Using a 3-0 polyglactin 910 (Vycril Ethicon®, Jonson & Jonson, St-Stevens-
Woluwe, Belgium) wire, the adrenal gland was ligated and excised (Fig.4). 

 

  

Fig.2. Dissection of fat surrounding Fig.3. Placing the Pean mosquito the 
adrenal 

 

 
Fig.4. Size of the left adrenal gland compared to a Pean mosquito 

 
Muscular and subcutis layers were closed separately using a continuous 

suture pattern, and the skin was closed using an intradermic suture pattern. All 
layers were closed using a 3-0 polyglactin 910 (Vycril Ethicon®, Jonson & Jonson, 
St-Stevens-Woluwe, Belgium).  

Postoperatively, the ferret was given dexamethasone (Dexametazonă, Inst. 
Pasteur, Filipesti SRL., Prahova) i.m. at 1 mg/kg body weight and after 24 hours 
started a course of oral prednisolone (Prednison- Richter, Godeon Richter) at a 
dose rate of 0.10 mg/kg once daily for 5 days, then given every other day for two 
weeks. Antibiotic therapy consisted of administration of amoxicillin and clavulanic 
acid (Amoksiclav, Lek, Pharmaceutical and Chemical Company, Ljubliana, 
Slovenia), given orally for 10 days, at a dose rate of 12.5 mg/kg q 12 h. 
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The hair started growing one month after surgery, continued growing for 
the next months, with almost no signs of alopecia after 6 months (Fig.5). 

 

 
Fig. 5. Aspect of the ferret 6 months after adrenalectomy 

Results and discussions 

The general term of adrenal disease is used to describe a complex 
condition, based on the fact that when it starts we do not know if it is hyperplasia, 
adenoma or adenocarcinoma, with the possibility of all three being present (6). The 
term ferret adrenal disease complex (FADC) is thought more suitable as it involves 
behavior and other clinical issues determined by the high production of sex 
hormones by the adrenals. FADC is manifested by a pathological rise in blood 
levels of certain oestrogen precursors: androstenedione (50–60%), oestradiol 
(90%) and 17-hydroxyprogesterone (50–60%) (4). Adrenocorticotropic hormone 
stimulation test or serum cortisol levels cannot be used to diagnose an 
adrenocortical disease in ferrets, but some ferrets can show an elevated urinary 
cortisol/creatinine ratio during the breeding season (14). 

Clinical signs, ultrasonography findings and plasma sex steroid 
concentrations are used to diagnose this disease in ferrets (4). The altered adrenal 
gland can be palpated in some cases, but imaging diagnostics and laparotomy will 
confirm the gland enlargement. 

Although complete alopecia, with weight loss, of the sterilized jill is 
characteristic of FADC, the degree of alopecia is in no relationship with the 
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pathogenicity of the tumour. There can be pruritus and some sterilized jills show 
vulval swelling, with possible vaginitis. This was not the case, the ferret showing no 
signs of pruritus, nor vulval swelling. Polyuria and polydipsia are other reported 
clinical sings (11, 14).  

Adrenal ultrasonography consists in measuring the length and the width of 
the gland. The presence of hyperechoic fat helps distinguishing the adrenal glands 
as hypoechoic structures. To perform a successful ultrasound examination, the use 
of 7.5 MHz and 11 MHz electronic transducer is recommended (1,2 ). Although 
ultrasonography may help to diagnose FADC, some authors do not recommend its 
use in patients with no clinical signs (10).  
  Usually, there is only one affected gland, frequently the left adrenal gland, 
as seen also in this case. In animals with bilateral disease, the recommended 
treatment consists of a unilateral adrenalectomy plus a hemiadrenalectomy of the 
remaining adrenal gland or a bilateral complete adrenalectomy (13). Some authors 
recommend the excision of the right gland due to the proximity to liver and vena 
cava, to avoid possible metastases (3). If the tumour invades the vena cava, a 
venotomy is recommended and not its ligation, because of the lack of studies of its 
effects (14). Surgery is usually performed by a ventral midline abdominal approach, 
lateral approaches can also be used (8, 9). 

Adenoma is the most common histopathologic diagnosis, but nodular 
hyperplasia and adrenocortical carcinoma have also been cited (12). The 
histopathological diagnosis in this case was that of hyperplasia of the fasciculated 
area of the adrenal gland cortex. 

If bilateral adrenalectomy has been performed, electrolytes levels need to 
be checked post-operatively to avoid hypoadrenocorticism. Glucocorticoids can be 
supplemented after surgery (5). 

Conclusions 

The underlying causes of adrenal gland disease in ferrets are unknown, 
but the ferret adrenal gland complex represents one of the most important diseases 
of the pet ferret. 

The diagnosis is usually based on clinical signs, ultrasonography and 
laparatomy. The most common clinical sign, alopecia, was present in this case, 
concurrent with the ultrasonography evidence of an enlarged left adrenal gland. 
Surgery was performed and the gland was ligated and excised. No macroscopical 
evidence of metastasis or other type of abdominal findings was identified.  

The ferret recovered and after six months there were almost no signs of 
alopecia. 

Although there is several medications available, surgery is the definitive 
method of treatment for ferret adrenal gland disease complex. 
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Summary 

 This experiment was conducted to evaluate four different procedures for epidural 
catheterization in the rabbit. Twenty four rabbits were randomly divided into four equal 
groups. The four different methods used were: percutaneous approach, placement of the 
catheter after skin incision, introduction of the catheter after the removal of lumbar spinous 
process and catheterization via a nontraumatic route in the lumbar epidural space 
between the apex coccis sacri and the first vertebra coccygea.  

All four techniques proved to be effective for a chronic epidural catheter 
placement in the rabbit.  

Key words: rabbit, epidural catheter, anesthesia 
 

Epidural anaesthesia is a safe and inexpensive technique with the 
advantage of providing surgical anaesthesia and prolonged postoperative pain 
relief. It is also an effective treatment of operative pain blunts autonomic, somatic 
and endocrine responses (5, 2). Epidural anesthesia and epidural analgesia are 
techniques whereby medications are injected into the epidural space, the potential 
space around the spinal cord inside to the vertebral column (6). Epidural 
administered anesthetics and analgesics are used for the management of surgical 
cases, obstetrical pain, and post-surgical pain and chronic pain. Epidural drugs 
administer pain relief with fewer drugs compared to systemic administration. This is 
important when the administered drug has negative side effects such as cardiac 
and respiratory inhibition. It not only seems to be more effective than systematically 
administrated drugs, but there are less negative side effects, including sedation. 
There are some disadvantages with epidural medication. For most of small 
mammals, an epidural catheter cannot be placed. Only a needle can be inserted 
into the intervertebral space. This is because of the small size of epidural and 
intervertebral spaces and the cranially directed dorsal spinous process overlying 
the intervertebral space. If a catheter is not placed, it could be difficult to administer 
continuous epidural medication. If the epidural block extends into the cervical 
region, it may block phrenic nerves and cause respiratory arrest. Incorrect 
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technique can cause trauma to the spinal cord. Inadvertent subarachnoid 
deposition can cause greater cranial advancement of the drug (4, 7). 

Research continues concerning different techniques and drugs that could 
provide better surgical anaesthesia and postoperative pain relief. 

The aim of this study was to assess four different methods of epidural 
catheterization in rabbit.  

Materials and methods 

Twenty four rabbits (13 males and 11 females) five months old, weighing 
2.3 kg (2.1 – 2.6) [median range] were included in this study. Animals were kept at 
the approved facility during the entire experimental period. On the basis of a 
physical examination, all rabbits were considered to be American Society of 
Anesthesiologists (ASA) Grade 1 (normal healthy patient). Body weight (BW), heart 
rate (HR), respiratory rate (RR), rectal temperature and temperament of the rabbits 
were recorded. The rabbits were divided randomly into four batches of six patients. 
For the placement of the catheter, each rabbit was anesthetized with xylazine (5 
mg kg-1 IM; Xylazin Bio 2%, Bioveta, Czech Republic) and ketamine (50 mg kg-1 
IM; Vetased, S.C. Pasteur Filiala Filipesti S.R.L., Romania).  

Under general anaesthesia the rabbits were fixed in the prone position to 
facilitate the surgical procedures of epidural catheter implantation. After removing 
hair, disinfecting, and locally anesthesia with 1% lidocaine, the catheterization was 
performed using a set for continuous epidural anaesthesia (Perifix 451 Filter Set, 
Braun Melsungen AG, Germany).  

The rabbits from group A had epidural catheters placed percutaneously at 
L7-S1. The Tuohy needle was inserted at 30º angle until it was placed into the 
ligamentum flavum, the stylet was removed and using the hanging drop technique 
we applied a steady, gently pressure to the needle until the hanging drop gets 
absorbed in, because the epidural space contains subatmospheric pressure.  

In group B, the catheters were inserted after the skin incision at 
lumbosacral junction, using the same technique like in batch A.  

On the patients from batch C, we perform a midline skin incision between 
the sixth and fifth lumbar spinous processes. The muscles between the two spine 
processes were separated by blunt dissection and the sixth lumbar spine process 
was removed to expose the ligamentum flavum. Then the polyethylene catheter 
was directly inserted through the slit in the ligamentum flavum into the epidural 
space. 

In batch D, the catheter was implanted via a nontraumatic route in the 
lumbar epidural space between the apex coccis sacri and the first vertebra 
coccygea after a 1-cm incision was made in the skin at the root of the tail. The 
ligamentum was punctured to allow the catheter to slide gently into the epidural 
space and avoid subperiosteal soft tissue dissection. 

In all rabbits the polyethylene catheters were advanced eight cm in groups 
A, B and C and 15 cm in group D, in cephalic direction, the absence of blood or 
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cerebrospinal fluid confirmed the correct position of the catheters. If an obvious 
leakage was found, the rabbit would be abandoned from the study. The external 
part of the catheter was tunneled subcutaneously along the back to the neck and 
connected to a capped connector implanted partially in to the skin of the neck. 
Finally the lumbar incision was sutured and enrofloxacin was administered (5 mg 
kg-1 IM, Enrofloxacina 5%, S.C. Pasteur Filiala Filipesti S.R.L., Romania). 

After full recovery from general anesthesia, to confirm the location of the 
epidural catheter, a test dose of 0.5 ml lidocaine 1% was injected epidurally. The 
exhibition of a reversible segmental sensory and motor blockade was considered 
as the evidence o correct location of the catheter. 

The patients were observed for seven days, after this period were 
euthanized with thiopental (35 mg kg-1 IP, Thiopental sodium, Eipico Med S.R.L. 
Romania) to confirm the position of the epidural catheter.  

Results and discussions 

The anesthetic protocol used in this study was efficient, providing good 
analgesia for all patients. In group A the Tuohy needle was inserted blindly with 
some difficulties to find the ligamentum flavum between last lumbar vertebrae and 
sacrum (fig. 1). In one rabbit the needle was advanced slightly too far into the 
spinal canal, the LCR appear at the needle hub, for this reason the rabbit was 
removed from the study. The catheter placement for the other five rabbits has been 
successful (fig.2).  
 

 
Fig. 1. Percutaneously insertion of the Tuohy needle  

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 20 
 

 

 
Fig. 2. Introduction of the polyethylene catheter 

 
 In group B, the catheterization was without negative events, all six rabbits 
having a smooth recovery from general anesthesia. 

The placement of the Tuohy needle and epidural catheter in the patients 
from group C was very precise because we were able to visualize the ligamentum 
flavum after the removal of the lumbar spinous processes and to make a gentle slit 
to allow the catheter advance (fig. 3 and 4). 
 

 
Fig. 3. The removal of lumbar spinous process 
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Fig. 4. The placement of the epidural catheter 

 
For the epidural catheterization of the rabbits belonging to group D, we 

have not used the Tuohy needle because the ligamentum flavum was easy to 
expose, visualize and slit for catheter advance in epidural space (fig. 5). All six 
rabbits were catheterized without incidents.  
 

 
Fig. 5. Epidural catheterization between apex coccis sacri and the first vertebra 

coccygea 
 

The catheters were tunneled subcutaneously and the connector secured to 
the skin from dorsal region of the neck (fig. 6). After the recovery from general 
anesthesia we perform the test dose with lidocaine, the classical method of 
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assuring the correct position of the catheter. All the rabbits developed transient 
segmental sensory and motor blockade without respiratory depression (fig. 7). 
 

 
Fig. 6. Subcutaneously tunnelization of the catheter 

 

 
Fig. 7. Flaccid paresis after test dose 

 
All rabbits were housed individually and observed daily to check the correct 

position of the catheter and to evaluate possible neurological alterations or 
behavior modifications. In the fourth day of the study, we noticed the catheter 
removal to one patient from group D.  

After seven days, the remaining rabbits were euthanized to confirm with 
certitude the correct position of the catheter. With this occasion we found a 
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subcutaneous abscess at the surgical site in one rabbit from group C. All the 
rabbits had the catheters placed correctly without gross lesions noticed at spinal 
cord.  

Conclusions 

The results of our study validated all four methods used to place epidural 
catheter in the rabbits. However, there are some differences between these four 
techniques. The percutaneously method it is slightly more difficult because there 
are a few anatomical layers to be passed with the needle and the operator cannot 
see the ligamentum flavum. This is the reason for possible intrathecal placement of 
the catheter. The advantages of this method are the lack of any incisions or 
dilacerations and a better connection of the catheter with the surrounding tissues. 

The second method (group B) is somehow related with the first one, the 
skin incision allow a better implantation of the remaining catheter under the skin but 
increase the possibilities of infections.  

The third method use in patients from batch C is more traumatic, involving 
incisions, dilacerations and removal of bone fragments. The major benefit is the 
possibility to visualize the ligamentum flavum and to make a gently, controlled 
advancement of the catheter. Using this method it is mandatory to administer 
antibiotics and analgesics during post-surgical period.   

The last method proved to be less difficult, less traumatic then the previous 
one, but there are some disadvantages regarding the possibilities to secure the 
catheter in the surrounding tissues with the risk of catheter exteriorization or 
displacement. 

The method for the catheterization remains a choice of the researcher, 
been influenced by different factors. 

Rabbit model is suitable to evaluate multiple effects of different anesthetics 
administered epidurally or intrathecaly in experimental conditions. These results 
confirm the conclusions presented by other authors (1, 3, 5, 6, 8). 
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Summary 

 
Hydroxyapatite is a material especially made to be used in the orthopedic field 

because it can be remodeled and replaced by the newly formed bone tissue. The 
mechanical properties of this biomaterial have deterred the use of hydroxyapatite for bone 
tissue that endures great physiological forces because of its fragility and low resistance to 
traction, in order to counteract this demerit, coatings of hydroxyapatite were applied on 
different types of metal and the obtained product has the mechanical properties of metal and 
the biocompatibility of hydroxyapatite. Labeling of the skeleton with in vivo marker 
substances allows the quantitative measurement of bone formation and bone remodeling 
dynamics when using orthopedic implants with hydroxyapatite coatings. This present study 
highlights the osteoinductive, osteoconductive and osteointegrative properties of 
hydroxyapatite that have major implications in a quick and satisfactory recovery of the 
patients with various structural bone defects. 

Key words: coating, bioactivity, osteoinduction 
 
HA, while being a natural constituent of bone tissue, has presented interest 

in the orthopedic field along with stomatology field; HA’s  rol playing is critical in 
bone mineralisation process by impregnating the cartilagenous matrix in the 
presence of a dimeric protein called condrocalcein (23). 

Hydroxyapatite belongs with the calcium ortophosfates family and presents 
interest for diferent fields like geology,chemistry, biology and medicine.The first 
attemps of men to replace different body parts were encountered in the early 
medical writings of hyndu,greek and egyptian civilisations (22). 

In 1980’s took place the first succesfull aplication of calcium orthophosfates 
(mainly hydroxyapatite); the fabrication of  this material started from bovine bone 
and coraline apatite (22). 

 
Hydroxyapatite - biomaterial 

A biomaterial is a natural or synthetic material used to replace part of a live 
system or to work in intimate contact with a living tissue, these biomaterials being 
able to be tolerated by the organism, temporarily or permanently (22). 

The name given by IUPAC (International Union of Pure and Applied 
Chemistry) to hydroxyapatite (HA) is pentacalcium hydroxide tris(orthophosphate) 
(22). Usually, it can be found in the following chemical formula: Ca10(PO4)6(OH)2 
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(22). Featuring a series of mechanical, electrical and biological properties, 
hydroxyapatite has heralded a new generation of biomaterials (22). 
 Mechanical properties. 

HA’s fracture resistence does not exceed values of 1.2 Mpa/m ½ and 
decreases almost liniarly with enhancing  porozity.The values for bending forces, 
compressive forces and tensile forces are: dense HA-38-250 Mpa, 120-900 Mpa 
and respectivly 38-300 Mpa and porous HA-: 2-11 Mpa, 2-100 Mpa respectivly 
aprox. 3 Mpa (22). 

Electrical properties. 
Electrical surface charge of HA influences bioactivity and distribution of 

newly formed bone in pores and canals of the interface.The electrical charge 
enhances the reorganisation of pre-osteoblastic’s cellular skeleton (14,19,20). 

Biological properties. 
Regardless of it’s properties, structure and chemical composition, a 

biomaterial will never be fully accepted  by a living organism (26). 
Osteoinduction is the process by wich pluripotent undiferentiated cells are 

transformed in bone tissue formating cells, under the influence of diverse 
stimuli.Osteogenesis is stimulated by osteoinduction and it consists a level of any 
kind of bone healing process. Once pluripotent cells are stimulated, they will be 
transformed in pre-osteoblasts that will give birth to osteoblast that play a critical 
part in bone matrix formation (22). 

Osteoconduction defines a process of newly formed bone tissue’s growth 
in to an interface bone-implant.An osteoconductive surface allows bone tissue to 
grow inside or superficial, because of pors and canal that form it’s structure.(26) 

Osteointegration is the stabil bonding obtained by direct contact of bone 
and implant, and maintaining this bond along  a period of time.The forming of newly 
bone tissue on an implant’s surface depends on undiferentiated bone cells’s action 
and it consists of osteoinduction.Bone growth inclusive osteoconduction are 
inexistent without the nutrition given by a adequate blood suply of the tissue.(26) 

Biodegradation starts shortly aftef implantation and it is iniatiated by the 
compositional changes of the biological fluids that surrounds the implant and by the 
biomolecules’s absortion.This process consists of physio-chemical dissolvation 
with 2 possibilities: phase transformation or cellular activity ( bioresorbtion), or a 
combination of this processes (22). 

Degradation produts that result are included in to the metabolism 
(phospho-calcium metabolism) and large fragments can be incorporated into the 
bone (22). 

Porosity. 
Microporozity of HA offers a great surface protein and enhances 

solubility.Pores that conect with each other offer optimal conditions for the 
development of microvessel necessary bone growth and for the elimination of 
residues (10,21). 
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Dense HA has a low tendency of bioresorbtion, mainly because of it’s 
reduced contact surface.Therefore,for enhancing bioreactivity,it’s necessary that 
the biomaterial offers a great contact surface and a great porozity.For the 
maintenance of an efficient bioresorbtion, it is necesary to obtain a level of 70% 
porozity of HA.   

 
Characteristics of hydroxyapatite-coating 

Mainly because it’s inconvenient mechanical properties of HA, it can’t be 
used alone to fabricate an orthopedic implant; it has been used in this way just for 
pats of the skeleton that doesn’t undergo massive physiological force 
concentration.One of the major inovation from the last 30 years in this field was to 
coat HA on materials with optimal mechanical properties.(22) 

The need of sufficient mechanical stability had lead to the usage of a 
metalic material and an interface that forms a bonding between bone tissue and 
the implant itself (22,26).Because metals does not undergo this tipes of bonds with 
bone, there has been improved the contact surface by aplying diferent coatings 
from which HA coatings had arisen as a great method.(22) 

HA has the ability to create stabile bondings with bone tissue, but this 
bondigs varies with the coating’s properties.The thickness of the coating varies 
among dimensions of a few submicrons to several hundred microns; this parameter 
is very important because a thick coating is britle, and a thin coating will dissolve 
rapidly once introduced in a living organism ( HA este the last to dissolve among  
calcium orthophosfates) (22). 

The rate of dissolvation is aproximativly 15-30 microns per year (5).One 
should stress that HA coatings are also applied to other materials used in the 
orthopedic field ( polymers,carbon) (22). There are many factors that influence 
HA’s properties: coating’s thickness, cristalinity,chemical purity,porosity and also 
adhesion.Clinical  trials shows remarcable results in case of the usage of HA 
coatings (1,2,3,4,5,6,7,8,9,12,13,14,15). 

The method used for the appliance of HA coatings is plasma spraying (22), 
but it is not used for porous HA.When dealing with this tipe of materials, it’s best to 
use suspension method, later applied just for dense zirconium and titanium alloys. 

The hydroxyapatite layer is obtained by sintering (22), which consists in the 
adhesion of metallic or ceramic powders at a incresed temperature and by pressing 
this powders on a surface.The period of time in which HA is exposed to high 
temperature should be reduced for enhancing bioactivity of the final product and it 
must be optimal for a low cristalinity without leaving organic residues.Maintaining 
the product at a high temperature (500 Celcius degrees) it’s necessary for 
eliminating carbon residues from the ceramic’s structure.High temperature reduces 
HA’s reactivity (22). 

HA coating must fulfill certain condition: it must have a uniform thickness 
and without roughness, it must be closely bond with the substrate and it mustn’t 
chemically react with the substrate (15,22). 
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When using sintered HA there are active areas of bone deposition, and 
areas of resorbtion and bone remodelation (22, 26). HA ceramics that present a 
high interconective porous system are highly osteconductive and act as a matrix for 
the appositioning of the newly formed bone tissue (1). When the newly formed 
tissue has grewed into the pores of the biomaterial, the composite represented by 
bone-biomaterial changes it’s original mechanical properties (22). 

Adverse reactions to the usage of HA coatings where encountered during 
time.although HA presents good properties like versatility and benigne nature,there 
were notified some ocasional inflamatory reactions in pacients (1, 22). 

The cuantification of newly formed bone tissue is done by various methods  
that include: histomorphometric analysis, x-ray and intravitam  labeling with 
fluorochroms (26).This fluorochroms are given to the animal by different ways and 
are preferentially depositated in the bone tissue in corse of mineralisation.This 
substances can be visualised under UV light because of they’re fluorescence.The 
depth of the fluorochrom band depends on the speed of mineralisation and on the  
period of time coresponding to the circulation of the substance into the extracellular 
fluid. 

To obtain a valid measurement of the bone formation marker, it combines 
the bone marking procedure with the morphometric analysis of the concerned 
tissue (26). The marking procedure can be accomplished using different types of 
fluorochromes: tetracyclines, alisarynes, xylenol orange, fluoresceine and calceine 
(26). 

The histomorphometry determines trabeculae thickness of bones and, 
overall, represents a quantitative analysis of the bone tissue regarding components 
measurements, resistance or changes in the physiological conditions, stress or 
sickness status. 

For the precise evaluation of orthopedic implants, the histomorphometric 
analysis must complete the histologic exam. The evaluation of the effiency of an 
implant must concern: in vivo behavior, adjiacent tissues, the coating and the 
interstitial tissue (22,26). 

 
Evaluation of the therapeutical efficiency 

Current studies tend to compare the effectiveness of different types of 
coatings applied to most use metal implants, in the orthopedics and beyond. Given 
that all bioactive materials studies aimed at the animal, veterinary medicine has the 
advantage of direct applicability of the results. 

In a study by Aebly et al. 2002 on 18 goats, regarding osseointegrating 
capacity of the rough and highly crystalline HA coating applied by VPS (Vacuum 
Plasma Sprayed) on the titanium implant compared with the titanium coating 
applied on the same type of implant, results supported the idea of early 
osseointegration for HA. The therapeutic efficiency of HA-coating is shown by the 
simple reasoning that the rapid fixation of the implant decreases the risk of early 
loosening and mobilization of the implant (1). 
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Compared to uncoated implants, HA-coated implants have proven to have 
positive effects of healing and early resumption of locomotor function when using 
HA-coated hip stem in dogs. Eckardt et al. mentions that the connective tissue 
occurred between the metallic implant and the bone are lenticular collagen fibers, 
arranged parallel to the implant surface. After one, respectively two years, it has 
been noted the presence of lamellar mature bone tissue on the HA-coating, while in 
the case of the uncoated implants the amount of bone in the exact same control 
points was minimal. In conclusion, uncoated surfaces lead to decreased 
osseointegration and therefore the instability of the orthopedic system (4).  

Related to the same issue of hip arthroplasty in dogs, Andersen et al. 
presents a study on the problem of the subsequent synovitis. He demonstrated 
taking into account parameters such as synovial membrane thickness, 
polyethylene particle load, presence of fibrinous exudate synovia edema, mitotic 
index, number of giant-cell and inflammatory cells, that the synovia compared the 
healthy contralateral is thickened, but the others mentioned factors showed no 
statistical significance for the HA-coated hip prosthesis. What emerged from this 
study was that HA-coated implants contribute in some way to the load of the 
periprosthetic environment with inflammatory cells, but the effect is relatively 
insignificant (2). 

 
Conclusions 

 
HA-coated implants have a high biocompatibility when places in the living 

animal body. 
Such implants become superior to other types of biomaterils used in 

orthopedics due to its osteoconductive, osteoinductive and osseointegration high 
properties of HA. 

The progressive replacement of HA layers with new bone makes HA-
coated implants to be amenable to an early and evenly healing of bone defects. 

Side effects seen in the animal organism after the insertion of HA-coated 
implants are minimal and do not influence the bone regeneration process. 

Despite the great progress in the field of the orthopedic implants domain, 
the future major progress can be obtained following the improvement of the 
mechanical performance of the biomaterial, increasing the mechanical stability of 
the coatings, increasing the bioactivity, the development of biomimetic composite 
materials. 
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Summary 

 
Minimally invasive surgery is gaining significantly ground in the treatment of different 

conditions, in both humans and animals. This is largely due to the reconsideration of the 
advantages and the disadvantages of the conventional surgical techniques. Biological fixation 
is based on the self-corrective and self-preserving capacities of the organism, assisting and 
supporting the physiological process of indirect healing by callus formation through minimum 
intervention on the fracture site. The opinions on the result of this type of intervention are 
divided, however, from our point of view, the results cannot be quantified until a detailed study 
regarding the mechanism of bone healing obtained by biological fixation, the effects of the 
relative stability on the fracture site, the histological characters of the newly formed bone, the 
rate of septic and other postoperative complications and a clinical and functional analysis of the 
locomotor activity of the leg subjected to the procedure is made. 

On the veterinary orthopedic field, the latest technique that supports the biological 
osteosynthesis is MIPO (Minimally Invasive Plate Osteosynthesis). With good results in 
human medicine, veterinary least addressed, this technique can be a better alternative for 
correcting some types of fractures, against conventional techniques and even against other 
minimally invasive techniques. 

Evaluating the principles of the rigid fixation with its advantages and disadvantages 
and the development of the osteosynthesis over time, and extrapolating some elements of 
the bone healing biology in humans to animals, this paper results in a bibliographic study of 
what biological fixations means and includes seven chapters that attempts a systematization 
of the fundamental concepts of the application of the minimally invasive plate osteosynthesis 
in animals. 

Key words: biological osteosynthesis, MIPO, fracture 
 
Minimally invasive surgical techniques in orthopedics include insertion of 

intramedullary nails, application of external fixators and, most recently, 
percutaneous plate application. 

Since the appearance of plates in the 18th century, the osteosynthesis 
plate model has evolved: DCP (Dynamic Compression Plate) – LC-DCP (Limited 
Contact – Dynamic Compression Plate) - PC-Fix (Point Contact Fixator) - LCP 
(Locking Compression Plate) – LISS (Less Invasive Stabilisation System) – MIPO 
(Minimally Invasive Plate Osteosynthesis) (2). It started from the priciples of 
bleeding reduction with stable fixation of the fracture promoted by AO 40 years ago 
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in the idea of preserving and protecting local vascularization and soft tissues 
leading nowdaysto the less invasive surgical techniques. 

Plate osteosynthesis was used a fracture treatment since the 1800s (21, 
28), but the expected results were disimulated by infections, mal-union, non-union 
or even poor restoration of bone function (27, 28). Further research led to major 
changes in the principles and objectives of osteosynthesis (11, 25). Invasive 
surgical approaches necessary for anatomical reconstruction of the fracture destroy 
both fracture hematoma and the extraosseous regional blood supply (11, 10,4). 

The iatrogenic trauma that occurs subsequently to intervention delays 
formation of the new bone tissue and devitalizes bone fragments that would have 
been viable if the site of fracture wouldn’t have been open (6, 23, 22). Considering 
the benefits of preserving the hematoma and blood reserves in the fracture site, it 
has been developed the main objective of the biological osteosynthesis (27, 25). 
Pradyumna et. al. 2005 quoted by Hudson et. al. 2009 submits that biological 
fixation techniques practically assist the physiological process of bone healing with 
minimal interventions in the fracture outbreak (16). 

Principles of biological osteosynthesis 

In veterinary medicine, as well as in human medicine, it is taken into 
consideration the existence of two models of repair / healing of osseous structures: 

a. Primary/direct bone healing – rigid stabilization of the two ends of the 
bone fracture line, which must be brought into close apposition by various 
mechanical devices so that blood vessels in Havers channels can be expanded in 
the fractured area, thus ensuring the supply of osteogenic cells (7). 

b. Secondary/indirect bone healing - reparative osteogenesis by callus 
formation, realignment and stabilization of fractured bone extremities by various 
surgical procedures (7). Secondary or indirect osseous healing happens in the 
majority of bone lesions and involves a combination between intramembranous 
ossification and endochondral ossification, followed by callus formation (33). 
Philllips 2005, quoted by Wullschleger 2010 mentions that this type of healing / 
repair is favored by micro-movements in the site of the fracture (37) and it is 
inhibited by rigid fixation (20), inducing the formation of callus, the process being 
accelerated by supporting the body weight on to the injured limb (32).   

Practically, indirect bone healing is taking place in the case of fractures 
with an unstable biomechanism given by movements in the fracture outbreak, 
respectively when it has not been intervened in the fracture site or when 
procedures allow a certain degree of instability - the application of splints, 
intramedullary nails, external fixators or application of plates (31). 

Disadvantages of anatomical reduction and rigid fixation led to the 
emergence of the concept of biological fixation. This helps to preserve bone 
vasculature with the improvement of strengthening, decreased incidence of 
infections, iterative fractures and the need of grafting (29) and it is based upon four 
principles: minimizing the iatrogenic soft tissue destruction, using indirect reduction 
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techniques of the fracture, obtaining adequate stability of the outbreak of fracture, 
sustaining the early resumption of the limb function (24, 30). 

The reduction of the fracture refers to the process of repositioning the 
fractured segments in their original anatomical position. When a fracture is 
produce, to compensate the function of the bone supporting, the muscle suffers a 
maximum spastic contraction, intensified also by the lesions of new tissues 
adjacent to the fracture outbreak. Muscular spasm is constant and continuous, 
even under anesthetic effect. Few days after the trauma is produces, the regional 
inflammatory reaction, along with proliferative changes resulted lead to a 
permanently condition of contraction, having a negative influence upon the 
reduction of the fracture (5).  

Indirect reduction of fractures is usually carried out through manipulation, 
traction, countertraction and bending. This type of reduction is ideal because it can 
be realized and maintained with a minimal trauma on soft tissues. Still, it has the 
disadvantage of being, in some extent, limited to recent fractures and to animals 
where palpation is easily to perform (5).   

According to Wullschleger 2010, the greatest problems concerning the 
MIPO technique are the intraoperative fracture reduction and its evaluation, 
because of the impossibility of direct handling and visualization. Major advantages 
of MIPO - reduced degree of invasiveness, respectively of ORIF - enhanced quality 
of fracture reduction and stabilization are often difficult to quantify and so are 
correlated with factors such as: anatomical region and type of fracture, local status 
of the soft tissue, bone quality, patient age, available implants, experience and 
preferences of surgeons (33). 

The literature mentions several techniques for indirect / closed reduction of 
fractures: the use of an AO distractor (12), fracture reduction with a forceps through 
small incisions (4), percutaneous fixation with pointed reduction forceps (14), 
manual traction with temporary fixation using Kischner wires (12). 

MIPO technique (Minimally Invasive Plate Osteosynthesis) was developed 
as a procedure for internal fixation to achieve biological fixation. Sirbu et al. 2005, 
citing a number of renowned authors state that surgical techniques of biological 
plate osteosynthesis (indirect reduction and minimally invasive osteosynthesis) are 
designed to limit soft tissue dissection and excessive deperiostation, in order to 
improve the strengthening (30). 

Intramedullary fixation without opening the fracture site can be applied to 
promote biological osteosynthesis. Intramedullary nails can be said to be favorable 
to biological osteosynthesis, but they are not recommended when the patient's 
general condition is critical (in the case of politraumatism), in order to exclude a 
possible overload of the body with the reaming of the medullary canal (26). In 
addition, narrow medullar cavities are obstacles in accomplishing this procedure 
and repeated reaming of the bone can cause thermal damage to the bone shaft 
(32). In human medicine, interlocking nails are frequently used. After placing these 
nails in the medullar cavity, distal and proximal extremities are blocked at the 
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fracture site by insertion of screws. This type of nails can withstand all types of 
forces acting on the fracture site. While intramedullary nails prevent bending, axial 
locking screws prevent rotation. The veterinary interlocking nailing model is used 
mainly for solving the humerus and femur fractures and sometimes for tibial 
fractures. The literature indicates that unfavorable results of this fixation system 
were due to either inadequate size of the nail or the positioning of the screws too 
close to the fracture (31). 

A comparative study of MIPO and the intramedullary nailing technique for 
distal tibial fractures in human patients, conducted by Guo et al. 2010, states that 
the time of intraoperative X-ray exposure and operating time itself was significantly 
higher for MIPO technique. It is also mentioned that there was no difference 
between the two techniques on the healing time and conditions (13). 

External fixators application is indicated for open fractures and when soft 
tissue trauma when is severe. In these cases internal fixation is risky. However, this 
type of technique is disadvantageous because it delays healing and possible septic 
complications can lead to loss of applied pins, consecutive to loss of bone strength. 
This method is very popular and is not normally used as a mean of permanent 
attachment. After the soft tissue condition improves and epithelization of the 
fracture site occurs, it will turn to an internal fixation procedure, preferably within 
two weeks from the application of the external fixator (19). Other authors indicate 
this technique to stabilize comminuted fractures after indirect reduction and long 
bone fractures, arthrodesis or temporary immobilization of joints. Fixtures can be 
designed to meet the biomechanical need to stabilize the fracture, but can later be 
modified or destabilized to provide adequate degree of stability throughout the 
healing process. Both pins   (type, size, number, location, length) and device model 
(unilateral, bilateral, biplanar) affects the stiffness and the ability of the system to 
resist the axial loading, the bending, the rotation and the body weight support (31). 

In human patients, MIPO technique was applied to stabilize certain types of 
fractures, the results were promising and limited reports of the use of this technique 
in animals also had positive results (16). MIPO is a topical issue and of great 
interest in human medicine. The international veterinary report cases solved by this 
method are limited and, in Romania, at the present, this technique is even less 
approached. 

 
ORIF vs. MIPO 

 
In the past decade, MIPO technique used for solving long bones fractures 

became a clinical accepted method with good results compared with conventional 
surgical approaches (ORIF) in human medicine. However, while MIPO offers some 
advantages compared with ORIF, also it has some disadvantages: the orthopedic 
technique is more demanding and requires prolonged exposure to radiation (the 
procedure is accomplished under imaging control). No current clinical trial or 
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experimental results doesn’t not indicate differences in the fracture healing if 
resolved by the two types of surgical techniques (33). 

MIPO advantages are significant compared with ORIF: 
-septic complications are less frequent, allowing adequate fracture healing (15); 
-less soft tissue trauma during surgery (18; 
-stability provided by MIPO is similar to traditional techniques, without the 

need for extensive dissection (3; 
-operating time is low, especially after becoming the technique becomes 

familiar (29); according to Wullschleger 2010, the intervention requires more time 
because it is not possible a direct visualization and manipulation (33); 

-healing time is reduced; postoperative pain is minimal, due to small 
incisions; aesthetic results (30). 

Disadvantages of MIPO according to Wagner and Frigg 2006 are: difficult 
indirect fracture reduction, prolonged exposure to X-rays, the process control is 
accomplished radiographically; malunion and pseudoarthrosis (30). 

While the classic plate fixation requires a skeletal piece protection for an 
extensive period of time, minimally invasive plate osteosynthesis superiority lies in 
the short period to obtain proper strengthening and a mature bone callus with 
favorable mechanical properties and major resistance to load (2). 

A contributing factor of local infections in the case of osteosynthesis is the 
removal of the soft tissue and the periosteum trauma associated with fracture. The 
nonvascularized bone tissue and the necrotic soft tissue are ideal culture media for 
bacteria. The destruction of the periosteal blood reserve and the lack of adjacent 
soft tissue perfusion not only interfere with the bone healing but also prevent the 
arrival of humoral and immunological defense mechanisms by blocking access 
routes of immunological factors to the traumatized area. Thus, at the surface of the 
the bone implant, there will be a dissemination and multiplication of the inoculated 
microorganisms (1). An experimental study conducted by Arens et al. 1999 on 26 
rabbits regarding the soft tissue susceptibility to infection after internal biological 
fixation revealed that, although the difference is not statistically significant, in the 
case of MIPO technique there was a trend toward a lower infection rate and a 
higher infective mean dose (1 ). 

An adaptation of a study on the treatment of femoral shaft fractures in 
children was conducted by Dejadin and Cabassu 2008 in veterinary medicine for 
immature dogs. He considered the classic IMN (Intramedullary Nailing), external 
fixation, internal fixation with VCP (Veterinary Cuttable Plates) and VCP associated 
with MIPO technique. By eliminating exposure of the fracture, this approach can 
help the hematoma from the fracture, promoting the bone healing. Thus, it 
minimizes the deterioration of the soft tissue by reducing scar tissue formation and 
promotes early use of the affected limb (8). 

Minimally invasive osteosynthesis is technically difficult, requiring careful 
intraoperative, clinical and fluoroscopic control to restore axis, rotation and limb 
length, but the advantages are overwhelming compared to conventional 
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techniques: rapid consolidation with decreased incidence of complications and the 
need of primary and secondary bone grafting, shortening of the operating time. 
MIPO good results are obtained both from the rapid consolidation by preserving 
vascularity and the increased resistance of the plate to the mechanical stress (29). 

 
MIPO technique 

 
Biological fixation indications refer in particular to the distal limb fractures. 

However, fractures of the humerus and femur can be solved by MIPO with indirect 
reduction, following the principle of "open, but do not touch" (17). 

Hudson et al. 2009, citing a number of authors, systematize the MIPO 
technique in animals in the following steps: 

- Radiograph both the broken and the healthy leg to favor the selection of 
the metal implant (29). 

- Indirect reduction of the fracture: fracture segments are handled indirectly 
by applying corrective forces to a certain distance from the fracture (17), 
helped by imaging techniques (fluoroscopy). 

- Hudson et al. 2009, citing a series of studies, structures the principles of 
MIPO technique as follows: skin incisions (2-4 cm) will be placed distal and 
proximal anticipating the plate positioning; it will be created an epiperiostal 
tunnel through the soft tissue by blunt dissection using a epiperiosteal long 
elevator (16). 

-  The plate will be inserted through one of the two incisions and will slide 
through the tunnel until it is visible in the second incision, exceeding the 
fracture site (29). Once confirmed the correct positioning of the plate by 
imaging methods, the screws are applied (26). 
Plates used in MIPO are: DCP (Dymanic Compression Plate), LC-DCP 

(Limited Contact Dynamic Compression Plate) and LCP (Locking Compression 
Plate), the best results being obtained with LCP plates, mainly due to the increased 
load capacity system and the angular stability (16). 

The angular stability of the system is given by matching threaded ends of 
screws in threaded holes of the plate, forming a fixed angular system. For MIPO, 
another advantage of LCP plate use is the minimum profiling necessary, in contrast 
with traditional plates, in which case the optimum shape is required to maintain 
fracture reduction. LCP plates act as internal clamps and they do not move the 
bone fragments during the tightening of the screws, regardless of the accuracy of 
the plate contouring (30). 
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Conclusions 
 

Mipo technique, although new in the orthopedic field and still unexplored, 
may become a better alternative to solve some types of fractures aimed at the 
overall long bone shaft fractures. 

This technique is well suited for fractures with soft tissue mass destructions 
because the insertion of the fastening means is done with minimum surgical 
trauma. 

The technique promotes the bone healing and the early resumption of the 
locomotor function due to the protection of the local vascularization by not opening 
the fracture site. 

The incidence of postoperative infections was reported to be lower 
compared with the open conventional intervention. 
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Summary  
 

 Seventeen nonambulatory dogs with thoracolumbar disk disease and with loss of 
deep pain perception were monitorised after surgical decompression. Recovery was defined 
as ambulatory paraparesis with urinary and fecal continence and time to ambulation as 
number of days from surgery until regain locomotor ability. The recovery rate was 64.7 %. 
For dogs with surgery performed within 24 to 48 hours (5 cases) the mean time to 
ambulation was 13 days and 52 days when surgery was performed over 48 hours (6 cases). 

Key words: dog, toracolumbar disk disease, deep pain, decompression  
 
Thoracolumbar disk disease is the most common cause of small animal 

neurologic dysfunction. Primary clinical signs are pain in the vertebral region 
somatosensory and motor deficits of the pelvic limb and urinary dysfunction (1, 6, 
7). Management methodology is controversial and generally determined by clinical 
experience rather than critically analyzed data (6). Nonsurgical treatment typically 
involve rest in a confined space and used of anti-inflammatory drugs and 
analgetics. Surgical decompression is the principal mode of treatment for 
intervertebral disk disease and it is recommended to be performed as quickly as 
possible after onset of the neurologic signs. The recovery rate of surgery is 
considered to be greatly reduced in those cases assessed to be deep pain 
negative if surgery is delayed more than 48 hours (3, 6, 7, 8). The objective of the 
study was to make an analysis of decompressive surgery results in dogs with 
thoracolumbar disk disease and loss of deep pain perception. 
 

Materials and methods 
 

 The studies were performed on 17 dogs with severe neurologic disease, 
paralysis and loss of deep pain perception, attributable to toracolumbar spinal cord 
compression. The clinical signs were scored with a rating scale for neurologic 
status for dog with toracolumbar spinal cord disease: grade 0, paralysis deep pain 
absent; grade 1, paralysis, deep pain present; grade 2, non-ambulatory 
paraparesis deep pain present; grade 3, ambulatory paraparesis with obvious 
neurological deficits, deep pain present; grade 4, ambulatory paraparesis with mild 
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neurological deficits, deep pain present and grade 5 normal strength and 
coordination, deep pain present (3). For those cases referred from private practices 
the moment for loss of deep pain perception was considered the time of paraplegia 
installation. The assessment of deep pain was made by crushing the terminal 
phalanges of the hind limb with hemostatic forceps. Administration of anti-
inflamatory therapy prior to decompresive surgery was registered. Location of the 
compressive toracolumbar disk were established by radiographic and mielographic 
examination in lateral, ventrodorsal and oblique projection. Pediculectomy was the 
initial surgical technique for all cases. This was performed bilaterally in those cases 
with lesion confined to the ventral aspects of the spinal canal and unilaterally in 
cases with lateral confined lesion. When necessary the opening was enlarged to 
allow spinal decompression (hemilaminectomy) (figure 1). Cage rest was assured 
for all cases except one that was discharged immediately after surgery. Post 
operative care consists in bladder expression, physiotherapy, supportive cart and 
hydrotherapy. The wound healing was daily evaluated. 
 A successful recovery was defined as an ambulatory dog (grade 4 or 5) 
with fecal continence and voluntary micturition.  

Radiographs control was performed at one month and three month after 
surgery in nine cases. 

 

  
a.  b.  

Fig. 1. Spinal cord decompression 
 

 
Results and discussions 

 
The most affected dogs were chondrodystrophic breeds (13/16), one non- 

chondrodystrophic and two mixed breed dog (table 1). Twelve were males and five 
females and the mean ages 5 years.  

Mielography exam revealed affection of vertebral region between T10-T11 
and L4–L5. The most affected intervertebral disk was T12-T13 and L1-L2 and the 
lowest affected were T10 –T11 and L 4-L5. There was one affected disk in 11 dogs 
and two affected disk in five dogs. In only one case radiographic finding, calcified 
material in the intervertebral foramen, represent indicative finding for disk extrusion. 
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Myelographic signs consist in extradural mass located ventral in 12 cases, 
ventrolateral left in one case and vetrolateral right in three cases.  

One dog (5.8%) where euthanized at surgery. In this case the 
decompression was not possible due to ventral fibrous adhesion between extrudes 
material and the dura mater extendet over entire vertebral length (case 17). A long 
administration of anti-inflamathory products without exercise restriction or 
confinement was done prior to referral.  

After surgical decompression two cases were presented complications. In 
cases 9 the death of patient happened after 3 hours postoperatory. In cases 7 
treated ten days perioperatively with dexamethasone a bloody vomiting and 
diarrhea appear 12 days after surgery followed one day later for death. Intestinal 
erosion was found in descendent colon.  

 
Table 1 

Cases included in the study 
 

No. 
 

Race 
 

Age 
(years old) 

 
 

Sex 

Intervertebral 
Space/Spaces 

injuries 
(radiography, 
myelography) 

Time from the signs 
appearance to 

surgical 
decompression 

(days) 
1 Teckel 3 M T10-T11 3 
2 French bulldog 2 M T12-T13-L1 4 
3 Pekingese 3 F T13-L1-L2 3 
4 Miniature pinscher 3 M T12-T13 1 
5 Puli 4 M L3-L4 1 
6 Pekingese 7 M T12-T13 4 
7 Basset 6 M T11-T12-T13 10 
8 Mixed bred 10 M L3-L4 4 
9 Pekingese 4 M L1-L2-L3 5 
10 Poodle 4 F L1-L2 2 
11 American 

staffordshire 
8 M L1-L2 12 

12 Miniature pinscher 5 F L2-L3 left 4 
13 Poodle 9 M L4-L5 right 2 
14  Pekingese 5 M T11-T12 right 2 
15 Bichon 4 F T11-T12 right 3 
16 Poodle 4 F L3-L4 6 
17 Pekingese 6 M L1-L2 16 

 
In dogs undergoing surgery within first 48 hours after clinical appearance a 

favorable neurological outcome (score 4) were observed at one week after 
decompression in four of those five cases (4/5). For these four with voluntary motor 
function the mean time to ambulation was 7 days and deep pain perception returns 
between one and two weeks.  
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In paraplegic dogs with surgical decompression performed 48 hours after 
loss of deep pain perception no neurological improvement was registered at the 
same time.  

Case 8 have a compromised urinary and fecal continence and reduced 
ability to change his position. Despite of appropriate management, skin sores in the 
perineal region, decubital ulcers on ischiadic tuberosity and post-surgery worsens 
prognosis lead to euthanasia 22 days after surgery.  

Paraplegic dogs were evaluated for neurologically outcome monthly. At 
one month after surgery four of nine become weakly ambulatory (score 3 or 4) and 
at two month one case. Two cases did not present any neurological improvement 
and were discharged at owner solicitation.  

Cases 2 and 11 improved neurological score at three month after surgery, 
became weakly ambulatory and were hospitalized to five respectively four month.  

The mean time to ambulation was 52 days for these cases and deep pain 
perception was not returns at two weeks after surgery. Data obtained from the 
owner by telephone revealed for these dogs a progressive recovery until six month 
after surgery.  

Radiographically, a minimal reactive bone reaction was done in dogs 
undergoing unilaterally or bilaterally minihemilaminectomy. In dogs with 
hemilaminectomy a vertebral fusion in moderate ventral flexion were found at one 
month control (figure 2).  

 
 
 
 
 
 
 
 
a.  

 
 
 
 
 
 
 
b.  

 
Fig. 2. Laterolateral radiography: minimal bone reaction after pediculectomy (a) and 

body vertebral fusion after hemilaminectomy and fenestration (b) 
 
 In this study the recovery rate was 64.7 %, while a success rate between 0 
and 78% was reported (1, 3, 5, 7, 8). For dogs with surgery performed within 24 to 
48 hours (5 cases) the mean time to ambulation was 13 days and 52 days when 
surgery was performed over 48 hours (6 cases).  

Generally, the earlier surgery is undertaken the better chance for complete 
neural recovery and when patients requiring surgery should by made within 24 to 
48 hours of disk extrusion (6). Commonly recovery rate include 5% if operated 
longer then 48 hours (1). According to Seym (6) although the prognosis is 
unfavorable for complete recovery for patients with severe neurologic deficits 
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surgery is still a viable option when those have been treated medically for three to 
four days before referral. This may explain ouers results despite for many cases 
the decompression was performed after ideally period of time from onset of 
nonambulatory status and loss of pain sensation. 

Leitinen and Puerto (3) have found a 41.3% recovery rate after 
decompresive surgery in cases with no deep pain perception and consider results 
comparing with previous studies to by difficult because of the many variables 
including difficulty in estimating the duration of loss of deep pain perception. In 
authors opinion this may explain some of reported contradictory results.  

So Joaquim and col. (2) found electroacupuncture more effective than 
decompressive surgery when performed 48 or more hours after onset of clinical 
sings in cases with no deep pain perception. 

We do not diagnosed myelomalacia at surgery but this could explain the 
progressive sings in cases 8 with atonia, areflexia and analgesia of the pelvic limbs 
and abdominal muscles and anal flaccidity and areflexia.  

Death appeared to be more frequent with neck then thoracolumbar 
decompressive surgery do to accumulation of bronchial secrets and atelectases in 
ventral part of the lungs. Cardiac dysfunctions are also considered most common in 
spine surgery (4). These abnormalities were not observed during surgeries but may 
represent death cause in cases 9.  
 Gastrointestinal complication appeared frequently in dogs with 
thoracolumbar disk disease, the higher risk of the onset of ulceration and colon 
perforation was observed in male paraplegic patients treated with dexamethasone 
(4). A similar complication was registered in cases 7.  
 

Conclusions 
 

 The recovery rate, after decompresive surgery, for dogs with 
thoracolumbar disk disease and loss of deep pain perception was 64.7 %. The 
mean time to ambulation was lower (13 days) for dogs with surgery performed 
within 24 to 48 hours and higher (52 days) when surgery was performed over 48 
hours.  
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Summary 

 
Rabbit venous cannulation has many clinical and laboratory uses in drug 

administration for anaesthetic, medical and critical care purpose and in long term blood 
sampling. Arterial cannulation is used, in combination with venous cannulation, in rabbit 
cardiac output determination, for high quantity blood sampling, much safer than cardiac 
puncture. 

Although there are many scientific papers regarding rabbit intravenous and 
intraarterial drug administration, none present the technique in detail, evaluate them or 
present a clear opinion. For this study there have been used 7 rabbits sedated with fentanyl 
0.03mg/kg and droperidol 0.5mg/kg intramuscular and restrained. On each ear a vein and an 
arterial catheter have been applied. The study shows the simplicity, safety and practicability 
of this technique in clinical practices and in laboratory research.  

Key words: cannulation, intraarterial, intravenous, rabbit 
 
Venous and arterial catheterizations are often used in veterinary medicine, 

in clinical and laboratory practice. Venous cannulation is used for blood sampling, 
anaesthetic administration, drug administration, fluid therapy. Many superficial veins 
may be cannulated in small mammals: cephalic vein, femoral vein, medial and 
lateral saphenous vein, auricular vein (just in rabbits and Guinea pig). Arterial 
cannulation can be used for arterial blood sampling, high volumes of blood 
samples, for invasive arterial pressure measurement, or for cardiac output 
assessment (LiCO measurement) together with a venous cannula. Ears play an 
important role in rabbit’s thermoregulation. This is why auricular artery and vein are 
highly developed, but also very sensitive.  

Materials and methods 

Six healthy young adult rabbit females conducted the research, all normal 
laboratory white breed. Food and water were not withheld prior to premedication. 
They were kept in a controlled environment. All rabbits were premedicated with the 
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same dose of fentanyl 0.0125mg/kg and droperidol 0.625 mg/kg (1,5,6,7) 
intramuscular in the lumbar region 15 minutes prior to cannulation and kept in a 
special contention box (Fig. 1.). Both ears were shaved and disinfected with 
chlorhexidine soap and alcohol to be prepared for vein and artery cannulation. For 
catheterization we used 22G catheters (blue) (2,3,4). For a better fixation of the 
cannula to the ear, we hand-made an ear support with 2 folded pads bonded 
together with adhesive tape.  

 
Fig. 1. Contention box 

For vein catheterization we use lateral auricular vein. A second person or a 
tourniquet is needed it to make venous stasis at the base of the vein. With the left 
hand we hold the ear between index and thumb. The index will stay under the ear 
at the level were we will introduce the catheter on the opposite side so the first 
puncture will be very precise. The thumb will rest on the dorsal part of the ear 
behind the puncture place and will use to hold still the vein when is punctured (Fig. 
2.). The skin will be punctured in a 45 degree over the vein and when the blood 
appears at the end of the stylet the cannula will be passed over the needle into the 
vein. A hematoma will appear if the needle passes through the vein under it. In this 
case we will retract the needle and will redirect more superficial. After retraction of 
the needle, the cannula will be closed with an stopper or better with an obturator, a 
plastic stylet which will remain all along the cannula preventing blood coagulation 
(2,3,4). 
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Fig. 2. Vein cannulation  

 
Fig.3. Fixing the cannula 

For arterial catheterization we use auricular artery situated centrally. The 
catheterization technique is the same with the only difference that is no need for 
stasis and is important to obdurate fast the cannula and prevent blood lost (2,3,4). 

 

 
Fig. 4. Arterial cannulation 
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For fixing the cannula (Fig. 3.) we use an ear support on the internal part of 
the auricle and two adhesive tapes applied over the catheter, auricle and ear 
support. The cannula may remain there as long as it needs, but will be removed 
when it becomes painful or when the animal has fever. If the catheter is left in place 
for several days, it should be bandaged to be defended from hind limb scratches.  

Results and discussions 

For this rabbits we studied arterial and venous catheterization made by an 
experience and by an inexperienced person so that we can evaluate the difficulty of 
this technique. Experienced person tried to apply arterial and venous catheters on 
all 8 rabbits, and the inexperienced person on 4 rabbits.  

The experienced personnel had a rate of success of 87.5% from first 
attempt and 100% from second attempt, for both arterial and venous. This means 
that from 8 rabbits, 7 of them were catheterized from first attempt. An important fact 
is that the first attempt failure took place at the last rabbit and the cause might be 
personnel tiredness. Mean time spent on preparations and catheterization was 2 
minutes, and the real mean time spent on catheterization was 40 second. 

The untrained person made 4 attempts on each rabbit without success. 

Conclusions 

Rabbit arterial and venous ear catheterization is a simple and useful 
technique which can be efficiently realized by qualified and experienced personnel. 

Subcutaneous premedication with fentanyl and droperidol facilitates an 
easy and a comfortable ear catheterization.   

This technique should be implemented in laboratory and clinical facilities 
for drugs administration and blood sampling.  

Intravenous drug administration in rabbits has the advantage of a reduced 
drug dose used and a better controlled effect along with the fact that some drugs 
(ex. propofol) can be administrated only intravenous. 

Blood sample by arterial puncture is a much better technique than the 
cardiac punctured from the animal welfare point of view.  
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Summary  
 

In the canine normothermic patients undergoing abdominal surgical interventions or 
osteosynthesis throughout the period of 01.10.2009-01.10.2011, the rectal temperature 
dynamics has been analyzed. It is found that the temperature dropped at least in the 
ovariohisterectomy, values are significantly different from all other abdominal surgical 
interventions. The body temperature drops significantly in the femoral compared with the 
humeral osteosynthesis. Despite the fact that the length of osteosynthesis is significantly 
higher than the length of abdominal surgeries (105±18 minutes versus 80±19 minutes) body 
temperature drops significantly in the last situation (34.7±10C to 35.3±0.60C). In all cases the 
temperature was within the values considered to represent mild hypothermia. Intravenous 
infusion of electrolyte solutions heated at a temperature of 390C is not sufficient to avoid a 
decrease in body temperature. 

Key words: dog, postoperatory, hypothermia 
 

Perioperative hypothermia is a common complication in human medicine 
that occurs in approximately 60-80% of cases. Its incidence in veterinary medicine is 
not documented, but is probably almost identical to that in human medicine (1). Even 
if hypothermia occurs frequently in anesthetized animals so far there are no studies 
indicating the precise value from which this reduction is clinically significant (2). 

Intraoperative hypothermia should be considered a serious complication of 
anesthesia in small animals (5). It occurs as a result of the abolition of behavioral 
reflexes, reduced metabolism and decreased muscle tone induced by anesthetics, 
along with increased heat loss following preparation of the surgical field involving 
hair removal, application and evaporation of antiseptic solutions, contact with cold 
surface of the operating table, intravenous unheated fluids administration, 
vasodilatation and heat loss from exposed body cavities (4, 5). Low temperature in 
most operating rooms plays an important role in the development of hypothermia. 
Prolonged anesthesia and surgical procedures increase the likelihood of 
occurrence and the severity of hypothermia (1). 
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Materials and methods 
 
After consulting the medical and anesthetic records throughout the period 

01.10.2009-01.10.2011, were included in the study all canine normothermic 
patients undergoing abdominal surgical interventions or osteosynthesis. The rectal 
temperature was monitored and the values at the beginning of anesthesia, 
immediately after the premedication, and at the end of the surgery, when inhalatory 
agent administration was ceased, were noted. A correlation with age, sex, stature, 
type of surgery and length of anesthesia was made. 

In the study were included only cases in which for a certain type of surgery 
was applied the same anesthetic protocol, meaning inhalatory general anesthesia, 
and the length of anesthesia, considered between premedication and the end of 
inhalatory agent administration, exceeded 45 minutes. 

From the study were excluded the cases with perioperatory hypothermia or 
hyperthermia and patients in shock state. 

As a standard method for preventing hypothermia intravenous saline or 
Ringer solutions heated at approximately 390C, from the onset of anesthesia until 
the end of surgery, were used. 

Statistical analysis was performed with Student t-test, for values of p≤0.05 
considering significant differences. The resulting data were expressed as mean ± 
standard deviation. 
 

Results and discussions 
 

 Among total number of surgical interventions - 997 - performed in the FMV 
Timisoara during that period, cases included in this paper were in number of 196, 
representing 19,65% of total casuistry. 
 Distribution by age, gender and stature is represented in Table 1, and body 
temperature dynamic and anesthetic length in Table 2. 
There are no differences statistically significant in terms of age, gender and size 
between the two surgery groups, namely abdominal surgery and osteosynthesis. 
 Relatively small number of cases related to age, gender and size 
subcategories did not allow a statistical correlation with a specific type of surgery 
and temperature dynamics. 
 Anesthesia length was significantly different in abdominal surgery group (p 
<0.05), except for intra-abdominal tumors surgery and mammary tumors with 
ovariohysterectomy (p=0.16), and between gastrotomy and 
enterotomy/enterectomy (p=0.19). The shortest time was recorded for 
ovariohysterectomy and longest for gastric volvulus with splenectomy (see Table 
2), explained by difficulty degree obviously higher for the second type of 
intervention. 
 It is found that the temperature dropped at least for ovariohysterectomy, 
values are significantly different from all other abdominal surgery. Also, significant 
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differences in rectal temperature at the end of interventions were found between 
gastrotomy and gastric voluvulus with splenectomy, intra-abdominal tumors and 
mammary tumors with ovariohysterectomy in which values were significantly lower 
(p=0.02, p=0.015 and p=0.0001). Significantly lower temperatures at the end of 
surgery were in case of ablation of mammary tumors with ovariohysterectomy 
compared with enterotomy/enterectomy (p=0.03). 

 
Table 1  

The casuistic included in the retrospective analysis (number of individuals) 
 
 
 

Surgical intervention 

 
Age group 

 

 
Gender 

 
Size** 
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Gastric volvulus with 
splenectomy - 1 - 4 5 - - - 5 - 

Gastrotomy 1 1 4 - 1 5 - 4 2 - 
Enterotomy/ente-

rectomy 1 1 2 1 2 3 - 2 1 2 

Intra-abdominal tumors - - 5 5 7 3 - 3 7 - 
Mammary tumors and 
ovariohysterectomy - - 10 39 49 - 5 27 16 1 

Ovariohysterectomy 2 10 13 5 30 - 1 18 9 2 
Total individuals 4 13 34 54 94 11 6 54 40 5 

Osteosynthesis for 
Femoral fractures 22 14 10 5 22 29 4 32 11 4 

Osteosynthesis for Tibia 
and Fibula fractures 6 5 3 - 7 7 2 9 1 2 

Osteosynthesis for 
Humeral fractures 2 2 6 2 6 6 - 4 7 1 

Osteosynthesis for 
Radius and Ulna 

fractures 
3 3 5 3 7 7 2 10 2 - 

Total individuals  33 24 10 10 42 49 8 55 21 27 

Difference between two 
categories of surgical 

interventions  
(p value) 

 
 

0.41 

 
 

0.45 

 
 

0.27 

*over 6 years in large breeds, over 8 years in medium and small breeds, over 10 years in toy breeds 
** large size - 65 cm form the ground to the highest part of the body; medium - 50-65 cm; small -35-50 
cm; toy - under 35 cm. 

 
 The length of femur osteosynthesis is significantly higher compared to all 
other studied body regions osteosynthesis (p<0.05). Regarding the lowering of the 
body temperature, it drops significantly in the femoral fracture osteosynthesis 
compared with humeral fracture repair (p=0.03). 
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Despite the fact that length of anesthetic period needed for osteosynthesis 
performing is significantly higher (p=1.9x10-17) compared with those necessary for 
abdominal surgery (105±18 minutes versus 80±19 minutes), temperature body 
decreases significantly in abdominal surgery (p=4.2x10-7), a phenomenon explained by 
the increased heat loss due to exposure of abdominal viscera. In all cases the 
temperature drops within the ranges considered to be mild hypothermia (1) without 
reaching in any case its lower limit of 320C. The temperature decrease is consistent 
with data reported in literature (5, 7) and was recorded without exception in all cases. 
The low amplitude of temperature decrease can be explained by counter-measures 
implemented, meaning the IV infusion of heated fluids throughout the anesthetic 
period, this being also one of the preventive measures recommended (3, 5, 6). 
However by itself infusion of warm solutions proves insufficient to avoid hypothermia, 
as evidenced by statistical data obtained. 

 
Table 2  

Body temperature dynamic and length of anesthesia  
(mean ± standard deviation) 

 
Surgical intervention 

Rectal temperature (oC) 
 Length of 

anesthetic period 
(minutes) 

Immediately after 
premedication (start of 

anesthetic time) 

At the end of surgery 
when stops delivery of 

the inhalatory agent 
Gastric volvulus with 
splenectomy (n=5) 38.5±0.5 33.8±1 117±16 

Gastrotomy 
(n=6) 38.9±0.2 35.1±0.8 67±5 

Enterotomy/enterectomy 
(n=5) 38.8±0.4 34.6±0.6 69±10 

Intra-abdominal tumors 
(n=10) 38.5±0.4 34.3±0.5 87±15 

Mammary tumors and 
ovariohysterectomy 

(n=49) 
38.4±0.3 34±0.6 92±8 

Ovariohysterectomy 
(n=30) 38.7±0.2 35.9±0.5 57±6 

Osteosynthesis for 
Femoral fractures 

 (n=51) 
38.9±0.2 35.2±0.5 114±19 

Osteosynthesis for Tibia 
and Fibula fractures 

(n=14) 
39±0.2 35.3±0.7 93±8 

Osteosynthesis for 
Humeral fractures  

(n=12) 
38.8±0.2 35.5±0.5 93±6 

Osteosynthesis for Radius 
and Ulna fractures  

(n=14) 
38.8±0.2 35.2±0.5 95±9 
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Conclusions 
 
Body temperature drops to mild hypothermia during abdominal surgery and 

during limbs osteosynthesis performed under general inhalatory anesthesia. 
Despite the fact that length of osteosynthesis is significantly higher 

(p=1.9x10-17) compared with abdominal surgery, body temperature drops 
significantly for the latter (p=4.2x10-7). 

Intravenous infusion of electrolyte solutions heated at a temperature of 
390C is not sufficient to avoid a decrease in body temperature. 
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Summary 

 
The study was made on 6 dogs of different breeds, their age varying between 2 

months and 13 years, which were brought to be consulted after developing specific signs for 
cardio – respiratory conditions. The studied cases’ pathology included pulmonary stenosis, 
dilatative cardiomyopathy, cardiac tumor and valvular endocardiosis. To diagnose the 
cardiac conditions, aside from the clinical exam, imagistic methods of diagnosis were used: 
cardiothoracic X-ray and echocardiography, these two methods being vital in the diagnosis 
and prognosis protocol for the patient. 

Key word: dog, cardiac disease, radiography, echocariography 
 

To establish a certain diagnosis and to differentiate between the congenital 
conditions and the acquired ones, the cardiologic examination protocol involves 
using imagistic methods, such as thoracic X-ray, the simple echocardiographic 
exam and the Doppler mode. Neither of the two imagistic methods rule out the 
other, but they complete each other through the evaluation of straightforward 
simptoms (pointing out the cardiac changes) and the secondary signs (that are a 
consequence of the cardiac changes). 
 

Materials and methods 
 

Six dogs were included in this study, of different breeds and ages, that 
were showing signs of cardiorespiratory failure, such as coughing, exercise 
intolerance, syncope. There were four males and two females, their breeds being 
German Shepherd, Irish Setter, King Charles Spaniel, French Bulldog, Golden 
Retriever and Doberman, their ages varying between 2 months and 13 years. The 
patients were examined in FMV Iasi’s Radiology and Medical Clinic and in “La 
Roseraie” Clinic, in Tourville, France. Each patient had a clinical examination chart 
prepared that also included the imagistic paraclinical evaluation, cardiothoracic X-
ray and echocardiography. The echo – Doppler exam was applied only in three of 
these cases.  

The radiological examination was made on the alert animals, in lateral 
decubitus and in ventral decubitus, to attain the lateral and front X-ray pictures (5). 
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As a technical material, for the X-ray examination there were used a Roentgen 
Eltex 400 device and a mobile Roentgen Intermedical Basic 4006 device. 
 The echocardiographic examination was made on alert animals in a 
standing position, on the left and right thorax. The echographic examination was 
taken in bidimensional mode, M-mode (motion mode) and colored Doppler, using 
two types of ultrasonographic devices, model MyLab30 Vet Gold and ESAOTE 
Aquila.  

 
Results and discussions 

 
The six patients were grouped according to their diagnosis as in the 

following chart: 
 

Table 1 
Patients and pathologies that were taken in study 

Current 
No 

Breed Age Sex Diagnosis 

1. King Charles 
Cavalier 

8 years M Valve disease 

2. Irish Setter 13 years F Valve disease 

3. Doberman 7 years F Dilatative 
caridiomiopathy 

4. German 
Shepherd 

8 years M Cardiac tumour 

5. Golden retreiver 1 year M Pulmonary stenosis 
6. French Bulldog 2 months M Pulmonary stenosis 

 
Pulmonary stenosis was diagnosed in two of the studied dogs. This 

condition was suspected based on the clinical exam and the age of the patients. 
The dogs were brought to the clinic following a decline in their general condition 
and the onset of exercise intolerance. In auscultation, a whiffing sound of a 4/6 
degree was identified in the auscultation centre of the pulmonary valve.  

The lateral radiological view showed a dilatation of the main pulmonary 
artery and the augmentation of the heart’s projection area. In dorsal view, the same 
aspects were noticed, with the augmentation of the main pulmonary artery between 
12 and 1 o’clock. 

The echographic examination was made in bidimensional, moving and 
color Doppler modes. When examined in the bidimensional mode, a narrowing of 
the pulmonary orifice was observed along with pulmonary valve cusps that were 
barely visible and with a low mobility, the main pulmonary artery dilated 
downstream of the pulmonary orifice and the right ventricular cavity slightly 
enlarged. In the color Doppler examination, a high and turbulent systolic pulmonary 
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flux was observed, with a maximum speed of 5.9 m/s and a pressure gradient of 
140.7 mm Hg (fig. 1).  
 

 
 
 
 
 
 
 

 
 
 
 
 
 

Fig.1 Transversal section through the aorta and pulmonary trunk, highlighting the 
pulmonary valve foils. Note the modified aspect of these foils and the dilation of the 

main pulmonary artery. B. Doppler color echography that marks the turbulent 
aspect of the pulmonary flux and the measuring of blood pressure and speed while 

passing through the stenosed orifice (image after DMV Fabrice Herbert). 
 

Pulmonary stenosis is one of the most frequent congenital cardiac 
diseases in dogs and can be diagnosed from the first month of life, by the presence 
of a left systolic whiffing sound perceptible at the base of the heart(1). The 
radiological exam indicated the visualization of the dilated main pulmonary artery 
with pulmonary hypertension, consequences of the stenosed pulmonary orifice. 
The echocardiographic exam comes with complementary certain information in 
valvular modifications, but also the haemodynamical modifications determined by 
the stenosis. The echo-Doppler allows the examination of pulmonary blood flow 
and a complete evaluation of the blood speed and pressure, aspects that interfere 
in knowing the stenosis grade and the disease presumption (3, 6). 

Dilalative cardiomiopathy diagnosed in a Doberman female, which was 
presented to the doctor after showing signs of effort intolerance and night cough 
crises, was suspicioned after the heart auscultation, which marked a sinusal 
tachycardia (cardiac frequency was 180 bpm) and a 5/6 grade left apexian systolic 
blow. 

Lateral radiological view showed the augmentation of the left heart 
projection area, dorsally displacing the tracheo-bronchial tree and a broncho-
alveolar infiltration in the caudal lung lobes (fig. 2). 

M-mode echocardiographic exam in the right parasternal section, through 
the papillary muscles, showed the left ventricle cavity dilatation, in systole (55mm) 

A 
B 
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and in diastole (69.9 mm) reducing the capacity of miocardic contraction, 
shortening fraction being under the lowest reference limit (21%).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 M-mode echocardiography - right parasternal section through the papillary 
muscles showing the augmentation of the left ventricle cavity in systole and 

diastole, the left ventricle wall and the inter-ventricular septum are thinned, and the 
contraction capacity in systole is reduced. B. Right parasternal section through the 
base of the aorta, showed the left atrium dilatation, LA/Ao ratio being equal to 1.8. 

 
Primary dilatative cardiopathy is a frequent pathology in Doberman breed 

dogs, highly studied these days. The B- and M-mode echographic evaluation 
allows the evaluation of the cardiac muscle contractility, a first and very important 
criteria of difference between primary and secondary cardiac dilatation, the systolic 
and diastolic ventricular cavity dimension and the left ventricle’s free wall thickness 
(2, 3). All these signs allow the evaluation and the establishment of primitive dilated 
cardiopathy grade in Dobermans (2, 3). The radiological examination in this type of 
pathology offers important information in evaluation of the heart comparing to the 
other organs in the thoracic cavity and the signs of left heart insufficiency.  

Cardiac tumor has been diagnosed in one patient, German shepherd 
breed, male, 8 years old, presenting cardiac insufficiency symptoms, with effort 
intolerance, bad condition and loss of appetite. The presence of pericardial liquid 
was suspected after the auscultation, which indicated very slight cardiac noises 
(Fig. 3). 

Radiological examination has been made on the animal lying on the left 
lateral side and sterno-abdominal side. On the lateral view, the cardiac volume 
augmentation has been observed, with the elongation space of contact between 
the right ventricle and the sternum and the tracheo-bronchial tree dorsally 
displaced. In the dorsal view a great augmentation of the cardiac silhouette has 
been observed, occupying almost all the thoracic area. 

A 
B 
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The cardiac tumor was echographic diagnosed by the presence of a 
irregular hyerechogenic element, placed at the base of the right side of the heart, 
easily observable because of the presence of a large quantity of pericardial liquid. 

 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 3. Dorsal radiographic cliché – modification of the cardiac silhouette showing 
an enlargement of the pericardial membrane. B. B-mode, transversal section 

echography – the arrow marking a hiperechogenic structure on the base of the 
heart. The hypoechogenic aspect around the heart represents pecicardial effusion 

in a large ammount. 
 

Hemangiosarcoma is a vascular endothelial tumor with cardiac tissue high 
specificity and a high grade of malignity. Literature specifies that the most common 
affected breed is represented by German Shepherd usually aged (10 years) (3,6). 
Cardiac tamponade is critical and needs the immediate extraction of the pericardial 
liquid. In this case, right after the radiological exam which indicated the presence of 
pericardial effusion, the pericardiocentesis was executed, under echographic 
control. Diagnostic echocardiography allowed the visualization of the tumor located 
at the base of the right heart. 

Valvular disease was diagnosed in one patient, Cavalier King Charles 
breed, male, 8 years old and one female, Irish setter breed, 13 years ole, both 
developing symptoms like night cough crises and severe effort intolerance. As part 
of clinical examination, the auscultation indicated in the spot of the mitral valve, a 
left apexian systolic blow, 6/6 in intensity. 

The lateral radiographic view showed an augmentation of the left cardiac 
area and the tracheo-bronchial tree dorsally displaced, modifying the angle 
between the trachea and the thoracic spinal column. The dorsal view shows a 
dilatation of both sides of the heart, with a large contact area between the heart 
and the diaphragm. 

Echographic examination, in the longitudinal section, viewing the four 
cardiac chambers, the thickened and irregular mitral valvula can be observed. The 
consequences of the mitral reflow can be observed in the dilatation of the left 
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atrium, which can be evaluated measuring the proportion between it and the aorta, 
seen in transversal section through the heart’s base. In this case, the atrium is two 
times larger than the aorta (fig 4). 

 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 A. and B. Face and profile radiological view at Cavalier king Charles. 
Cardiomegaly, left atrium dilatation, with tracheo-bronchial tree dorsally displaced, 

pulmonary edema and pulmonary hypertension. C. Right parasternal section, 
longitudinal view. Thickened and irregular mitral valve, abnormal closing and slight 

moving into the left atrium during the systole. D. Right transversal parasternal 
section view through the left heart. Enlarged left atrium (LA) cavity almost big as 

the left ventricle (LV) cavity. Cordage tendinae (CT) are hyperechogenic, thick and 
with an irregular aspect. Thickened parietal mitral valve (Mp) leaflet 

 
Mitral valvulopathy is a degenerative disease of the valvular cuspids, 

occupying the first place in dog’s gained cardiac diseases. Most frequently, the 
small breed males are affected, but along with aging the females and other breeds 
dogs make no exception (2,3). Radiological, this pathological form cannot be 
diagnosed because only the heart area augmentation and its consequences can be 
observed. Ecocardiographyc, the degenerative aspect of the valvular cuspids can 
be observed.  
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Conclusions 
 

The echography improves the knowledge in cardiac pathology, not only by 
observing the heart lesions, but also by evaluating the consequences of blood 
dynamic, two necessary and important conditions in disease presumptions and the 
establishment of a treatment.  

Performing an diagnostic of certitude in some of the endocardic diseases, 
such as pulmonary stenosys or valvular diseases, the echographic exam is able to 
offer excellent imagistic information and exact measurements. 

Radiography in lateral and dorsal view is highly recommended as a primary 
exam in dilated cardiopathy, offering information about the cardiac silhouette as a 
primary sign and pulmonary information as secondary symptoms. 

The radiographic exam is channeling the case a to the next paraclinic 
exams, such as echography or electrocardiogram and offers a complete view of the 
thoracic cavity, of the heart and lungs, together, information highly representative in 
cardio-respiratory diseases. 
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Summary 
 
 In veterinary medicine, computed tomography (CT) is one of the most commonly 
used methods for imaging the spine because it provides a detailed examination of the spinal 
cord and surrounding tissues.  
 The aim of this study was to assess thoracolumbar lesions in a number of dogs 
studied during the year 2011. 
 There were retrospectively evaluated CT studies from 30 dogs of different breeds 
(mean age= 6.23 years) presented at the Interdepartmental Center of Radiology in the 
period January - December 2011, with suspected thoracolumbar vertebral or spinal cord 
lesions. The CT studies were performed without contrast medium in 27 patients, with 
contrast medium in subarachnoid space (CT- myelography) in two dogs, and in two patients 
before and after i.v. administration of contrast medium (Iopamidol 370mgl/ml). In one dog 
both intravenous and subarachnoid administration of contrast medium were used. 
 There were found 46 disc herniations, 10 degenerative spondylopathies, 5 vertebral 
malformations, 4 vertebral neoplasia, 4 disc degenerations (mineralization and/or vacuum 
phenomenon), 4 subdural and epidural hemorrhages, 2 spinal cord degenerations 
(degenerative myelopathy), 2 radicular neoplasia and 2 discospondylitis. In our sample, 
there was a prevalence of intervertebral disc herniation and in many cases the same dog 
showed multiple localizations. Usually, disc herniations were clearly visible without contrast 
medium, causing different degrees of spinal cord compression. 
 In conclusion, CT demonstrated to be a valuable diagnostic tool for detection and 
characterization of thoracolumbar spinal lesions in dogs. 

Key words: CT, thoracolumbar spine, dog, herniated disc 
 
 Nowadays, computed tomography is an indispensable imaging method for 
the diagnosis of vertebral or spinal cord lesions in small animals. One of the 
strengths of CT is its use in the evaluation of bony changes. Thoracolumbar level is 
exposed to congenital, neoplastic, degenerative, inflammatory or traumatic lesions. 
 

Materials and methods 

During the January to December 2011, thirty dogs suspected to have 
thoracolumbar spinal injuries were examined using CT. 
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Mixed breed dogs were the most common, with 9 individuals. Other breeds 
included the German Shepherd (8), Bichon Maltese (2), Dachshund (2), French 
Bulldog (2), Labrador (2), and 1 each of other breeds (Beagle, Cocker Spaniel, 
Pekingese, Rottweiler and Yorkshire Terrier). Twenty one male (twenty intact and 
one neutered male) and nine female (four intact and five neutered females) dogs 
were included. The mean age was 6.23 years (range 2 - 12 years). The mean 
weight was 19.7 kg (range 4.5 - 50 kg). A neurological examination was performed 
on all animals at the time of admission to hospital. 

The CT studies were performed using a helical (single layer) CT scanner 
(GE Prospeed). During the imaging procedure, all dogs were maintained in dorsal 
recumbency and under general inhalation anesthesia. Following the scout image of 
the thoracolumbar level, obtained in a lateral view, all the intervertebral spaces 
between T3-T4 and L3-L4 were studied by a single transverse subtle slice passing 
through the endplates of vertebral bodies.  Once the lesion site was suspected, the 
corresponding tract (two or more vertebral bodies) was studied using subtle 
contiguous slices (1 or 3 mm). Slice thickness varied between dogs, depending on 
body size and length of the studied segment. CT settings were 120 kVp, 100 - 160 
mA, with a scan time of 2 seconds per slice. CT window level (WL) and window 
width (WW) settings varied according to the examined tissues. For assessing 
tissue density, on the transverse CT images, Hounsfield Units (HU) were measured 
in a Region of Interest (ROI). In some cases, for achieving more information, 
Multiplanar Reformatting images (MPR) were obtained. CT studies were performed 
without contrast medium in 27 patients, with contrast medium in subarachnoid 
space (CT- myelography) in 2 dogs, and in 2 patients before and after i.v. 
administration of contrast medium (Iopamidol 370mgl/ml; 1 ml/kg). In one dog both 
intravenous and subarachnoid administration of contrast medium were used. 

All the transverse images were assessed for the presence of spinal cord or 
vertebral or intervertebral spaces lesions (i.e. spinal cord compressions, disc 
herniations, spinal cord or vertebral neoplasia, etc.). 

 
Results and discussions 

 
On a CT transverse scan, the spinal cord is round-shaped, surrounded 

dorso-laterally by epidural fat and ventrally, by two nerve roots; usually, its density 
is between 30 - 40 HU (Fig. 1). The vertebral bone tissue shows a regular and 
uniform cortical bone and a homogeneous trabecular bone. The intervertebral disc 
appears as a hypodense round-shaped tissue between two vertebral endplates. 
MPR images into a dorsal or sagittal plane may help to visualize the relationship 
among the spinal cord, vertebrae and surrounding tissues. 

The thirty dogs included in this study had a total of 46 disc herniations, 10 
degenerative spondylopathies, 5 vertebral malformations, 4 vertebral neoplasia, 4 
disc degenerations (mineralization and/or vacuum phenomenon), 4 subdural and 
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epidural hemorrhages, 2 spinal cord degenerations (degenerative myelopathy), 2 
radicular neoplasia and 2 discospondylitis. 

There was a prevalence of intervertebral disc herniation (30 Hansen type 
II; 16 Hansen type I) and in many cases the same dog showed multiple 
localizations of lesions. Disc herniations were clearly visible without contrast 
medium, causing different degrees of spinal cord compression (Fig. 2). 

 

 
Fig. 1. CT transverse image - normal aspect of thoracic vertebra and spinal cord 

(T10-11) 
 

The diagnosis of intervertebral disc herniations using non-contrast CT 
scans is beneficial to the dog because it avoids the injection of contrast medium 
into the subarachnoid space, potentially damaging the injured spinal cord further. 
Another advantage is that it is quick to perform and so reduces anesthesia time. 
Non-contrast CT scans of the spine can be useful in the diagnosis of acute 
intervertebral disc herniations in chondrodystrophoid breeds of dog (6). 

Most intervertebral disk extrusions are spontaneous and are not associated 
with any traumatic event. In dogs, about 80% of thoracolumbar extrusions or 
protrusions occur between the T10 and L3 vertebrae. This may relate to the 
increased motion of the vertebral column at this level compared with the more 
stable thoracic area (1). 

Dogs with disc herniations showed at the same time multiple intervertebral 
disc degenerations (i.e. mineralization or vacuum phenomenon) (Fig. 8). In small 
sized dogs, due to the thicker intervertebral space, it was often difficult to make a 
differential diagnosis between disc mineralization and partial volume artifact. Disc 
degeneration is common in all dog breeds, but the chondrodystrophic breeds are 
affected more frequently (3). In our study, calcification discs and vacuum 
phenomenon were presented in four dogs. The vacuum phenomenon appears 
when gas (nitrogen) from extracellular fluid accumulates in a space caused by 
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distraction of opposing surfaces. In CT images gas is characterized by its markedly 
decreased opacity (4). 

 

 
Fig. 2. MPR (bone window) - Mild (A) and severe (B) intervertebral disc herniation 

 
One Cocker Spaniel and one mixed-breed dog presented subdural/epidural 

hemorrhage due to disc herniation. Subdural/epidural hemorrhage appears as a 
relatively hyperdense material surrounding the spinal cord. CT images suggest that 
subdural/epidural hemorrhage can extend cranial and caudal to the disc herniation, 
over a number of vertebrae (Fig. 3). 

In three dogs (one Rottweiler and two mixed- breed dogs (range 7 – 11 
years) spinal cord and vertebral degenerations associated with neoplasia were 
observed. 

Differentiating between intradural/extramedullary lesions and 
intramedullary lesions can be important regarding treatment of these lesions. 
Dorsal and sagittal plane reconstruction of the CT images may also help enhance 
lesion detection and exact anatomic classification, particularly for differentiation of 
spinal cord neoplasms (Fig. 4). 
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Fig. 3. MPR (soft tissue window) - Subdural haemorrhage at the level of L2-L3 and 

L3-L4 
 

 
Fig 4. MPR (bone window) - Note the central bone lysis and the periosteal 

proliferation on ventral surface of the T13 vertebral body. At the same time, a mild 
periosteal proliferation on the pavement of T13 vertebral canal causes a discrete 

extradural compression of the spinal cord 
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It has been suggested that the administration of intravenous contrast 
medium may enhance intramedullary neoplasms (7). 

In order to evaluate the degree of attenuation of the spinal cord, a region of 
interest (ROI) was chosen (Fig. 5).  

 

 

Fig. 5. Root neoplasia: CT transverse scan of a CT-myelography at level of T1-T2. 
A- pre-contrast; B- post-contrast. ROI shows a weak contrast enhancement (pre-

contrast: 74.5 HU; post-contrast: 77.9 HU) of the compressive lession 
 

 In a French bulldog male of 3.5 years, multiple vertebral malformations, like 
hemivertebra ("wedge-shaped" vertebra) and butterfly vertebra, were found at the 
level of the thoracic spine (Fig. 6). These malformations are commonly detected in 
brachycephalic breeds, especially in those that also have screw tails. The most 
commonly affected site is the mid thoracic region of the vertebral column (2). A 
German Shepherd male of 8 years, showed multiple dorsal process laterally 
deviated. In our experience, this malformation is occasionally found and usually, it 
is not correlated with any spinal cord injuries. 

 

 
Fig. 6. MPR (bone window) - hemivertebra (white arrow) and butterfly vertebra 

(white arrowhead) 
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Two German Shepherd dogs, one intact male and one neutered female, 
both 9 years of age, were suspected of degenerative myelopathy after CT 
examination. They showed multiple foci of spondylopathies, small disc protrusions 
and several regions of spinal cord atrophy and deformity (Fig. 7) (5). 

 

 
Fig. 7 Transverse CT images obtained at T12-T13 (soft tissue window). A- normal 
spinal cord; B- spinal cord atrophy in dog with suspect degenerative myelopathy: 

spinal cord is narrowed and has a polygonal shape. 
 

  
Fig. 8. MPR sagittal reconstruction of disc herniations and disc degenerations; A – 
Disc herniation (Hansen type I) (*) at level of T10-T11 and mineralization at level of 

T12-T13 (white arrowhead). B – Disc protrusion (Hansen type II) (black 
arrowheads), spondylopathy (white arrows) and vacuum phenomenon (black 

arrows) at level of T13-L1 and L1-L2. 
 

Conclusions 
 

Computed tomography demonstrated to be a valuable diagnostic tool for 
detection and characterization of thoracolumbar spine lesions in dogs. 
 MPR images may help to understand better the connections between the 
spinal cord, vertebral bodies and surrounding tissues. 
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The administration of intravenous contrast medium may enhance 
intramedullary neoplasms. 

A correct CT diagnostic may provide a good therapeutic care. 
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Summary 

 
This paper has been achieved in the Clinic of the Veterinary Medicine Faculty in 

Bucharest in a bitch of the Cocker breed, aged 14. The female has been subjected to a 
general clinical investigation, completed with the X-ray, necropsy and anatomopathological 
examination. 

 At the clinical examination were found several mammary tumoral lesions on both 
chains: on the right mammary chain M1-M5 and on the left mammary chain M2- M5; having 
various dimensions, with an ulceration M1, associated with right axillary lymphadenopathy. 
From the anamnesis the following have been found out: lack of ovariohysterectomy, multiple 
false nursing, dry cough for about two months (3-4 times/day). 

The X-ray examination has highlighted the presence of many radio-opaque areas of 
variable dimensions spread on the whole pulmonary surface (multiple pulmonary metastases).  

The death of the bitch occurred naturally, three weeks after the arrival at the clinic, 
the result being caused by a physical and functional exhaustion. At the necropsy it was 
highlighted the presence of the metastases in different organs: lung, heart, epiploon, liver, 
spine, kidney. 

The anatomico-pathological examination (cytologic and histopathological) in the 
organs with lesions, has highlighted the presence of a malignant epithelial tumor, the 
diagnosis being of mammary carcinoma, complex type and has confirmed that the 
metastases found at a distance have the same origin.  

Key words: bitch, mammary tumors, metastasis 
 
The mammary tumors are the most frequent type of cancer in bitches and 

many times it becomes fatal due to the development of metastases at a distance. 
Histologically, about 50-60% out of the total of the mammary tumoral lesions are 
considered malignant (1, 8, 11).  

The metastasis is the final step in the development of the cancer of the 
mammary gland, usually leading to death. The metastatic dissemination is not clearly 
defined yet. The metastasization represents the circulation of the tumoral cells from 
the primary tumor (by the lymphatic and blood vessels) towards the target organ (19). 

The mammary tumors form metastases especially in the lung (60-80% of 
the observed metastases), but also to other organs: lymph nodes, surrenal glands, 
kidney, heart, bones, liver, brain, eyes, spleen, uterus, serous (3, 6, 12, 17). 
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Ocasionally, the skin can also be a place for metastases of the canine mammary 
tumors, causing the cutaneous carcinomatosis (12). 

During its development, the mammary carcinoma, like other malignant 
tumors, can trickle in the adjacent tissues and can generate metastases in the 
regional lymph nodes and at a distance, as well as in different organs. The 
mammary carcinoma represents a tumor with a high hematogenous and/or 
limphatic dissemination tendency. The probability for such a dissemination 
increases if metastases have previously found at the level of the limph nodes. In 
certain cases, the occurrence of metastases at the distance was found, without 
being preceded by metastases at the lymph nodes level (5). 

Materials and methods 

This study presents a bitch aged 14, Cocker breed, weight 23 kg, with 
many mammary tumoral lesions(Fig. 1).  

The investigations were performed at the Veterinary Medicine Faculty in 
Bucharest, the female being subjected to the following protocol: 

● Gathering anamnesis data 
● Clinical examination: detection and morphoclinical examination of the 

primary tumor, (identification of the number of affected mammas, 
necrosis/ulceration degree, detection of affected lymph nodes). 

Complementary examinations:  
► Pulmonary X-ray in latero-lateral and ventro-dorsal position using the 

digital X-ray technique (Roentgen equipment with digital taking over system: Philips 
Optimus Bucky Diagnost), for the detection of the presence or absence of the 
pulmonary metastases. 

► Post mortem, biological samples were taken in order to decide a 
certainty diagnosis. 

►Anatomico-pathological examination: macroscopic, cytological and 
hystological on the parts sampled after the necropsy. The smears made for the 
cytological examination were coloured panoptically, May-Grunwald Giemsa. The 
parts of tumoral tissue sampled for the histologic examination were fixed in 
formaldehyde solution 10%, processed by the classic hystopathological method, 
with inclusion in paraffin and sectioning at microtome, and as colouring methods 
were used the bichromic haematoxylineozin (HE) method and the Masson 
trichromic method. 

 
Results and discussions 

 
Following the clinical examination it has been found that the female 

presented many mammary lesions located on the right and left mammary chain, as 
follows:  

- right mammary chain: 
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-M1- globulous aspect, hard firmness, diameter approx 11 cm, with the 
presence of an ulceration, with sanguinolent trickling and ihorous smell (Fig. 3, 4, 
and 5);  

-M2- bosselated aspect, hard at palpation, diameter approx. 7 cm;  
-M3- irregular shape, hard firmness, diameter 4 cm;  
-M4 and M5 -diameter ≤ 1 cm, round shape, hard firmness.  
-left mammal chain: 
- M2-diameter 3 cm, with globulous aspect and presence of a fistula;  
- M3 - M4 – M5- with diameters of about 2 cm, bosselated shapes and hard 

at palpation.  

At the general examination it has been found right auxilliary 
lymphadenopathy(Fig. 6) and from the anamnesis it came out that the body 
temperature was in normal limits.  

The X-ray examination has highlighted the presence of many radio-opaque 
areas of variable dimensions spread on the whole pulmonary surface (multiple 
pulmonary metastases – Fig. 2).  

After the death of the bitch, a necropsic examination has been done and 
the presence of the metastases has been highlighted: lympho nodal, pleural, 
mediastinal, pulmonary, heart, epiploon, liver, spleen and renal. At the pulmonary 
level several metastases have heen identified, present on both lungs, with variable 
dimensions (0.5-2 cm – Fig. 7, 8), and at the heart level, the presence of a 
metastasis of approx. 2 cm on the left ventricle (Fig. 9, 10). At the epiploon level 
there are milliary metastases(Fig. 11, 12), at the liver level there are multiple 
metastases (dimensions between 0.2-1 cm, Fig. 13, 14), at the spleen level there 
are two metastases at the extremities with dimensions of approx. 0.5 cm(Fig. 15, 
16), at the renal level there are many metastases (Fig. 17, 18), both kidneys being 
affected, having a well highlighted and vascularized capsule. 

The microscopic examination (cytopathologic and histopathologic) has 
highlighted the presence of a malignant tumor, the diagnosis being of mammary 
carcinoma complex type and has confirmed that the metastases found at a 
distance have the same origin.  

The studies performed earlier show the fact that the breeds where an 
increased frequency of the mammary tumors has been noticed were Fox Terrier, 
Cocker, Caniche, Poodle, Labrador, English Setter and Pointer. The record of an 
increased frequency of these illnesses among the respective breeds would be the 
consequence of the popularity of these breeds, namely the presence of a quite big 
number of such situations in the canine population, but also of the hormonic 
medication applied extremely frequently with contraceptive purpose (10, 12). 

Age is one of the factors predisposing to the occurrence of the mammary 
tumor lesions, and their incidence increases with the age, as it also happened in 
the case of our study (14 years). From the different studies on this issue it results 
that the maximum frequency occurrs between 9 and 11 years (15). Other authors 
have followed the correlation of the age with the different categories of lesions, 
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such as the mammary dysplasias, noticing that they usually occur at young ages 
(between 2 and 4 years). Generally, before the age of five, the most frequently 
diagnosed tumors are benign, while after the age of six the incidence of the 
malignant tumors increase (15). 

Many studies highlight the fact that the ulcerations of the mammary tumors 
have frequently been associated with an unfavourable prognosis, including with a 
high risk of metastasization (4, 7, 13, 14). Also in our case is conformed the 
correlation between the tumoral ulcerations and the high risk of metastasization. 

From the anamnesis it has come out that the primary mammary tumoral 
lesion has been found on the right mammary chain - M3, at the beginning of the 
year 2008 with a diameter smaller that 0.5 cm, in May 2009 it had a diameter of 
about 0.5 cm, it stagnated until the beginning of the year 2010, reaching to a 
diameter of 2 cm (in November). Since November 2010 all the mammary tumoral 
lesions appeared on the other mammas, starting with the same date also the 
cough occurred (the animal had a dry cough about 3 times a day, while the owner 
associated the phenomenon with a “bone in the throat”). During the last two weeks 
the mammary lesions had a galloping development until the moment of coming to 
the clinic (19.01.2011). After about three weeks since the clinical and 
complementary examination, the female died due to physical and functional 
exhaustion. Concerning the result of the X-ray examination it was found the 
presence of multiple metastases at the pulmonary level. Vincent, M. (2010) 
recommends the thoracic X-ray to evaluate the possible pulmonary metastases 
and the sternal lymphadenopathy, including them in: sole metastases, multiple 
metastases and nodular infiltrate + peribronchial (18).  

Related to the T.N.M classification, (tumor, lymph node, metastasis), the 
female in this study is in stage IV (T4, N1, M1), according to the Mangol et al 
classification, 1998 (9). During her life, the female did not receive hormonic 
medication, she brought forth only once at the age of 6, and subsequently multiple 
false nursing were registered. We think this aspect is associated to the lack of 
ovariohysterectomy. From the studies of Donnay et al. (1994), it comes out that the 
false nursing (pseudopregnancy) leads to the increase of the risk of occurrence of 
the mammary tumors. The risk is greater as the bitches are older (2). From other 
studies about the risk of occurrence of the mammary tumoral lesions, it results the 
association of the many false nursings with the age, aspect which is not confirmed 
also in our study. 

The protective effect of the ovariohysterectomy on the mammary gland is 
well known since 1969 Schneider et al. confirmed this fact. This highlighted the fact 
that the risk to develop a mammary tumor in a bitch ovariohysterectomized before 
her first cycle in a heat is of 0.05%, while the risk increases to 8% if the 
ovariohysterectomy was done after the first estral cycle, and it reaches 26% after 
the second estral cycle, while after 2,5 years the ovariohysterectomy has no 
protective effect (16). The data in our study confirm this correlation. 
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Concerning the type of metastases, previous studies show the fact that the 
mammary tumors form metastases especially at the lungs (60 - 80% of the studies 
metastases), but also at other organs: lymph nodes, suprarenal glands, kidneys, 
heart, bones, liver, brain, eyes, nose, spleen, uterus (3, 6, 12, 17). Our results 
show the presence of the metastases on different target organs, being in 
concordance with the data in the specialized literature.  

 

 
Fig. 1. Cocker, age:14, F 

 
Fig. 2. Multiple areas of pulmonary 

radioabsorption, disseminated on the whole 
pulmonary area (multiple pulmonary 

metastases) 

 
Fig. 3. Mammary tumoral lesion - M1, 

Right mammary chain (with presence of a 
fistula and inclusion of the right axillary 

lymphonodule) 

 
Fig. 4. Histopathological examination of 

mammary tumoral gland Ob˟40 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 77
 

 
Fig. 5. Cytological examination of tumoral 

mammary gland Ob*20. 

 
Fig. 6. Cytological examination of right 

axillary lymph node Ob˟20. 

 
Fig. 7. Necropsic image – presence of 

multiple metastases at pulmonary level. 

 
Fig. 8. Histopathological examination of 

lung, Ob˟40. 

 
Fig. 9. Heart metastasis. 

 
Fig. 10 Heart histopathological 

examination, Ob˟40. 
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Fig.11. Micrometastases spread on the 

whole of surface of epiploon. 

 
Fig.12. Histopathological examination 

epiploon, Ob˟20. 
 

 
Fig. 13. Presence of two metastases at 

the level of spleen ends. 
 

 
Fig. 14. Spleen histopathological 

examination, Ob˟40. 
 

 
Fig. 15. Presence of multiple metastases 

at liver level. 

 
Fig. 16. Liver histopatholcal examination, 

Ob˟40. 
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Fig. 17. Presence of metastases at kidney 

level. 

 
Fig. 18. Kidney histopatholcal 

examination, Ob˟40. 
 
Cytologic description of the smear of the mammary gland: epithelial and 

myoepithelial cells with serious degree of anisocytosis and anisocariosis, 
caryomegalia, obvious nucleoluses, bi and multinucleate, cytoplasmatic basophilia, 
some cells produce secretions (vacuolated cytoplasm), finding in the smear 
proteinaceous, oxyfile, fibreous (mucina) material. 

Histopathological description of the smear of the mammary gland: the 
histopathological aspect complies to what is frequently found in not castrated 
females. At the periphery of the formation there are areas of malignant lobular 
hyperplasia (adenosis) which suffered a process of carcinomatous transformation.  

Towards the centre of the formation there are areas more or less spread of 
necrosis, associated with the perifocal presence of the cellularity of inflammatory 
type, to which adds the stasis and reduced areas of haemorrhage. Near the areas 
of adenosis the stroma is infiltrated with many lymphocytes and the interglobular 
galactophore channels are ectasiated here and there. 

The histopathological diagnosis is of complex carcinoma. 

Conclusions 

This study has presented a bitch of Cocker breed, aged 14, with mammary 
tumours at both chains and with extension of the metastases at different organs: 
pleura, lungs, heart, epiploon, liver, spleen and kidney. 

The X-ray examination has highlighted the presence of many radio-opaque 
areas of variable dimensions spread on the whole pulmonary surface, classified in 
the type of multiple metastases, while the necropsy has confirmed the presence of 
multiple metastases.  

Histopathologically, it has been confirmed that all the metastases had as 
starting point the mammary gland, and the complex mammary carcinoma type has 
been highlighted.  
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Summary 

 
The urographyc imaging sequence is designed to optimize depiction of specific 

portions of the urinary tract during maximal contrast material opacification, and a tailored 
urographic study may provide diagnostic detail beyond the current capabilities of other 
imaging modalities, like ultrasonography, computed tomography and MRI (1). 

This study is describing the urographyc technique applied in 4 cats in scope of 
diagnostic,using OPTIRAY 300 as contrast medium. The data obtained from nephrografic 
and pyelographic steps of intravenous urography can provide important diagnosis data in 
some ranal disease like evaluation of stone disease and ureteral and pelvic disorders (3,5).  

Key words: cat, urography, contrast medium, renal 
 

For decades, intravenous urography has been the primary imaging 
modality for evaluation of urinary tract, in human medicine. In recent years, 
however, other imaging modalities including ultrasonography, computed 
tomography, and magnetic resonance imaging have been used with increasing 
frequency to compensate for the limitations of intravenous urography in evaluation 
of urinary tract disease. But in spite of their use these methods have their 
limitations too, large portions of the urinary tract are not visualized at 
ultrasonography, and tomography needs contrast material administration (1,2). 

Urography may also be performed in the pre or posttherapeutic evaluation 
of stone disease that has been discovered with other imaging modalities. 
Intravenous urography is useful in evaluation of renal pelvis and ureters.  

The urographic imaging sequence is designed to optimize depiction of 
specific portions of the urinary tract during maximal contrast material opacification, 
and a tailored urographic study may provide diagnostic detail beyond the current 
capabilities of other imaging modalities. The ability to relate urographic findings of 
disease processes to other imaging modalities will remain an important skill until 
the ideal urinary tract imaging technique emerges (3,4). 

 
Materials and methods 

 
The study was conducted on four cats, two males of 7 respectively 10 

years old and two females of 5 respectively 12 years old. To each cat, an 
intravenous cannula was attached and Optyray 300 contrast medium was 
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administrated. The cannula or intravenous cateter are necessary because 
extravasation of contrast medium outside the vein is very irritant for the tissue. A 
clisma is also necessary, because the faeces can trouble the renal view. Blood 
samples were taken from each cat and BUN and serum creatinine were 
determined, because in animals with BUN >100mg % and creatinine levels >4mg% 
intravenous urography is not indicated. 

Latero-lateral and ventro-dorsal images were taken immediately after 
administration, at 2 minutes, at 15 minutes and 30 minutes. 

Blood samples were taken from each cat and BUN and serum creatinine 
were determined, because in animals with BUN >100mg % and creatinine levels 
>4mg% intravenous urography is not indicated. 

 
Results and discussions 

 
Different doses of Optiray 300 were administrated to the subjects, 

respective doses of 1.1 ml/kg body weight, 1.3 ml/kg body weight, 1.5 ml/kg body 
weight and 1.8 ml/kg body weight. The best images were obtained at 1.5 ml/kg and 
1.8 ml/kg of Optiray 300 contrast medium. This way we tried to obtain the adequate 
dose of Optiray for i.v. urography in cat. Also we used different timing of expousure. 

Immediately after injection (Fig. 1 A, B) the intense opacification of renal 
parenchyma could be seen, this is called the nephrogram phase. Some times in 
this phase the cortex can appear more radioopaque than the medulla, but this 
cases are rare. The nephrogram persists for about 1-3 h. 

 

 

 

A B 
Fig.1. years old cat iv. Optiray 300 1,5 ml/Kg immediately after administration 

A-lateral image, B- VD image  
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 At 2 minutes after injection the renal pelvis and ureters are filled by 
contrast medium which is being concentrated in the urine, this phase is called the 
pyelogram phase. This phase give us the possibility to estimate the integrity and 
dimension of the basinet and ureters, and eventually some obstructions of the 
ureters. 

 

A B 
 

Fig.2 (A,B).10 years old male cat i.v. Optiray 300 1,8 ml/kg at two minutes 
after administration A-lateral image B- VD Image 

 
The last phase is called the cistographyc phase, because all the contrast 

medium administrated i.v. gathers in the urinary blader in two phases. In the first 
phase the urinary bladder fills partially with contrast medium at 30/40 minutes after 
administration and in second phase, 1h after administration, the urinary blader fills 
completely with contrast medium. 

Note the contrast medium filling the blader and persisting in the kidney 
also. This picure can help eavaluating the integrity of all urinary tract. 

The timing of i.v. urography is important, so images must be obtained 
immediately after administration, at 2 minutes, 5 minutes, 15 minutes, 30 minutes 
and 40-60 minutes. The position is also important to view the entire urinary tract, so 
lateral images and ventro-dorsal images must be taken as well. 

The sangvine analysis was taken before and after administration of 
contrast medium to evaluate the renal function and to see if the kidney function is 
affected after administration. 
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A B 
Fig.3 (A,B). 7 years old male i.v. Optiray 300 1,8 ml/kg at 30 minutes after 

administration A-lateral image, B-VD image 
 

 All hematological and biochemical parameters evaluated before 
administration were normal. After administration we observed low values of 
hemoglobin, the other parameters were normal. 

Intravenous urography with Optiray 300 helps in evaluation of the kidney 
function and vascular structure, when other imaging methods like MRI and CT are 
not available. The renal parenchyma is optimally assessed during the 
nephrographic phase of urography. The renal contour should be smooth, and the 
inability to visualize a given portion of the contour requires explanation. There 
should be temporal symmetry of the nephrographic development. Nephrographic 
evolution requires adequate renal blood flow, normal parenchymal excretory 
function without obstruction, and normal venous outflow (1,2,5). 

The size of the kidneys should be assessed on every urogram, and this is 
best performed during the nephrographic phase. 

In the pyelogram phase the collecting system becomes opacified the 
pyelogram is the dominant urographic element. 

The appearance of the calices and renal pelvis should be examined closely 
because intravenous urography is the most accurate imaging modality for 
visualizing the urothelium-lined surfaces and evaluating potential abnormalities (1). 

The results obtained in Optiray 300 i.v. urography in cat confronted with the 
literature, entitle us to say that this study is a premiere. 
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Conclusions 
 

Doses of 1.1 and 1.3 ml/kg body weight Optiray 300 do not confer a good 
visualization of the kidney parenchyma, basinet and ureters. 

We recommend the doses of 1.5 and 1.8 ml/kg Body weight of Optiray 300, 
with the specification that 1.8 ml/kg is the best dose to use. 

Hematological and biochemical parameters are not highly modified, in i.v. 
urography with Optiray 300 contrast medium. 

Intravenous urography helps us evaluate the kidney function and vascular 
structure, when other imaging methods like MRI and CT are not available. 
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Summary 

 
39 dogs were radiologically examined by direct and indirect radiography, using 

Basic Intermedio 4006 roentgen device; during the clinical examination that preceded the 
radiological examination, gastric disorders were suspected. The indirect radiography 
consisted of different quantities of barium sufphate administrations and radiographs taken at 
different periods of time. 

The results of our studies have led to clinical and radiological data that helped 
classifying gastric disorders in inflamatory and noninflamatory conditions, these ones based 
on idiopathic or topographical changes, including shape and volume changes. 

Key words: dogs, barium, contrast medium, gastric disorders 
 

The data from the specialized literature (1, 2, 3) show that gastric afflictions 
in dogs can evolve under different shapes and many times are in a direct 
relationship with esophageal, intestinal or other disorders. As well as the direct 
clinical examination, the most important special method that completes the 
diagnosis is the radiological examination, maybe because of the fact that the 
gastroscopy is not a form of examination accessible to everyone.  

The radiological examination, performed especially indirectly (using 
contrast substances) emphasizes modifications of shape, volume, the transit of the 
substance of contrast, the aspect of the gastric mucous membrane and the 
presence of a foreign body.  

 
Materials and methods 

 
The radiographs were made using a Roentgen machine Basic Intermedio 

4006, and the first image was always made without using a substance of contrast. 
The indirect examinations were made by administering barium sulphate using a 
syringe at the corner of the mouth or using a barium sulphate lunch. The 
radiographs were made in a serial manner: the first image was made right after the 
administration of a third of the quantity of solution and multiple exposures were 
made every 20 to 25 minutes. There were used different incidences, according to 
the changes that were seen in the anterior, lateral and ventro-dorsal modifications.  
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Results and discussions 
 
The results (between 2009 and 2012) have led to the following distribution 

concerning percents of the cases (out of a total of 29 cases of gastric afflictions): 
there were diagnosed 17 cases of classical accute gastritis (43.58%), 12 cases of 
ulcerous gastritis (30.76%), 3 cases of traumatic gastritis (7.0%), 4 cases of piloric 
spasm (10.25%), 2 cases of gastric torsion (5.12%), and one case of polipous 
gastritis (2.55%).  

The accute gastritis  
From a clinical point of view, the cases of accute gastritis have presented 

the modification of the appetite (capricious and selective appetite or inappetence 
leading to anorexia) and repeated vommiting with a bilous aspect. Clinically, the 
diagnosis of gastritis was presumed, and those cases were led to the radiological 
examination.  

The radiological diagnosis of this affliction used the technique of the direct 
examination but mostly the technique of the indirect examination, using a contrast 
substance, which was basically represented by the barium sulphate solution. The 
direct examination is less edifying and the motivation consists in the fact that the 
stomach is an organ that confers a reduced radio-opacity because of the relatively 
thin walls it presents and the inhomogenous content formed by food, liquids and gas.  

In the most severe cases of gastritis there was seen the thickening of the 
wall, and sometimes the thickening of the folds inside the gastric mucous 
membrane, especially in the fundic area.  

The certainty diagnostic is made using the contrast substance (barium 
sulphate) that is orally administred in a dose of 3 to 4 ml per kg body, possibly with 
an administration in two phases. There is to be mentioned the fact that the initial 
administration of a large quantity of solution for cases in which the examinator 
follows the examination of the complete gastrointestinal tractus leads to a coverage 
of the gastric mucous membrane that is too accentuated and this harms the 
examination and makes a specific diagnostic more difficult.  

The accute gastritis was diagnosed using the following radiological signs: 
the volume enlargement of the stomach, the increase of the visibility of the piloric 
area and the intense rendering of the folds of the gastric mucous membrane (1).  

The ulcerous gastritis  
Clinically, the suspected cases of ulcerous gastritis presented signs of 

gastritis, loss of weight, attitude modifications (evident kyphosis) caused by gastric 
pains as well as the presence of haematemesis, therefore the presence of blood 
inside the vommited material, in different quantities, marks or blood clots. 
Sometimes, there was also seen a melena, therefore a blackish coloration of feces. 
At the palpation of the stomach that was made penetratingly under the left 
epigastric region under the ribs, there was remarked an increased sensitivity.  

The radiological diagnostic has appealed to the use of substances of 
contrast from the beginning, relinquishing the direct examination.  
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A barium solution was administred for a first radiography using a left lateral 
position. After 15 minutes, another dose was administred and the radiography was 
made the same lateral position and another ventro-dorsal position  

The ulcerous gastritis can be diagnosed firstly radiologically as an affliction 
that is caused by the existence of pre-ulcerous areas on the gastric mucous 
membrane. Radiologically, the examinator can observe the peripheric accumulation 
(around the affected areas) of the barium sulphate solution, the concerned areas 
appearing more evidently on the film from other areas impregnanted with the 
barium solution. In the same time, there can be seen the tumefaction (the increase 
in volume) of the gastric mucous membrane, especially on the affected area.  

The gastric ulcers have a characteristic aspect from a radiological point of 
view. Thus, there is to be seen the impregnation with a barium sulphate solution of the 
ulcerous area, with a perfectly circular deposit around the ulcerus and the presence of 
small dot-shaped areas that are characteristic in the middle of the lesion (2).  

The polipous gastritis  
From a clinical point of view, the cases of polipous gastritis were diagnosed 

as a chronic gastritis and later on confirmed using the radiological examination.  
The radiological diagnostic has been established following the 

administration of a barium sulphate solution in two phases and the close 
examination of the folds inside the gastric mucous membrane. In the caudo-medial 
region of the stomach, the mucuous membrane was tumefactive and there was 
seen the presence of 2 to 4 mm formations that were emphasized inside the 
solution, with its’ disappearing in the area of the prominences.  

The piloric spasm  
Clinically, the dogs presented repeated vommiting and many of them were 

not generally affected. The disease signs have often led to the suspicion of an 
intestinal obstruction.  

The radiological examination has shown that the distal area of the stomach 
presented changes of position and shape; often there was seen the presence of a 
clear area of aerocoly that dillated the piloro-duodenal area, constituting thus a 
radiological sign that is extremely useful and that practically shows a stasis at this 
level.  

The confirmation of the piloric spasm can be made using the contrast 
substancem that will accumulate in the piloric area, without passing to the 
duodenum. In some cases, there were also seen marks of barium solution that got 
to the duodenum, confirming the fact that the stasis was not complete.  

The torsion of the stomac  
The torsion of the stomach can be partial or total. Clinically, it appears rarely, 

after a large and rapid consumption of a quantity of food that is afterwards followed 
by an intense effort due to a jump or an intense abdominal traumatism. The general 
estate of the animal is greatly modified because of the pressure that the dillated 
stomach generates on the diaphragm and on the intrathoracic organs (3).  
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Radiologically, the torsion is seen as a gaseous sphere that is placed in the 
posterior area to the diaphragm. In the case of a total torsion the gaseous sphere 
has large sizes, occupying almost half of the abdomen. Through the twist of the 
stomac, the cardia is closed therefore the probe that is introduced inside the 
esophagus does not reach the stomach.  

In the case of a total torsion, the barium solution cannot reach the stomach 
and it accumulates in an anterior area, provoking a dysphagia; much attention is 
needed because the maneouvre can lead to the aggravation of the general estate. 
In the case of a partial torsion, the barium solution can reach the stomach in a 
reduced quantity, drawing a thin wire crossing the cardia, which demonstrates its’ 
twisting.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. 1 - A lateral image of the stomach using a barium sulphate solution – the 
gastric mucous membrane is tumefactive and a pilor is dillated. 2 - A partial torsion 
of the stomach – part of the contrast solution crosses into the duodenum and the 

jejunum. 3 - Foreign bodies caught in the piloro-duodenal area in a dog (coins and 
the end of a lighter) 
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Fig. 2. 1 - A latero-lateral image of a stomach in a dog using contrast substances – 
an ulcerous area with an organized aspect (chronical), placed in the dorsal side of 
the stomach. 2 - A ventro-dorsal image of the abdomen in a dog – the dillatation of 

the gastric mucous membrane and an airy infiltration – a pre-ulcerous gastritis. 
 

Conclusions 
 

From the 39 gastric afflictions, 17 presented a classical accute gastritis 
(43.58%), 12 presented an ulcerous gastritis (30.76%), and 3 had a traumatic 
gastritis (7.70%); there were 4 cases of piloric spasm (10.25%), 2 cases of gastric 
torsion (5.12%) and one case of polipous gastritis (2.55%).  

In the case of gastric afflictions, the radiological examination made using a 
contrast substance clears suspicions of gastric ulcers and also edifies diagnosis 
towards a stomach torsion.  

There is recommended that the animal passes through a first phase of a 
direct radiographic examination and later on, a fractioned administration of a 
constrast solution in the case of finer lesions or foreign bodies is indicated, 
because the administration of a large quantity of contrast substance leads to 
masking the aspects forementioned.  
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Summary 

The authors have treated a total of 17 cryptorchid males belonging to different 
races and of different ages, after two therapeutic protocols, as follows: 

- a total of 11 males were treated by therapeutic protocol I, which consisted of 
administration of a dose of 100-200 IU chorionic gonadotropin (Chorulon), iv / animal, two 
doses / week for 4-6 weeks, depending on the weight of the male; 

- a total of six males were treated after therapeutic protocol II, which consisted of 
surgical re-attempt to put the cryptorchid testicle in testicular bursitis. 

Following the treatment of protocol I it was obtained a descent of the cryptorchid 
testicle in 45.45% of all dogs treated. 

Following surgery in order to put the cryptorchid testicle in his normal place, this 
was done initially, but ultimately the interventions were unsuccessful. 

Key words: male dogs, cryptorchidism, traetment, gonadectomy 
 

Cryptorchidism is a disorder of the testicle or testicles in the testicular 
migration, which occurs during intrauterine life or during the first months after 
parturition. 

Cryptorchidism is a congenital anomaly, autosomal recessive limited to sex 
(2), manifested by absence of one or both testicles in testicular burse and retention 
of these in other anatomical areas. 

At canine species the testicular migration usually ends after the age of 6 to 
10 weeks postpartum. Consequently, it is considered ectopic testis if the testis 
don’t descent in bursa until after 3 months of birth (2). 

The reason the owners of those dogs are waiting six months for testicles to 
descent, is that inguinal rings are closing to most dogs up to that age (7). 

The incidence of cryptorchidism is higher in more specialized breeds, 
compared to half-breed. The high prevalence of cryptorchidism is observed in 
inbred lines of Cocker Spaniel and Miniature Schnauzer (14). 

The risk for testicular neoplasia cryptorchidism was reported to be 9 to 14 
times higher than in scrotal testes (11), the most common tumors of Sertolii cells 
(13). 
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Cryptorchidism does not affect the production of testosterone (6, 8). 
Therefore, most cryptorchids have sexual desire and can achieve an erection (1). 
Retained testes are smaller and from histologically point of view, the diameter of 
seminiferous tubes is reduced by 60% compared with those from scrotal testes (6). 

A higher incidence of cryptorchidism was reported in small dog’s breeds 
than large breeds (12). 

In all cases of cryptorchidism is favored the development of Leydig cell and 
endocrine activity (testosterone secretion), which makes the cryptorchid males 
libido to be normal or even exaggerated (2, 10). 

After Bonca et al., (7) this study confirms reports in the literature, that the 
unilateral cryptorchidism is more common than bilateral. In the study by these 
authors the 75.35% were unilateral cryptorchids and the difference belongs to 
those with bilateral cryptorchidism. 

Sperm examination of bilateral cryptorchids shows azoospermia and 
therefore these males are sterile, in the case of males with inguinal cryptorchidism 
are sometimes quoted relative fertility and to those with in unilateral cryptorchidism 
fecundity are relative constant. 

 
Materials and methods 

 
Casuistry which was the subject of our research consists of a total of 17 

males belonging to different races and ages, presented in the clinical discipline of 
Reproduction, Timisoara, in January 2006 - April 2012. 

After making anamnesis, studying his pedigree, and performing pelvic 
examination (andrology), as appropriate and also taking in consideration the owner 
option led us to two therapeutic protocols, as follows: 

Therapeutic protocol I: It was the administration of a quantity of 100 to 
200 IU chorionic gonadotropin (Chorulon), iv / animal, two doses / week for 4-6 
weeks, depending on the weight of the male. According to this protocol were 
treated a total of 11 males, young males from different races. 

Therapeutic protocol II: This protocol consisted of surgical re-attempt the 
testicle (testis) in testicular bursa. This therapeutic protocol was attempted 
generally on monorchids males, and only at owners request and special insistence 
to males with bilateral cryptorchidism. This protocol was applied to six cryptorchids 
males. 

Results and discussions 
 

In table one are presented the treatment results of unilaterally cryptorchid 
dogs treated according to our therapeutic protocol 1. 
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Table 1 
Treatment results of unilaterally cryptorchid dogs treated according to our 

therapeutic protocol 1 

No. Breed Age No. of 
treatments 

Treatment 
results Observations 

1. French 
Bichon 10 months 8 Unhealed Gonadectomy 

2. German 
Shepherd 4,5 months 10 Unhealed Gonadectomy 

3. 
West 

Highland 
White terrier 

10 months 10 Unhealed Gonadectomy 

4. Boxer 9 months 9 Unhealed Gonadectomy 
5. Pudel pitic 2.5 months 8 Healed - 

6. 
Siberian 
Husky 3 months 8 Healed - 

7. Spaniel 
Cocker 2 months 8 Healed - 

8. German 
Shepherd 5 months 10 Unhealed Gonadectomy 

9. German 
Shepherd 

4,5 months 10 Unhealed Gonadectomy 

10 Crossbreed 7 months 10 Healed - 
11 Crossbreed 5 months 10 Healed - 

 
From the 11 cryptorchid males treated based on the therapeutic protocol 

number 1 the descent of cryptorchid testis was obtained from a number of 3 males 
under the age of 3 months, which represents 27.27% of all treated males. We 
cannot say with certainty that the descent of cryptorchid testes was due to the 
therapeutic protocol applied since physiologically they can come down to the age of 
6 months. 

Also two crossbred male, of seven months respectively five months of age, 
were healed representing 18.18% of all dogs treated. 

The therapy with HCG hormone (Gonacor, Chorulon, Prolan, Nymfalon) is 
successful in 50% of cases (9). 

PARAIPAN (9) sets out the following therapeutic protocol: 100-500 IU HCG 
animal, subcutaneous, of 2 administrations / week, administering doses can be 
tripled to 6 times, from 2 to 2 days in association with testosterone. 

AREBEITER 1975 (quoted by 9) using Gn-RH (Lutal) 100 mg iv on the first 
day and then 50 mg, subcutaneous, daily for 6 days, gaining over 65% complete 
testicular raids or partial improvement. 

In table 2 we present results of surgical treatment of putting the cryptorchid 
testis in testicular bursa. 
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Table 2 
Results of surgical treatment of putting the cryptorchid testis in testicular 

bursa 
Crt. 
No. Breed Age Treatment 

result Observations 

1. Boxer 6 months Unhealed Gonadectomy 
2. German Shepherd 8 months Unhealed Gonadectomy 
3. Spaniel Cocker  7 months Unhealed Gonadectomy 

4. American Stadtford 
terrier 9 months Unhealed Gonadectomy 

5. Siberian Husky  10 months Unhealed Gonadectomy 
6. Pudel mijlociu 11 months Unhealed Gonadectomy 

 
These six males underwent surgery for relief of the testicles in testicular 

bursa. Although initially the operations were successful in final was a failure, then 
after they were subject to gonadectomy. 

In regard to our aspects, Vlăduțiu quoted by Gluhovschi (5) describes also 
some cases of abdominal cryptorchidism where, the testis remains in the 
abdominal cavity and epididymis develops, becomes very long and may engage in 
channel inguinal or even testicular bursa. 

After Capatana et al. quoted by GLUHOVSCHI (5), we meet more 
frequently the unilateral cryptorchidism and very rare the bilateral ones. 

After sperm examination of bilateral cryptorchidism we saw azoospermia 
and therefore shows these males are sterile, in the body of males with inguinal 
cryptorchidism is sometimes quoted relative fertility, and to the ones with unilateral 
cryptorchidism the relative fecundity is constant. 
 

Conclusions 
 

Following treatment and observation of the cryptorchydia in dog we have 
the following conclusions: 

- cryptorchid testicle is smaller in volume and weight (1/10) of gray-white 
color and high consistency, and while sectioning make a squeaky noise. 
- drug treatment is lengthy and relatively expensive so is not justified, 
healing is below 50%. 
- attempts to reinstate surgically the cryptorchid testes in bursa being 
almost entirely a failure, treatment also is not justified. 
- since the anomaly is transmitted genetically to offspring we recommend 
to owners to neutering their males with this condition. 
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Summary 
 

The existence of some undesirable genes in animal populations is a proven fact. 
However, there are differences, established during the development, from a breed to 
another, but also differences from one population to another, determined however, artificial, 
by selection measures applied. 

Clinical observation from birth and during the first quarter of life of 2506 lambs from 
Turcana breed and 493 crossbreed lambs between females from Turcana breed and males 
from Merino-Landschaf, Merino-Fleischschaf breeds, has emphasized 8 heritable 
malformations with recessive autosomal determinism and one malformation with polygenic 
heritable determinism at 83, respectively 8 lambs from all individuals observed. 

Keywords: sheep, pure breed, crossbreed, heritable malformations. 
 

Economic interests and market trends have imposed that the genitors 
selection should be made only for the aspects related to quantitative performance 
that they want to improved. This practice avoided the selection criteria for porting of 
undesirable genes by parental forms, but with a negative echo on their 
descendents. In many cases, the genetic structure of existing populations was 
changed, favoring the increased frequency of genes with undesirable effects (1). 
From a certain threshold of frequency, some heredo-pathies, generate by 
undesirable genes from gene pool of “carriers” parents decrease the economical 
value of animals, permanent negative, both from perspective of welfare of those 
affected and from the economical point of view. 

In order to avoide this, besides rigorous selection and controlled matings, 
also a close heredopathological supervision should be done. 

The objectives of our investigation were the establishment of the frequency 
of clinical hereditary abnormalities, occurred at birth or during the first trimester in 
lamb`s life and in this respect, the genitor`s assessment from their perspective as 
heterozygous-carriers of undesirable genes. 
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Materials and methods 
 

The observations were made in one farm for sheep breeding from Timis 
Country. 

In this facility are kept four pure-breeds: Merino-Landschaf, Merino-
Fleischschaf, Ostfriesisches-Milchschaf, Turcana and crossbreeds between 
Turcana females and german Merino males. 

The reproduction is ensured through a mating system, guided and 
rigorously respecting the matching pairs of breeds from import, but in a lesser 
extent in the local breed. Nucleus breeding at Turcana is very heterogenic, due to 
the acquisition from many different places, the local males being used in a lesser 
extent.  

Working protocol consisted in: clinical general and subsequent detailed 
examination of lambs immediately postpartum and during the first three months of 
life, looking for the congenital hereditary malformations and those that appeared in 
a limited period of time after birth. 

In this study there were observed 2506 lambs from Turcana breed and 493 
cross-breed lambs between Turcana females and Merino-Landschaf and Merino-
Fleischschaf males.  

 
Results and discussions 

 
The results from obtained on local ovine breed Turcana and their hybrids at 

calving and in the first quarter of life postpartum are presented in table 1. 
 

Table 1 
Lambs proportion from Turcana breed and hybrids from Turcana x Merino-

Landschaf and Turcana x Merino-Fleischaf with genetic abnormalities 
 

Specification No. 
lambs 

Lambs 
calved dead 
or nonviable 

Live lambs 
Lambs with 

genetic 
abnormalities 

No  % No  % 
Turcana 2506 67 2.67 2439 97.33 83 3.4 

Crossbreed 493 16 3.25 477 96.75 8 1.67 
Total  2999 83 2.76 2916 97.23 91 3.12 

 
In table 1 it is displayed that at birth and in the mentioned period, 

congenital abnormalities genetically determined and also those non congenital, but 
with genetically determinism, were identified in 83 lambs, representing 3.40% from 
all lambs obtained in the sheep population from Turcana breed and in 8 cross-
breed lambs from Turcana females and males from import breed. 
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From abnormalities identified, the highest proportion was polythelia (table 
2). This abnormality of mammary sphere was observed in 48 cases (1.96%) from 
all calvings, respectively, 57.83% from all hereditary defects observed, but only in 
pure breed produces, and not identified in crossbreed. In descending order, were 
umbilical hernia – 12 cases (0.49%), respectively 0.4% in crossbreed; agnathia – 
8 cases (0.32%) in pure-breed lambs, absent in crossbreed; arthrogryposis – 6 
cases (0.23%) in pure-breed lambs and 2 cases (0.4%) in crossbreed; tail 
shortening – 4 cases (0.16%), respectively 1 crossbreed lamb (0.2%); inguinal-
scrotal hernia and dental abnormalities with 2 cases (0.08%) in pure-breed 
lambs, and only 1 crossbreed lamb with hernia (0.2%) and microphtalmia in 1 
lamb from each genetically category. 

The results of the observations are presented in figure 1 and 2 in a 
suggestive manner. 
 

Table 2 
Number and proportion of heredopathies emphasized in lambs from Turcana 
breed and cross-breed lambs from Turcana x Merino-Landschaf and Turcana 

x Merino-Fleischaf 

No. Abnormality 

Țurcană Crossbreed 

No. % lambs with 
abnormality No. % lambs with 

abnormality 

 
From 
total 
live 

From 
total 

abnormal 
 From 

total live 

From 
total 

abnormal 
1. Polythelia  48 1.96 57.83 - - - 
2 Micromelia  - - - 1 0.2 12.5 
3. Umbilical hernia 12 0.49 14.45 2 0.4 25.0 
4. Agnathia  8 0.32 9.63 - - - 
5. Arthrogryposis  6 0.23 7.22 2 0.4 25.0 
6 Tail shortening  4 0.16 4.81 1 0.2 12.5 
7 Inguinal hernia 2 0.08 2.4 1 0.2 12.5 
8 Dental 

abnormalitie 
2 0.08 2.4 - - - 

9 Microphtalmia 1 0.04 1.2 1 0.2 12.5 

 
These results combined with other results observed in two other ovine 

breed from the same farm, Merino-Landschaf and Merino-Fleischaf, which will be 
presented in a future paper, determined us to appreciate that genitors from 
Turcana breed have a weaker genetically value.  

The fact that in crossbreed lambs the malformations incidence was 
significantly lower, 1.67% compare with 3.4% in pure-breed lambs, is a proof that 
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lack of one from breed partner generated a decrease to half value of the cases with 
genetic defect 
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Fig.1 Graphic representation of cases recorded in lambs from Turcana breed 
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Fig.2 Graphic representation of cases recorded in Turcana crossbreed lambs 
 
Excepting polythelia and micromelia which have polygene determinism, all 

other malformations identified have a recessive autosomal determinism. These 
determined them to manifest only in homozygous individuals, which occurred by 
mating heterozygous parents. This imposes as an initial finding, a lower concern 
about setting parental pairs. Avoiding the appearance of homozygous through 
matching the pairs, where a parent is free of porting undesirable gene, would 
significantly reduce the incidence of abnormalities found. 
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From the other two abnormalities, polythelia and micromelia, with polygene 
determinism, genetic prophylactic measurements have low chance of success. 
Because micromelia wasn’t found in pure-breed lambs but only in crossbreed 
incriminates equally both parents. The parents are participating through their 
genetic fund at achieving an amount of genes capable of determining the defect in 
descendants.  

In the assessments made, the consequences of abnormalities on products 
obtained are not less important. So, some anatomical defects, especially agnathia 
and arthrogryposis, are incompatible with life. There were identified also 
abnormalities, such as microphtalmia and micromelia, that although are compatible 
with life, generates a serious handicap in competition with healthy individuals from 
the population. 

Abnormality aspects revealed were found also in other populations, but in 
different frequencies. Leipold and Saperstein (3), observed that 18% from all lambs 
with genetic abnormalities had agnathia. In other research made by Hughes and 
co. quoted by Thompson et al. (6) on 4408 new-born lambs, the most common 
abnormality was also agnathia.  

Ellias and Bennett (2), observing for 11 years the calving in one ovine 
population have found six types of abnormalities in 19 individuals, 1.9% from 999 
individuals studied. Anal athresia, observed in 1.3% individuals, was the most 
frequently. Other hereditary abnormalities observed were diprosopus, cyclopia, 
polymelia and schistosoma reflexus. 

Piripi (5) in one study regarding chondrodysplasia in Texel breed ovine, 
kept under observation 109 lambs. Some of them had abnormalities at birth, 
others, known as heterozygous, were phenotypic normal. The differences between 
healthy lambs and those heterozygous started to appear at 2-3 weeks postnatal, 
becoming obvious at 61-80 days of life.  

Van Der Linde-Sipman et al. (7) described morphologic and 
morphogenetic, microphtalmia observed in one Texel breed ovine population.  

 
Conclusions 

 
Clinical observation of 2506 lambs from Turcana breed revealed 8 clinical 

forms of hereditary abnormalities, in 83 lambs, representing 3.4% from all lambs. 
Clinical observation of 493 cross-breed lambs between Turcana breed and 

Merino-Landschaf and Merino-Fleischaf revealed 6 clinical forms of hereditary 
abnormalities in 8 lambs, representing 1.67% from all lambs studied. 

The most common abnormality in Turcana breed lambs was polythelia 
1.91%, and in crossbreed lambs umbilical hernia and arthrogry-posis,representing 
0.4% from all calvings. 

The lowest incidence in Turcana lambs was microphtalmia, identified in 
one lamb (0.04% from all individuals) and in crossbreed were inguinal hernia, 
microphtalmia and micromelia – 0.2%. 
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Summary 

 
In this paper the investigations were made on extensive grown sheep. 
We followed the hormonal profile (which was based on seric dosage of a iodine 

thyroidal hormones -T3) of pregnant and lactating sheep from the control group, comparative 
with the experimental groups. 

In order to characterize its effects on maternal behaviour the sheep from the 
experimental group were treated with T3 (Cytomel), for a period between 30 days 
before calving and 20 days after calving. 

The product was given to two experimental groups, in different dosages: to the first 
group from 20 to 50 mg/animal/day and to the second group from 25 to 100 mg/animal/day 
(starting 14 days before birth and continuing until a week after birth).  

Analyzing mother sheep ethograms treated with Cytomel we discovered that 
following this treatment, T3 hormone leads indirectly to improving maternal behavior at this 
specie as a result: increases duration of maternal behavior specific to this period, enables 
breastfeeding, increases milk production.  

So this experiment proves the positive role of iodine thyroidal hormone T3, in 
inducing, sustaining, maintaining and improving maternal sheep behavior through stimulating 
the mammary gland secretion function.  

Key words: sheep, Cytomel, ethograms, maternal behavior 
 
Monitoring the hormonal profile evolution in pregnant and lactating sheep, 

has enabled observations of thyroid hormone sources increased, the maternal 
sources and respectively the fetal source represented by the thyroid gland of 
lambs - fetuses. 

Secretion of fetal thyroid and the adrenal gland begins before birth, whose 
maturity represents the calving signal.  

Also, according to the special literature, fetal body made transplacental 
exchange hormones with the mother's body, that have maternal and fetal 
physiological significance (2,3). 

The aim of this research is to determine the effects of iodinated thyroid 
hormone, directly, on sheep maternal behaviour in peripartum period. 
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Materials and methods 
 

To assess the effects of Cytomel (T3 containing thyroid hormone) we 
proceeded to composition of three groups as follows: 

- a control group consisting of five sheep, with a determinate hormonal 
profile (L1); 

- two experimental groups: 
 - LE1 consists of five sheep receiving Cytomel, the doses increased from 

20 to 50 mcg /animal /day, starting 14 days before calving and continuing one week 
after birth; 
- LE2 consists of five sheep receiving Cytomel, the doses increased from 

25 to 100 mcg /animal /day, starting 14 days before calving and continuing one 
after week birth. 

Doses should be given progressively. This helps the body to adapt and not 
be "bullied" by the presence of a high concentration of thyroid hormone. The daily 
dose should be divided equally over the day, to keep blood levels constants (4,5). 

In order to appreciate the effects produced by the Cytomel (T3) was 
prepared the ethograma of the maternal behavior at the treated sheep. In that way, 
the preparation of the ethograma was made by direct observation but also by 
filming the sheep from control and experimental groups, those being maintained 
free or on the grass. 

Where it could be, the data were statistic processed determining the 
average +/- standard error of the average and the differences between the groups 
were appreciated on the t test, Student test. 
 

Results and discussions 
 

After the experiments, we have found that, parallel with the increase of T3 
hormon blood concentration, during the treatment with triiodothyronine, the serum 
concentration of the hormone T4 decreases. 

The same decrease it has found on the control groups too, but on the 
experimental groups the decrease of the T4 concentration is much bigger. 

This fact can be assumed to a negative feed back mechanism of 
adjustment of the serum concentration of this hormone, triggered by the serum 
concentration growth of the hormone T3. 

It also have found that after the hormonal treatment’s stop, the T3 serum 
values in ewes from the experimental groups, decreases under those of the control 
groups: 0.76 and 0.56 ng/mL, from the control with 1.0 ng/mL, maybe in virtue of 
the same adjustment regulator feed back mechanism influence.  

Monitoring the hormonal profile evolution covered a wide period of time, 
from 30 days before calving to 20 days after birth, allowing detailed 
characterization of different physiological periods: pregnancy, calving, and lactation 
period (fig. 1). 
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Five sheep from the control group, properly identified by ear tags, whose 
hormonal profile was formerly determined, were monitored by the maternal 
behaviors events side of view, in order to serve as comparing element for the 
sheep of the experimental group treated with Cytomel (T3). In this way it can be 
followed the effect of the iodine thyroidal hormones - T3 concerning the maternal 
behavior.  

 

Fig.1. The dynamics of average values of T3 hormone (ng/mL) in 
ewes treated with T3 (LE1 şi LE2) vs. serum values of control ewes group  
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The administration of the Cytomel (T3 synthetic), individual in sheep from 
the experimental group has raised the plasma level of this hormone at significant 
differences from the control with simple gestation, obtaining a top of 2.32 ng/mL at 
the group to whome it has been administrated a maximum quantity of 50 mcg T3 
and a top of 2.54 ng/mL at the group to whome it has been administrated a 
maximum quantity of 100mcg T3 (chart no.1). 

Noteworthy is the fact that, for the control group and the experimental 
groups, once with advance in age of the lambs, the average time of the 
nursing/day, it was distinctly segnificant bigger from statistic side of view in the 21st 
day of lactation than the 14th day (tabel 1), what therefore falls positive concerning 
the lambs welfare. 

  
Table 1 

The mean of breastfeeding period in ewes from control and experimental 
groups (minutes/day) 

 

GROUP 

 

THE MEAN OF BREASTFEEDING PERIOD (minutes/day) 

x

_

sX±  

1 day after 
calving 

7 days after 
calving 

14 days after 
calving 

21 days after 
calving 

CONTROL 9.26 11.22 13.14 15.68 

LE1 8.92 11.30 16.08* 20.02** 

LE2 9.14 14.8 18.08* 19.40** 
* p<0,05 – significant differences  
** p<0,01 – very significant differences  
 

From the analysis of the facts presented in table 1, it seems that for the 
sheep from the LE2 group the nursing time value incline to cap at 21 days old, 
while at the LE1 group is still on an ascendant slope. 

As for the nursing frequency at the sheep from the control and 
experimental groups it has found some differences that are mentioned further 
(table 2). 

The average time’s growth of the nursing by day can be made for the 
nursing frequency growth, if the average time of a nursing intake maintains 
constant, or for the intake nursing time growth (one nursing) with the constantly 
keeping of the number of nursing, that it will see in the next stage (table 3). 

After the ethograma’s making, we noticed that sporadically, starting with 
the second week of life the lambs starting to consume also feed plant, rather in an 
imitation behaviour of the mother (table 4). 

According with the data from the speciality literature, the milk production of 
the mother sheep reaches a top at app. three weeks after calving then enter in a 
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tableland of app. two weeks, then gradually and slowly decreases of the entire 
summer period (1,7). 

 
Table 2  

Frequency of breastfeedings (number/day) in ewes from control and 
experimental groups 

 

GROUP 

 

MEAN FREQUENCY OF BREASTFEEDINGS (number/day)  

x

_

sX±  

1 day after 
calving 

7 days after 
calving 

14 days after 
calving 

21 days after 
calving 

CONTROL 17±3 16±2 13±2 11±2 

LE1 18±4* 17±2* 14±2* 12±2* 

LE2 17±4* 18±3* 14±2* 12±2* 
*p<0,05 – significant differences  

 
Table 3 

Mean duration (in seconds) of half suckling in ewes from control and 
experimental groups 

 

GROUP 

 

MEAN DURATION OF HALF SUCKLING (in seconds) 

x

_

sX±  

1 day after 

calving 

7 days after 

calving 

14 days 

after calving 

21 days after 

calving 

CONTROL 32±7 45±6 61±5 86±4 

LE1 29±7 40±6 69±6 99±5* 

LE2 29±8 48±7 76±6 96±6* 
*p<0,05 – significant differences  
 

In this way, the nutrient necessary of the lambs in permanently growth with 
the age can not be assured only from the ingested milk by suck. 

 

  

 

 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 108 
 

 

Table 4 
Lamb ethogram - marking and recording the day as they begin to consume 

fibrous forages 
 

 

GR. No. 
lamb 

DAY OF LACTATION 

Day 20 Day 21 Day 22 Day 23 

CONSUME OF  

milk fibrous milk fibrous milk fibrous milk fibrous 

C
O

N
T

R
O

L 

1 x - x - x X x xX 

2 x X x xX x xX x xX 

3 x - x X x xX x xX 

4 x - x - x X x xX 

5 x - x - x - x X 

L
E

1 

1 x - x X x xX x xX 

2 x - x - x X x xX 

3 x - x - x X x xX 

4 x X x xX x xX x xX 

5 x - x X x xX x xX 

L
E

2 

1 x - x X x xX x xX 

2 x - x - x X x xX 

3 x X x xX x xX x xX 

4 x - x - x - x X 

5 x - x - x - x X 

  

 First day that the lambs started to consume fibrous 
x – consume of milk 
xX – consume of milk + fibrous forages 

 
Conclusions 

 
 The administration of the Cytomel (T3 synthetic) at the sheep from the 

experimental group has raised the plasma level of this hormone at significant 
differences from the control with simple gestation, obtaining a top of 2.32 ng/ mL at 
the group LE1, to whome it has been administrated a maximum quantity of 50 mcg 
T3 and a top of 2.54 ng/mL at the group LE2, to whome it has been administrated a 
maximum quantity of 100 mcg T3. 
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After maternal behaviour’s monitoring (nursing in terms of suckings 
frequency, of the average time of a suck intake and of the average day time of 
sucking), it has found that the thyroid hormone had improved the maternal 
behaviour from the average day time’s growth of the nursing, by significant 
increase of the time of a sucking intake, assuring by that the taking of a more 
higher cuantity of milk (comparising with the group control). 

 From the control group to which the average time of a sucking intake has 
raised from 32 seconds at the calving, to 86 seconds at 21 days old, at the 
experimental groups the increase was significant from statistic side of view, from 29 
to 99 seconds at the group LE1, which was treated with a maximum 50 mcg T3 and 
from 29 to 96 seconds at the group LE2, treated with a maximum of 100 mcg T3. 

The average time of daily nursing has raised significantly more at the 
hormonal treated groups, and the effective frequency of this behavior has 
decreased after a slower slope at the experimental groups than at the control (in 
had not found significant differences between the exeprimental groups). 

 The treatment with T3 had not modiffied the age of the passing from 
feeding exlusively milked to combined feeding, milk plus grass or hay. 
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Summary 
 

The experiment was performed in healthy cats and with heart disease, using as 
noninvasive methods of examination electrocardiography and phonocardiography.  

Electrocardiographic, in cats studied were found changes in heart rate (tachycardia, 
bradycardia respectively). Also, through an electrocardiogram there were found "cavitary" 
changes of the myocardium, partial and/or global cardiomegaly, and the presence of focal 
ischemia in subendocarditis and endocarditis.  Phonocardiogram allowed the diagnosis of 
mild heart murmurs which could not be determined by ascultation that resulted from the 
endocardial changes. 

Key words: cardiomyopathy, electrocardiography, phonocardiography, cat 
 
Cardiomyopathies of cats are morbid conditions with a relatively high 

frequency, with a reserved prognosis and a relatively high rate among older cats. 
Mechanical activity of the heart generates three heart sounds whose succession in 
time represents the stetho-acoustic cardiac revolution. These heart sounds are due 
to vibrations of the myocardium, heart valves, blood vessels and column phases 
during the cardiac cycle. Phonocardiographic and electrocardiographic 
examinations and complementary noninvasive methods, very useful in investigating 
the cardiovascular system in animals (1, 3, 4, 5 ). 

Phonocardiogram (FCG) is a very precise method for recording and not 
very laborious, which highlights graphic investigation of acoustic phenomena 
arising during cardiac activity. Through phonocardiography there can be highlighted 
changes in heart rate and various degrees of valvular regurgitation which cannot be 
detected by auscultation or by ECG. Having regard to the above, in the present 
study we wanted to emphasize some aspects of normal and pathological aspects 
concerning electrocardiogram and phonocardiogram in healthy and with cardiac 
disease cats. 

Materials and methods 
 

The research was conducted in Medical Pathology Clinic of the Faculty of 
Veterinary Medicine in cats, having different breeds and ages. 
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Electrocardiographic recordings were performed with a digital Delta 1 
Cardioline (figure 1) electrocardiograph with 12 leads fitted with thermal pointer, 
high resolution, using a 60mm paper role. The device has an LCD screen where 
there are indicated derivatives and working speed (25-50 mm/s). The cable 
consists of 4 standard ECG electrodes: red for front right, black (whatever) – for 
rear right, yellow – front left forelimb, green for rear left forelimb and 6 electrodes’ 
for precordial leads V1-V6 investigation. At the end of electrodes shall be attached 
alligator type contactors or can be used contactors bracelets. 

Phonocardiograms were performed using a digital stethoscope that allows 
hearing, viewing, investigation and archiving information on heart sounds in real 
time. This stethoscope is a recent innovation in the medical field, allowing 
amplification of 20 times the sound of the animal body in 3 modes (abdominal, 
cardiac and respiratory) on 7 levels of sound volume. Jabes stethoscope can be 
connected to computer trough software, being able to view sound curves in real 
time, to record and store audio and video information, running a range of 
frequencies between 20-800 Hz (figure 2). 

 
 
 

 

Fig. 1. Delta 1 Cardioline 
electrocardiograph Fig. 2. Jabes stethoscope 

 
Results and discussions 

 
Results of electrocardiographic and phonocardiographic recordings in cats 

studied are shown in figures 3 - 6. In figure 3 there are shown electrocardiographic 
and phonocardiographic recordings at a European breed cats 5 years old, female 
and weighing 3.5 kg. 
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Fig. 3. Phonocardiography and electrocardiogram in clinically healthy cat 
 

Clinically, the cat did not present any cardio-circulatory or cardio-
respiratory symptoms, being considerate from this point of view, clinically healthy. 
Phonographic record made, simultaneously confirms that this cat did not showed 
any obvious heart disease. Electrocardiographically, it was established that hearth 
rate was 167 beats / minute with sinus rhythm, without cardiac arrhythmia issues.  

Phonocardiogram and electrocardiogram in figure 4 shows aspects of 
intraventricular septal hypertrophy and sinus arrhythmia, met at a common 
European breed cat, female, age 8 months and weighing 3.8 kg. 

 

 
 

Fig. 4. Phonocardiogram and electrocardiogram  in cat with intraventricular septal 
hypertrophy and sinus arrhythmia 

 
ECG analysis revealed a tendency to increase left ventricular, visibly 

especially in DI, DII and VR (wave R = 0.95 mV), atrioventricular septal 
hypertrophy (deep Q wave in DII) and sinus arrhythmia. 

The phonographic recording there were found physiological S1 and S2 
noise and a systolic click after S1, without pathological significance, since the cat 
was at a young age.  

Figure 5 represents the phonocardiography and electrocardiography 
performed at a Burmese cat breed, sex female, aged 8 years and 3.4 kg. 
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Fig. 5. Phonocardiography and electrocardiography performed in cats with 
cardiomegaly and valvular insufficiency 

 
Electrocardiographic (25 mm/s and 10 mm = 1mV) was found as a sinus 

rhythm and heart rate of 190 beats / minute. The increased amplitude of Q wave 
and of ventricular complexes (aVL) are aspects of hypertrophic cardiomegaly. 

Phonocardiogram showed increased amplitude of the noise S1 (systolic) 
and S2 (diastolic) and between S2 and S2 the existence of a murmur 
"decrescendo", confirming the ECG aspects of hypertrophy and cardiac valvular 
insufficiency. It was also showed the existence of noise S3 with a pathological 
significance, his presence being noticed in tricuspid and mitral regurgitation. 

Mitral and tricuspid insufficiency shown in figure 6 revealed through 
phonocardiogram and electrocardiogram was detected at a European breed cat 
aged 16 years, female and weighing 3.8 kg. 

 

 
 

Fig. 6. Phonocardiogram and electrocardiogram in cats with severe mitral and 
tricuspid valve 

 
The animal was examined clinically and through laboratory findings with 

chronic renal failure syndrome in decompensated stage. Electrocardiography was 
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performed in bipolar derivatives (DI, DII, DIII) and unipolar (aVR, aVL, aVF), 
parameters used as the speed of the paper which was 25 mm/s, 10 mm = 1m). 

On the analysis of ECG, in DII it was established the existence of sinus 
rhythm and a frequency of 182 beats/minute. In terms of AV morphology it was 
revealed a decrease in the amplitude of atrio-ventricular complexes, their irregular, 
elements on which it can be suspected the existence of pericardial or pleuro-
pericardial effusion, respectively abnormal heart rhythm (sinus arrhythmia), issues 
that cause a reduction in yield heart (2, 6). 

Phonocardiogram confirms the reduction of myocardial contraction force, as 
evidenced by three sounds S1 and S2 with low amplitude. In addition to those 
described phonographic, it was noticed the presence of circulatory turmoil highlighted 
in the form of systolic murmurs between S1 and S2, with a phonographic 
"decrescendo" type aspect characteristic of mitral and tricuspid valve insufficiencies. 

 
Conclusions 

 
With ECG there were found changes in heart rat, represented by 

tachycardia, bradycardia and cardiac disorders rhythm, their origin has been 
established at the excite-leader system. 

Electrocardiographic, there were highlighted cavitary disturbances of 
myocardium (partial and global cardiomegaly), respectively subendocardial aspects 
of ischemia, and myocardial endocarditis, endocarditis and myocarditis. 

Phonocardiogram allowed the diagnosis of heart murmurs in early degrees, 
which could not be detected by auscultation, occurred as a result of changes in 
valvular mechanism and / or interatrial and AV septum. 
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Summary 
 

This work aimed to study the glycoproteins from bitches and cats plasma 
diagnosed with mammary tumors. The research was made on ten cases among which 
seven canine females and three feline females. There were taken samples of mammary 
tumors from bitch and cat and subjected to pathological and biochemical examinations. The 
presence of large amount of pentoses in tumor glycoproteins could be associated with the 
metabolic features of these cells. Unlike normal cells, the tumor cells, even when they are 
supplied with sufficient oxygen, they prefer the usage of anaerobic glycolisis to obtain 
energy. 

Key words: mammary tumors, glycoproteins 
 
Mammary tumors are three times more common to bitch than women. 

Among the mammary tumors, fifty-three % are malignant to bitch and 90 % to cats. 
In comparison with the unsterilized bitches, the bitches sterilized before the first 
heat (occurring at the age of 7 to 9 months), have a breast cancer risk reduced to 
two hundred times, and the bitches sterilized after the first heat have a breath 
cancer risk reduced with 12,5 times (2). 

In comparison with the unsterilized cats, those sterilized by the age of six 
month have a breast cancer risk reduced with 91% and the cats sterilized before 
the age 1 have a breast cancer risk reduced with 86% (4). 

 
Materials and methods 

 
The samples collected from mammary biopsies were subjected to the 

staining through the Bradford method which is based on the property of Bradford 
Coomassie BlueG-250 dye to bind to proteins, especially at the level of arginil and 
lisil, forming a complex that has maximum absorption at 595 nm. It is a subjective 
method, depending of concentration of amino acids of the investigated proteins. 

Materials needed: Bovine serum albumin; Coomassie Brilliant Blue dye; 
0,15MNaCl solution; Spectrophometer, cuvettes and micropipettes. 
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Results and discussions 
 

In order to find the glycoproteins from plasma it was used “Glycoprotein 
Carbohydrate Estimation Kit”, made by Thermo Scientific Ltd., using the plasma 
obtained by high centrifugalization of blood collected in anticoagulant (Li-heparin). 
The extinction of the samples was measured at wavelengths of 550nm, in two 
stages, being necessary to dilute samples, using distilled water and the proteins 
concentration. 

 
Table 1  

Shows the total proteins concentration in tumor extracts 

No. Anatomico-Pathological diagnosis of tumor Protein 
mg/ml 

1  Carcinoma in benign mixed tumor 5,64 
2 Cystic mastoze with hyperplasia 1,1 

3 Papilifer cystic carcinoma with central necrosis 
area 3,08 

4 Glandular hyperplasia, carcinoma dissipated 
nucleus 3,96 

5 Complex  adenocarcinoma  1.81 

6 Mammary osteosarcoma, lymph node secretory 
tissue without cancer cells, carcinoma area 

6.84 
 

7 Papilifer adenocarcinoma with necrosis in center 
of acini and infiltrative nature 

9.59 
 

8 
Papilifer adenocarcinoma with necrosis in center 
of acini and infiltrative nature 3.08 

9 Infected Carcinoma  1.07 

10 

Complex type Adeno- carcinoma with papilifer  
proliferating and necrotic areas in the center of 
the tumor structure in the center of acini and 
infiltrating character 

3.55 

 
The fact that in two of the samples there is a high opalescence, although 

the preparations contain only proteins, due to the precipitation with ammonium 
sulphate, it suggests the presence of heteroproteins mainly lipidic. 

The electrophoresis in polyacrylamide gel, showed in Figure 1, shows that 
there are common protein fractions for all investigated tissues, except for the lines 7 
and 10, 6 and 9, in the previous table, which lack some proteic bands and the extract 
from the benign tumor which presents an intense band corresponding to a fraction 
with high molecular weight, possibly immunoglobulin. It should be noted that as the 
interaction with lectins was made with the same extracts, the electrophoresis was 
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made in undistorsed conditions, without SDS, in order to emphasize the fractions of 
native proteins, without altering their three-dimensional conformation. 

 

 
Fig. 1. The electrophoresis profile of proteins from tumor extracts 

 
Lane 1- Carcinoma in benign mixed tumor 
Lane 2- Carcinoma in benign mixed tumor 
Lane 3- Cystic mastoze with hyperplasia 
Lane 4- Papilifer cystic carcinoma with central necrosis area 
Lane 5- Papilifer cystic carcinoma with central necrosis area 
Lane 6- complex adeno- carcinoma  
Lane 7- Papilifer adenocarcinoma with necrosis in center of acini and infiltrative nature 
Lane 8- Papilifer adenocarcinoma with necrosis in center of acini and infiltrative nature 
Lane 9-Mammary tumor 
Lane 10-Infected Carcinoma 
Lane 11- Complex type Adeno- carcinoma with papilifer  proliferating and necrotic areas in 
the center of the tumor structure in the center of acini and infiltrating character. 
 

The evaluation of the concentration and molecular heterogeneity of tumor 
protein extracts revealed both common proteins fractions as well as the presence 
of some significant differences, both qualitative and quantitative.  

 
Determination of the glycoproteins concentration in tumor extracts 
The methods chosen to dose the glycoproteins pursue on one side the 

concentration of hexoses from glycoproteins an on the other hand the 
concentration of pentoses from their structure. Among hexoses, the most important 
are galctose, mannose and glucose, both simple and amminated and acetylated, 
and among pentose, the fucose, a metipentose. 

As mentioned above, the method of obtaining and processing the extracts 
excludes the presence of free glucides and free glycoproteins but not that of more 
complex molecules, glycoproteic. The obtained results are presented in table 2 and 3 
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and figures 2 and 3 support those obtained from the evaluation of total proteins in 
tumor extracts. 

 
Table 2 

The evaluation of glycoproteins concentration related with hexoses 

No. Tumor type 
Hexoses 

concentratio
n  µg/ml 

Glycoproteins 
concentration with 

hexoses µg/mg 
protein/ml 

I Carcinoma in benign mixed tumor 118 35 
II Carcinoma in benign mixed tumor 55 30 
III Cystic mastose with hyperplasia 106 34 

IV Papilifer cystic carcinoma with central 
necrosis area 140 353 

V Papilifer cystic carcinoma with central 
necrosis area 650 361 

VI Adenocarcinoma complex 244 35 

VII Papilifer adenocarcinoma with necrosis 
in center of acini and infiltrative nature 218 22 

VIII Papilifer adenocarcinoma with necrosis 
in center of acini and infiltrative nature 91 29 

IX Infected Carcinoma  41 38 

X 

Complex type adeno- carcinoma with 
papilifer  proliferating and necrotic areas 
in the center of the tumor structure in the 
center of acini and infiltrating character 

98 37 

 
Fig. 2. Hexoses and glycoproteins concentration from plasma 
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Table 3 
The evaluation of glycoproteins concentration related to pentoses 

Nr. Crt. Tumor type 
Hexoses 

concentration  
µg/ml 

Glycoproteins concentration 
with hexoses µg/mg protein/ml 

I Carcinoma in benign mixed tumor 397  74 
II Carcinoma in benign mixed tumor 9 49 
III Cystic mastose with hyperplasia 293 94 

IV Papilifer cystic carcinoma with central 
necrosis area 11 27 

V Papilifer cystic carcinoma with central 
necrosis area 643 354 

VI Adeno- carcinoma complex 487 71 

VII 
Papilifer adenocarcinoma with 
necrosis in center of acini and 
infiltrative nature 

23 23 

VIII 
Papilifer adenocarcinoma with 
necrosis in center of acini and 
infiltrative nature 

77 24 

IX Infected Carcinoma  221 205 

X 

Complex type Adeno- carcinoma with 
papilifer  proliferating and necrotic 
areas in the center of the tumor 
structure in the center of acini and 
infiltrating character 

311 87 

 

 
Fig. 3.  The variation of the relation between pentoses and glycoproteins in tumor 

extracts 
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Table 4 
The comparative values of glycoproteins related to the content in pentoses 

and hexoses 

 Tumor type 
Hexoses 

conc. 
µg/ml 

Pentoses 
conc.  
µg/ml 

Glycoproteins 
conc. in hexoses 
µg/mg protein/ml 

Glycoproteins 
conc. in pentoses 
µg/mg protein/ml 

I Carcinoma in benign mixed 
tumor 118 397 35 74 

II Carcinoma in benign mixed 
tumor 55 9 30 49 

III Cystic mastoze with 
hyperplasia 106 293 34 94 

IV Papilifer cystic carcinoma with 
central necrosis area 140 11 353 27 

V Papilifer cystic carcinoma with 
central necrosis area 650 643 361 354 

VI Adenocarcinoma complex 244 487 35 71 
VI
I 

Papilifer adenocarcinoma with 
necrosis in center of acini and 
infiltrative nature 

218 23 22 23 

VI
II 

Papilifer adenocarcinoma with 
necrosis in center of acini and 
infiltrative nature 

91 77 29 24 

IX Infected Carcinoma  41 221 38 205 
X Complex type 

Adenocarcinoma with papilifer  
proliferating and necrotic areas 
in the center of the tumor 
structure in the center of acini 
and infiltrating character 

98 311 37 87 

 
Fig. 4. The glycoproteins distribution in tumor extracts 

0

100

200

300

400

500

600

700

I II III IV V VI VII VIII IX X 

microg/ml

Hexoses concentration

Pentoses concentration

Glycoproteins 
concentration in
hexoses

Glycoproteins 
 concentration in
 pentoses



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 121
 

Colorimetric methods are used in general for the evaluation of free hexose 
and pentose. However, in the reaction conditions, the monoglucides related to 
proteins from tumor extracts are released and the coloring reaction is the same. This 
approach was suggested by Pramod and Venkatesh, who used the Bial reaction to 
monitor the presence of potato lectin (3).  

Unlike the quotted method, we used the standard composition and fucose, a 
metilpentose present in the structure of many glycoproteins at mammals. It should be 
noted that in the complex olycoproteins structures of glycoproteins both hexose and 
fucose coexist. 

The simultaneous quantification of hexoses and pentoses in tumor 
glycoproteins represent an originality aspect and as seen in the diagrams above, the 
distribution of these glucides and the report in which the glucides domains are 
different areas depending on the tumor type. Thus, if glycoproteins extracted from the 
complex adenocarcinoma(V), papilifer adenocarcinoma(VII) and the malign 
tumor(VII) the relation between hexoses and pentoses, and fucoses is approximately 
equal , in other extracts predominating  at a higher or lower level the fucose. 
Glygoproteins are an exception in the extract IV where the hexoses represent the 
dominant part of the glucidic domain. 

The presence of large amount of pentoses in tumor glycoproteins could be 
associated with the metabolic features of these cells. Unlike normal cells, the tumor 
cells, even when they are supplied with sufficient oxygen, they prefer the usage of 
anaerobic glycolisis to obtain energy. Therefore the aggressiveness of some cancer 
types was associated with the increasing of lactic acid production, especially in solid 
tumors. Moreover, due to the increasing demand for ribose and then for deoxiribose 
necessary for the increased biosynthesis of nucleic acids, necessary for survival and 
proliferation of tumor cells in the same time with anaerobic glycolysis takes place, 
with very high intensity , the path of pentozofosfates of glucose degradation.  

Recent researches demonstrates on the one hand that the transcetolase 
stimulating enzyme synthesis , involved in the arrangement of the non-oxidative 
steps of pentozofosfates shunt causes an intensification of the tumor proliferation an 
increased of their ressistance to chemo treatments and the inhibitors of this enzyme 
have an opposite action suppressing the tumor growth and metastasis (1). 

The results we obtained can be explained through a possible stocking of 
pentoses as glycoproteins, especially when the relation pentoses/ glycoproteins is 
significantly increased (extracts I and IV). 

Mammary tumor at bitch and cat in ten cases are rendered in fig. 5, 6, 7, 8, 
9, 10, and 11. 
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Fig.5 .a. Mammary tumor at bitch, 6 years old, 

Tekel cross-bred with Pekinese Fig. 5. b. Benign  hyiperplazy  X 40 

  
Fig. 6. Mammary tumor at bitch, eight years 

old, Tekel 
Papilifer cystic carcinoma with central necrosis 

area 

Fig. 7. a. Mammary tomuor at bitch, seven 
years old, Tekel cross-bred with Pekinese. 

Dezmoplasy, the secretion of chists is rich and 
with colesterol cristals x40 

  

Fig. 7. b. Mammary tumor at bitch, seven 
years old, Tekel cross-bred with Pekinese. 

Complex adenocarcinoma X 20 

Fig. 8.  Mammary tumor at bitch, ten years old, 
Tekel cross-bred with Pekinese 

Complex type Adeno- carcinoma with papilifer  
proliferating and necrotic areas in the center of 

the tumor structure X 40 
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Fig. 9. Mammary tumor, cat, eleven years 

old 

Chistic mastose with papilifer hyperplasy 
of the glandural epithelium 

Fig. 10. Mammary tumor, cat twelve years 
old 

Papilifer adenocarcinoma with necrosis in 
center of acini and infiltrative nature 

  
Fig.11.a. Mammary tumor, bitch, seven 

uears old, Tekel 
Mammary osteosarcoma,  glandular 

tissue still secretory and without 
neoplastic cells x 20 

Fig.11. b. Mammary tumor, bitch, seven 
years old, Tekel 

Medullary carcinoma area x 40 
 

 
Conclusions 

 
As a result of pathological and biochemical tests of mammary tumors we 

conclude the following: 
Thus, if glycoproteins extracted from the complex adenocarcinoma (V), 

papilifer adenocarcinoma (VII) and the malign tumor (VII) the relation between 
hexoses and pentoses, and fucoses is approximately equal, in other extracts 
predominating at a higher or lower level the fucose.  Glygoproteins are an 
exception in the extract IV where the hexoses represent the dominant part of the 
glucidic domain. 
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The presence of large amount of pentoses in tumor glycoproteins could be 
associated with the metabolic features of these cells. Unlike normal cells , the 
tumor cells, even when they are supplied with sufficient oxygen, they prefer the 
usage of anaerobic glycolisis to obtain energy. 

Therefore the aggressiveness of some cancer types was associated with 
the increasing of lactic acid production, especially in solid tumors. Moreover, due to 
the increasing demand for ribose and then for deoxiribose necessary for the 
increased biosynthesis of nucleic acids, necessary for survival and proliferation of 
tumor cells in the same time with anaerobic glycolysis takes place, with very high 
intensity , the path of pentozofosfates of glucose degradation.  
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Summary  

 
The aim of this study was to evaluate the relationship between age and 

blood pressure in clinically healthy cats. Systolic blood pressure (SBP), diastolic blood 
pressure (DBP) and mean blood pressure (MBP) were measured by oscillometric method on 
159 healthy cats, aged between 11 months and 14 years, of different breeds. In all cats, 
blood pressure was measured at the thoracic limb, on the medial artery level, by using cuffs 
width of about 30-40% of forearm circumference. In this study a positive and significant 
relationship was noted between cats age and blood pressure. The blood pressure value was 
significantly lower on the younger cats than cats aged over three years. 

Key words: blood pressure, cats, oscillometric method  
 
In cats, the routine measurement of blood pressure is usually carried out 

by indirect non-invasive metods. In order to properly evaluate the animal’s blood 
pressure and detect hypertension or hypotension is essential to know the reference 
range values of blood pressure (2, 3, 4). The normal values of the arterial blood 
pressure set up until the present time varies depending on the subject populations, 
measurement techniques, and animal handling (5, 7 ,9, 10). A number of additional 
factors affects what is considered to be normal blood pressure . In humans, it has 
been found increased systolic blood pressure and pulse frequency with age. The effect of 
age on arterial blood pressure is less clear in cats (2, 7, 8).  

The aim of this study was to evaluate the relationship between age and 
blood pressure in clinically healthy cats 

 
Materials and methods 

 
The study was carried out on 159 outpatient clinically healthy cats, of 

different breeds, which were brought into Veterinary Clinics of the Faculty of 
Veterinary Medicine Timisoara. Cats were between 11 months and 14 years old, 
and the mean was 5.96 ± 3.48 years. All cats included in this study were assessed 
by physical examinations, clinical signs and routine blood profile to exclude the 
diseases that might affect blood pressure. 

Blood pressure (BP) was determined by oscillometric method, with the 
Cardell Veterinary Monitor 9401 device, which measures systolic blood pressure 
(SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MBP) and 
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pulse frequency. In all cats blood pressure was measured at the thoracic limb, at 
median artery level, with cuffs width of about 30-40% of the forearm circumference. 
Blood pressure was performed before the clinical examination, in the presence of 
cat’s owner and after a 15 minutes of acclimatization with the room, staff and 
equipment. The cats were allowed to assume its preferred position, most 
commonly sitting in the lateral or sterno-abdominal decubitus. The cats that were 
too stressed were held by their owners, and the thoracic member was maintained 
at heart level. For each cat, the systemic blood pressure value was calculated as 
the mean of five consecutive measurements. 

In order to assess the difference between arterial blood pressure values 
depending on age, the cats included in this study were divided into four age groups 
with the following limits of age: 11 – 36 months; 37 – 72 months; 73 – 108 months; 
> 109 months. The differences of the blood pressure values between age groups 
were assesed by one-way ANOVA with Tukey Post Hoc test. The relationship 
between age and blood pressure value was evaluated by Pearson correlation. A 
value of p<0.05 was considered statistically significant. 

 
Results and discussions 

 
The cats aged between 11 – 36 months showed significantly (p<0,05) 

lower values for the systolic, mean and diastolic blood pressure when compared 
with cats groups older than 36 months old (table 1). However, no significant 
difference was identified between the cats groups included in this study in heart 
rate. Between groups of cats older than three years the differences of SBP, DBP 
and MBP were not significant (p>0.05). 

 
Table 1 

 The mean values of blood pressure according to age  

Variable 
 Cats age  

 11 – 36 
months  

37 – 72 
months 

73 – 108 
months > 108 months  

n 46 34 46 33  

SBP 

(mmHg) 

x 119,83 124,59 129,10 125,72  

s 6,46 8,92 8,91 6,88  

sx 0,95 1,53 1,50 1,20  

DBP 

(mmHg) 

x 68,09 76,94 80,40 77,48  

s 9,89 8,57 6,90 10,08  

sx 1,46 1,47 1,02 1,76  

MBP 

(mmHg) 

x 85,34 92,83 96,63 93,56  

s 7,71 8,01 6,05 7,32  
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sx 1,14 1,37 0,89 1,27  

Pulse 
rate 

x 128,98 133, 92 140, 36 136,07  

s 20,71 17,97 22,14 15,63  

sx 3,05 3,08 3,26 2,72  

Note: SBP = systolic blood pressure; DBP = diastolic blood pressure; MBP = mean 
blood pressure x = mean; s = standard deviation; sx = standard error mean; n = number of 
the cats. 

 
A slight but significant correlation was identified between age and systolic, 

diastolic and mean blood pressure However, no significant correlation was noted 
between age and pulse rate (table 2). 

 
Table 2 

Correlations between age, blood pressure, and pulse frequency  
in clinically healthy cats 

Variable  Age 
(months) 

SBP 
(mmHg) 

DBP 
(mmHg) 

MBP 
(mmHg) 

Pulse 
frequency  

Age 
(months) 

Pearson 
Corelation 1,000 0,315** 0,363** 0,394** 0,135 

p - < 0,001 < 0,001 < 0,001 0,090 

n 159 159 159 159 159 
**Correlation is significant at the 0.01 level (2-tailed)  

Note: SBP-systolic blood pressure; DBP-diastolic blood pressure; MBP-mean arterial blood pressure 
 

 The regression analysis showed that mean blood pressure increased with 
0.8mmHg/year (fig. 1). 

The previous studies regarding the correlation between age and blood 
pressure have led to contradictory results. In a study performed on 203 cats, blood 
pressure was found to increases with age, respectively SBP, DBP and pulse 
frequency were significantly higher in the cats older than 11 years old compared 
with the ones younger than 11 years old. (1). Also, the researches performed by 
Mishina et al. (8) on 60 clinically healthy cats, showed a significantly positive 
correlation between age and DBP, MBP respectively. These results were 
contradicted by the result of the researches performed by Lin et al. (7), Kobayashi 
et al. (6) and Sparkes et al. (10), who concluded that there was not a positive 
correlation between age and blood pressure value in clinically healthy cats. 
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Fig. 1. Liniar regresion between age and mean blood pressure  
(Y = 84,1 + 0,074X; r = 0,39; p < 0,0001) 

 
Conclusions 

 
In this study a positive and significant relationship was noted between cats 

age and blood pressure. 
The blood pressure value was significantly lower on the younger cats than 

cats aged over three years.  
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Summary 

 
The investigations were been performed in zootechnical farm from the sixth  

kilometer, on 14 newborn calves with diarrhoea, from BNR breeed, 1-4 weeks aged. The 
electrocardiograms were been performed in wakeful state and  in standing position, on 
standard derivations (bipolars D I, D ii, D III and onepolars aVR, aVL, aVF), at 25 mm/sec.  
speed and an etalon curve of 10 mm=1 mV.  

The registration analysis ECG pointed out biatrial adaptative cardiomegaly aspects, 
first and second degree atrio-ventricular blocks of Mobitz type II; T wave  hyppervoltation, 
consequence of hyperpotassiemy; cardiac rhythm disorders; ventricular complexes with 
small amplitude and long duration (0.1 s/0.3 mV); global cardiomegaly, atrio-ventricular 
complexes definable between physiological limits (P=0.08 s/0.4 mV and QRS=0.1 s/0.3 mV). 

Key words: calves, electrocardiogram, diarrhoea, hyperpotassiemia 
 
The calves enteritis will remain in present interest because of economic 

losses through mortality, necessity slaughters, weight gain failure, specific 
consumption increase, great expenses with prophylactic and curative measures.  

Calves with diarrhoea, irrespective of etiological agent, lose great 
quantities of sodium, chlorine and bicarbonates, finally reaching to metabolic 
acidosis. Hyperkaliemia represents a common problem associated with acid-base 
and electrolytic disorders observed in calves with acute neonatal diarrhoea. 

A normal potassium blood level is vital for physiologic electric cardiac 
rhythm maintenance. Both of low and increased level of blood potassium may 
influence the clinical signs evolution, modifying the electric activity of the heart, 
inducing even stop cardiac. The blood level of potassium between 5.1-6 mEq/l 
reflects an easy hyperkaliemia, between 6.1-7 mEq/l a moderate hyperkaliemia and 
over 7 mEq/L signify a severe hyperkaliemia (1, 2, 4).  

At electrocardiographic examination the main changes consist in heart 
arrhythmias (bradycardia), ventricular fibrillation, sino-atrial block. Cardiac 
arrhythmias of bradycardic type, associated with hyperkaliemia usually appear in 
new born calves with severe acute diarrhoea. 

 This study aimed to find the optimum manner of electrocardiography 
application in calves with diarrhoea. 
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Materials and methods 
 

The investigations were been performed in Live-stock farm from the sixth 
kilometer on 14 newborn calves with diarrhoea, from BNR breed, 1-4 weeks aged. 
Elecrocardiograms were been made with a portable electrocardiograph, model 
Cardioline Delta 1.The captations were alligator type, the place of grip being  with 
an alcoholic solution wetted. The electrocardiographic registering was made using 
the following parameters: 1. the millivolt amplitude = 10 nm; 2. paper rolling speed 
= 25 nm/sec; 3. members unipolar and bipolar derivations. In the view of electric 
parasitic exclusion caused by muscular contractions were been inserted electric 
filters.  

The electrocardiograms were been performed in wakeful and standing 
state, because the tranquilization induces changes of cardiac frequency, often 
leading to certain arrhythmias disappearance. The position of the electrodes 
placing was: right arm capitation (red colour) – attached in right cubit region; left 
arm electrode (yellow colour) – similar placed at anterior left member; inferior left 
member electrode (human) (green) – attached on skin in patellar region of left 
posterior member; the  capitation with role in electric direction stabilization (black) – 
similar placed, at right posterior member level. In this way were been made six 
derivations: 3 bipolars (D1, D2 and D3) and 3 unipolars (aVR, aVL, aVF). The 
alligator type nippers (relation between the capitation and skin) utilization not 
requires the hair area cutting, only the moistening with a saline or alcoholic 
solution, being favorite the last one (medicinal alcohol with water mixture). 

 
Results and discussions 

 
Electrocardiographic registrations were been performed in standard 

derivations (bipolar D I, D II, and unipolar aVR, aVL, aVF) at 25 nm/sec. speed and 
a standard curve of 10 nm = 1mV, shown in figures 1-4. 

The registration analysis emphasized aspects of biatrial adaptative 
cardiomegaly, type Mobitz, II degree atrium-ventricular blocks. As a result of 
hyperkaliemia, T sharp wave is observed. The electric axle of QRS complex (+ 80⁰) 
presented an axial direct deviation (fig. 1). 
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Fig.1. Electrocardiogram in calves with II degree atrium-ventricular block, Mobitz II 
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Fig. 2. Electrocardiogram in calves with under endocardium ischemia 
 

The electrocardiogram in a 20 days aged female calf, BNR breed and 40 
kilogrames weight with clinical signs of catharral enteritis pointed out a 
hypervoltation of T wave, like a consequence of hyperkaliemia, in the same time 
with normal and rhythmical succeeded atrio-ventricular complexes (fig. 2). 

In D II, D III and aVF derivations is observed a supraoscillation of ST 
segment, representing an aspect of under endocardium ischemia. 
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The electric axle of QRS ventricular complex is -30⁰, representing an axial 
left deviation, on the fund of a left cardiac hypertrophy. 
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Fig. 3. Electrocardiogram in a calf with global cardiomegaly 
 

Electrocardiographic registration performed in a 6 days aged calf with 
clinical signs of catharral diarrhoea (aqueous aspect) pointed out the following 
pathological alterations (fig. 3):  cardiac rhythm disorders on the fund of a normal 
frequency of 125 beatings/minute; biatrial cardiomegaly (P=0.08 s/0.4 mV); 
ventricular complexes with small amplitude and long duration (0.1 s/0.3 mV); global 
cardiomegaly with atrium-ventricular complexes who are not placed between 
physiological limits (P=0.08 s/0.4 mV and QRS=0.1 s/0.3mV); II degree Mobitz type 
atrium-ventricular block. 

In aVL deviation T wave is high and sharp, but exist atrium-ventricular 
complexes where it is higher than ¼ from R wave. 
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Fig. 4. Electrocardiogram in calf with hyperkaliemia 
 

The electrocardiogram in 10 days aged calf with acute catharral enteritis 
and affected general health state emphasized hypervolted T wave (0.8 mV) like a 
hyperkaliemia consequence (fig. 4.). The other components of electrocardiogram, 
P wave, PR interval, QRS complex, QT interval and ST segment were been not 
modified. The bradycardia, the small amplitude, possible P wave disappearance, T 
wave high amplitude, QRS complex enlargement as well as stop cardiac are 
associated signs with potassium serum concentrations over 7 mEq/l (3, 5, 6). 

 
Conclusions 

 
The calves electrocardiogram is a component part of B 

electrocardiographic group where P and T waves are in opposite plane to 
ventricular complex. The registration analysis ECG pointed out biatrial adaptative 
cardiomegaly aspects, first and second degree atrio-ventricular blocks of Mobitz 
type II; T wave  hyppervoltation, consequence of hyperpotassiemy; cardiac rhythm 
disorders; ventricular complexes with small amplitude and long duration (0.1 s/0.3 
mV); global cardiomegaly, atrio-ventricular complexes definable between 
physiological limits (P=0.08 s/0.4 mV and QRS=0.1 s/0.3 mV). 
 

 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 135
 

References 
 

1. Baptiste, K.E., Campbell, J., Schumann, F., Investigation into factors 
associated with hyperkalemia in diarrhoeic neonatal bovine calves, 
Proceedings of the 9th Intern. Symp. on Vet. Epidemiology and Economics, 
USA, 2000. 

2. Bârză, H., May, I., Ghergariu, S., Hagiu, N., Patologie şi clinică medicală 
veterinară, Ed. Did. şi Ped., Bucureşti, 1981. 

3. Mokhber Dezfouli, M.R., Dalir Naghadeh, B., Mortaz, E., The role of 
electrolytes in the genesis of cardiac arrhythmias in cattle, Journal of 
Veterinary Research, 2001, 55(1), 63 - 68. 

4. Radostits, O.M., Mayhew, I.G.J., Housto, D.M., Veterinary Clinical 
Examination and Diagnosis, W.B. Saunders, Philadelphia, 2000. 

5. Rezakhani, A., Paphan, A. A. Gheisari, H.R., Cardiac dysrhythmias in 
clinically healthy heifers and cows. Revue Med. Vet., 2004, 155, 159-162. 

6. Weldon, A.D., Moise, N.S., Rebhun, W.C., Hyperkalemic atrial standstill in 
neonatal calf diarrhea, J. Vet. Int. Med., 1992, 6, 5, 294-297. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 136 
 

 

VARIATION OF CREATINE KINASE AND ASPARTATE 
AMINOTRANSFERASE PLASMA ACTIVITY IN ROMANIAN 

SPORT HORSES TRAINED FOR SHOW JUMPING EXERCISE 
 

CRISTINA PETRUSE1, C. FALCĂ1, T. MOȚ1, D. MORAR1,  
V. CIULAN1, F. SIMIZ1, S. VOIA2 

 
1Banat's University of Agricultural Sciences and Veterinary Medicine Timisoara, 

Faculty of Veterinary Medicine, 300645, Aradului Street No. 119, Timisoara, Romania 

2Faculty of Animal Science and Biotechnologies Timisoara 
E-mail: petrusecristina@yahoo.com  

 
Summary 

 
The study targeted to monitor the alterations of muscle enzymes activity – creatine 

kinase (CK) and aspartate aminotransferase (AST) - in two groups of horses with different 
degree of physical training (O1 - beginners, O2 - well trained) for show jumping contests. 
These two groups of horses were evaluated in three stage of exercise (T1-preexercise, T2-
after ending exercise, T3 –90 minutes after ending exercise).  

CK plasmatic activity increases significantly (p˂0.05) in both groups following 
exercise sustentation (T1). In the recovery period (T2), 90 minute after the effort it is seen in 
both groups the trend of decrease the concentration of CK. Between the obstacles horses 
groups (O1, O2) significant differences were obtained (p˂0.05) at rest (CK concentration in 
the beginners is less to that of the O2) and during recovery (CK concentration in O2 is higher 
to that in trained group). The effort required by show jumping exercise led to a increase in 
both groups of the concentration of AST, the maximum values being recorded at 90 minutes 
post-exercise (T2). Between the groups, there were significant differences showed (p˂0.05) 
regarding the AST activity at all stages evaluated, the well-trained horses (O2) recording 
higher values than the debutant horses (O1). 

Key words: effort, horse, blood, creatine kinase, aspartat aminotransferase 
 

Show jumping contest is one of the emerging equestrian sports in our 
country in which horses are submitted to long-lasting efforts and it is required a well 
prepared organism to deal with this exercise. The muscular apparatus is one of the 
systems that are directly affected by this effort. Permanent workload leads to a 
constant damage of this system and generates effects that can be evidenced by 
laboratory assessments of some plasma constituents. The release of cytoplasmic 
enzymes, including creatine kinase (CK) and aspartate aminotransferase (AST) is 
considered to be appropriate parameters for the evaluation of muscle injury during 
exercise (1, 4, 6, 10). CK is one of the most important muscle-specific enzymes 
and it is present in tissues as specific isoenzyme. By contrast, AST are found in 
most soft tissues, with peak concentrations after 24 hours and a much longer half-
life being seven days (4, 5, 7, 10). Thus, exercise leads to increased levels of these 
enzymes in plasma, related to the intensity and duration of exercise (4, 10). The 
assessment of CK sanguine level is clinically used as a diagnostic tool in 
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musculoskeletal disease. However, an increase in the total serum activities of CK 
and AST has been observed in healthy horses following physical exercise. Such 
events have been related to an increased skeletal muscle membrane leakage (4, 7, 
9, 10). CK is rapidly released from muscle after injury, with a peak activity at 4-12 
hours after a muscle injury and removed from blood within 2h. In muscle tissue, this 
enzyme functions in making ATP available for contraction by the phosphorylation of 
ADP from creatine phosphate. Enzyme activity in plasma is used as an indicator of 
muscle leakage in monitoring physical training. The values can vary for different 
reasons, including alteration of membrane permeability, cell necrosis, impaired 
enzyme clearance, and increased enzyme synthesis (3, 4, 9, 10). Plasma enzyme 
activities may increase during exercise without observation of clinical signs or 
histological detection of changes in muscle cell structure (4, 10). 

The aim of the present study was to monitor the degree of muscle 
permeability by determining variations of CK and AST plasma activity in two groups 
of horses in different stages of training for show jumping competitions. 

 
Materials and methods 

 
Investigations were performed on 16 horses from Romanian Sport Horse 

breed trained for show jumping competitions. The distribution of horses on study 
groups was done according to the degree of physical training for this equestrian 
discipline: horses in the first year of competition, (group O1) and advanced horses 
in training for jumping shows with competitive history between 4-6 years (O2). Both 
groups performed the same test training protocol after a preliminary training for 
warming-up (10 minutes step, 10 minutes trotting, 5 minutes gallop): 50 cm 
obstacle (right and left), higher stationary (65 cm and 75 cm) twice for both heights 
– galloping; oxer 60 cm, 80 cm and 100 cm, two times for each height - galloping. 
The last stage of the training was carrying out a route (400 m) with average speed 
recommended (350 m/min.), in time scale (80-130 sec.) corresponding to the 
competitive level. 

Blood sampling was performed in 3 stages of this test exercise: 
• T0 - resting stage, in stable, half an hour before being taken out on the field; 
• T1 - post-exercise, on the training field, after performing the route; 
• T2 - 90 minutes after exercise (recovery period), in stalls. 

The sanguine biochemical determinations were performed on automatic 
analyzer (Eos Bravo Forte). Processing the results obtained and their statistical 
interpretation was performed using SPSS.17 program, performing variance 
analysis by ANOVA and Tukey HSD assay for multiple comparisons. 
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Results and discussions 
 

In table 1 is presented descriptive statistics and semnificance of ANOVA 
test applied for CK and AST plasma values of evaluated horses (O1, O2). Physical 
effort sustained by both groups conducted to an increase of CK plasma activity in 
T1, with a decrease after 90 minute after exercise (fig. 1). Instead, plasma activity 
of AST increased for both groups after the effort ended, but did not decrease after 
resting period (T2), inregistrated values being higher after 90 minutes (T2) from 
physical effort compared with values obtained in T0 and T1. 

 
Table 1 

Descriptive statistics and ANOVA test for CK and AST in horses trained  
for show jumping competitions (O1, O2) 

Stage Group  n Mean Std. 
Deviation 

Std. Error 

95% Confidence 
Interval for Mean 

F P 
Lower 
Bound 

Upper 
Bound 

CK (U/l) 

T0 
O1 8 187.75 22.69 8.02 168.78 206.72 

10.04 0.007* 
O2 8 237.38 38.04 13.45 205.57 269.18 

T1 
O1 8 387.63 34.99 12.37 358.38 416.87 

3.54 0.081 
O2 8 441.50 72.99 25.81 380.48 502.52 

T2 
O1 8 349.38 38.56 13.63 317.14 381.61 

4.98 0.042* 
O2 8 306.63 38.00 13.43 274.86 338.39 

AST (U/l) 

T0 
O1 8 139.25 19.25 6.81 123.16 155.34 

35.81 0.001* 
O2 8 217.75 31.72 11.21 191.23 244.27 

T1 
O1 8 195.00 21.95 7.76 176.65 213.35 

16.30 0.001* 
O2 8 274.38 51.08 18.06 231.67 317.08 

T2 
O1 8 250.63 21.69 7.67 232.49 268.76 

31.30 0.001* 
O2 8 352.50 46.71 16.51 313.45 391.55 

F = ANOVA factor (intergroup mean square/ intragroup mean square) 
*The mean difference is significant at the 0.05 level (p≤0.05) 

 
The CK plasma activity in T0 presented a significant difference (p<0.007) 

between groups, the mean value recorded in O2 (237.38±38.04 U/l) was significant 
higher compared with O1 (187.75±22.69). For both groups the mean values were in 
limits of reference interval (113-333 U/l) (2, 8). Postexercise, in T1, there was no 
significat difference (p>0.05) between groups regarding plasma sanguine level of 
CK. Instead, after 90 minute of recovery (T2), it can be seen a difference between 
groups according degree of phisical training, the mean value obtained in O1 
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(349.38±38.56 U/l) being significantly higher (p<0.04) compared with O2 
(306.63±38.00 U/l). 
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Fig.1. Plasma activity of CK in beginners (O1) and well trained (O2) horses in  

show jumping competitions  
 

Regarding AST plasma activity at rest (T0) it was noticed a significant 
difference between groups (p<0.001) (table 1). O1 group recorded a lower mean 
value (139.25±19.25 U/l) for plasma AST activity compared with horses well trained 
(217.75±31.72 U/l) specifying that for both groups the mean values are in limits of 
reference interval (2, 8). 
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Fig.2. Plasma activity of AST in beginners (O1) and well trained (O2) horses in show 

jumping competitions  
 

Post exercise (T1) the difference between groups remains significant, in 
well trained group the mean value (274.38±51.08 U/l) was significant higher 
compared with beginner horses (O1) (fig. 2). In recovery period, after 90 minute 
from exercise, the AST plasmatic activity remains higher for both groups with a 
significant difference between groups (p<0.001).  
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The main problem in the evaluation of plasma muscular enzymes values is 
defining the normal increase in enzyme activity in response to a specific exercise 
regimen. Given that strenuous exercise can result in increased CK and AST 
plasma activities without any sign of muscle damage, it is rather difficult to 
differentiate between borderline functional or physiological and pathological 
changes (4, 7, 9). 

 
Conclusions 

 
Monitoring of CK and AST plasma activities can provide a critical 

evaluation of the level of membranes permeability caused by the exercise. Different 
behavior of enzymes activities throughout physical efforts, which are directly 
related to the degree of physical training, was shown and can be used as a tool to 
follow the amount of muscle alterations and the recovery time for horses submitted 
to exercise. 
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Summary 

 

Well represented in the territories involved in this study, the boar (Sus scrofa ferus) 
is already subject of the national surveillance programme for diseases of epidemiological 
and sanitary importance, such as trichinellosis and classical swine fever. 

The research conducted in 2010 – 2011 on 32 boars prelevated from north 
Moldavia (Suceava, Neamt and Iasi counties) showed the presence in the populations of 
several parasitic invasions, largely (sarcocystosis) or moderately (trichinellosis) spread, and 
of some organopathies with an infectious etiology (pasteurellosis). Morphologically, tissular 
reactivity is similar to the one observed in the domestic pig (Sus scrofa). 

The predominance of parasitic invasions, some of them with major epidemiological 
impact, suggests the necessity of some prophylactic antiparasitic programmes that should 
be implemented. 

Key words: boar, organopathies, parasitic invasions 
 

Wildlife pathology is one of the latest interest subjects in veterinary 
medicine, due to the major epidemiological and economic impact that different 
disease of wildlife may have on livestock and humans and, last but not least, on 
natural ecosystems biodiversity (2). 

Wild boar is a wide spread species in North East Romania; its 
ecobiological similarities to the domestic pig make it a focus point of administrative 
institutions enabled to maintain animal health status. Direct contact between wildlife 
and livestock has become more and more frequent, and the role different vectors 
have in disease transmision is indisputable (1). 

In this context, this paper aims at giving a clear objective image of the 
health status of wild boar populations in the study area.  

 

Materials and methods 
 

Study material was represented by organs prelevated from 32 wild boars, 
20 males and 12 females, extracted from the populations during 2010 and 2011 
hunting seasons in Iasi, Suceava and Neamţ. Counties and examined in the 
Pathology Department of the Veterinary Medicine Faculty in Iasi. 
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Macroscopical and histological examinations were performed, prior to 
which tissue fragments prelevated were paraffine embedded and stained in the 
general orientation method Hematoxilin – Eosin – Methyl blue. 

 
Results and discussions 

 
Cardiac lesions 
In a 5 year old female, histological examination of the heart showed an 

interfibrillar dissociation by a serous material. In some areas, this miocardiocyte 
separation is accompanied by a slight vacuolisation, indicating an evolutive 
pathological process (most probably, a toxic syndrome) (Fig. 1 and 2). 

In a 3 years old male, a fibrous epicarditis was diagnosed, with a diffuse 
hyperplasia of the subepicardic connective tissue (Fig. 3). 

 

  
Fig. 1. Boar. Heart. Interfibrillar 
disjunction, transverse section. 

HEA, x400 

Fig. 2. Boar. Heart. Interfibrillar 
disjunction. Miocardiocyte 
vacuolization. HEA, x400 

 
Fig. 3. Boar. Heart. Fibrous epicarditis.  

HEA, x400 
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Pulmonary lesions 
In one of the examined individuals, a 5 years old male, a nonspecific 

lymphohystiocytic bronchopneumonia was caught in its evolutive stage; the lesion 
is common to several pulmonary virrosis. Histologically, a lymphohystiocytic 
hyperplasia was noticed arround bronchioles and artherioles. Hyperplasia of the 
Reissenssen muscle indicates chronical lung impairement (Fig 4 and 5). 

In the same case, besides bronchopneumonia lesions, parasites were 
evidentiated inside bronchioles, which were identified as Metastrongyllus spp. (Fig. 
6). 

 

  
Fig. 4. Boar. Lung. Peribronchiolar 

lymphohystiocytic bronchopneumonia. 
HEA, x1000 

Fig. 5. Boar. Lung. Lymphohystiocytic 
bronchopneumonia. Lymphocytes and 

monocytes in pulmonary airspaces.  
HEA, x100 

 
Fig. 6. Boar. Lung. Metastrongillosis. Parasites in  

the bronchiolae. HEA, x400 
 
In a 7 years old female, similar lymphohystiocytic lesions were identified, 

associated to the presence of intrapulmonar parasites that caused important 
haemorrhages in the parenchyma and relatively wide spread emhysema. The 
parasites present in the bronchiolae are a persistent irritant factor that leads to 
epithelial degradation and hyperplasia of the Reissenssen muscle (Fig. 7 and 8). 

In a 3 years old male, pulmonary congestion and haemorrhages were 
associated to the presence of multiple, small size, mature abcesses (Fig. 9) (4). 
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Fig. 9. Boar. Lung. Pulmonary abcess. HEA, x40 

 
Another individual, a 4 years old male, showed all the characteristic lesions of 

the fibrinous bronchopneumonia, with all its evolutive stages. (Fig. 10, 11, and 12). 
 

  
Fig. 10. Boar. Lung. Minor septal 

congestion. Free pulmonary alveolae. 
HEA, x400 

Fig. 11. Boar. Lung. Reticular 
deposits in the alveolae.  

HEA, x400 
 

  
Fig. 7. Boar. Lung. Intrabronchiolar 

parasite. Flattened bronchiolar 
epithelium. HEA, x400 

Fig. 8. Boar. Lung. Hyperplasia of the 
Reissessen muscle. Descuamation of 
the bronchiolar epithelium. HEA, x400 
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Fig. 12. Boar. Lung. Fibrin and leukocytic accumulation. 

Col. HEA, x100 
 
In a 5 years old male, pseudonodular lymphohystiocytic hyperplasia areas 

were identified. (Fig.13 and 14) (3). 
 

  
Fig. 13. Lung. Boar. Pseudonodular 

lymphohystiocytic hyperplasia.  
HEA, x400 

Fig.14.  Lung. Boar. Pseudonodular 
lymphohystiocytic hyperplasia. Col. 

HEA, x400 
 
Renal lesions 
In a 2 years old male pathological processes characteristic to nephrosis 

were identified (Fig. 15). 
Intratissular haemorrhages were also noticed. Fragilization and breakdown 

of renal capillaries often indicates a toxic process, of endogenous origin (Fig. 16) 
(6). 

In another male, compression atrophy of the urinifer tubes was identified 
(Fig. 17). 
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Fig. 15. Boar. Kidney. Urinifer tubes with 

degraded epithelium. Vacuolar 
nephrosis. Col. HEA, x400 

Fig. 16. Boar. Kidney. Intrarenal 
haemorrhages.  HEA, x100 

 
Fig. 17. Boar. Kidney. Fibrous nephritis. Compression atrophy of  

the urinifer tubes. HEA, x100 
 
A 3 years old female, already diagnosed with fibrous epicarditis was also 

identified a fibrous nephritis, with medium interstitial hyperplasia and tubular lysis in 
the cortical area. Fibrous perinephritis was also diagnosed. (Fig. 18 and 19). 

 

  
Fig. 18 Boar. Kidney. Fibrous 

nephritis. Medial interstitial 
hyperplasia. HEA, x400 

Fig.19 Boar. Kidney. Tubular lysis in 
the cortical.  HEA, x400 
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In a 4 years old male, a severe degradation of the epithelium of the urinifer 
tubes was noticed, accompannied by vasculitis and perivasculitis, the whole 
lesional aspect indicating an evolutive chronic nephritis. (Fig. 20 and 21). 

 

  
Fig.20 Boar. KIdney. Vasculitis 

and perivasculitis. Chronical 
nephritis. HEA, x400 

Fig.21 Boar. Kidney. Lysis of the 
epithelium of urinifer tubes. 

Chronical nephritis. HEA, x400 
 
In an approximately 5 years old male, tubular lysis was noticed, 

accompanied by diffuse lymphohystiocytic hyperplasia and glomerular hyperplasia, 
with the thickenning of the Bowmann membrane. (Fig. 22 and 23). 

 

  
Fig. 22. Boar. Kidney. Tubular 
lysis. Diffuse lymphohystiocytic 

hyperplasia. HEA, x400 

Fig. 23. Boar. Kidney. Glomerular 
hyperplasia. Thickening of the 
Bowmann capsule. HEA, x400 

 
In a 2 years old female, wide spread areas of congestion and dislocation of 

the tubular epithelium were noticed. (Fig. 24 and 25). 
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Fig.24 Boar. Kidney. Congestion. 

Dislocation of the tubular 
epithelium. HEA, x400 

Fig.25 Boar. Kidney. Tubular 
epithelium dislocation. HEA, x400 

 
Hepatic lesions 
In a 7 years old male with an important hepatic congestion, the presence of 

microhaemorrhages and haemorrhages that lead to a displacement of Remak 
cords was noticed. (Fig. 26, 27, and 28) 

 

  
Fig. 26. Boar. Liver. Hepatic 
congestion. Dilated arteriole. 

HEA, x100 

Fig. 27. Boar. Liver. Hepatic 
microhaemorrhages. HEA, x100 

 

 
Fig. 28. Boar. Liver. Intrahepatic haemorrhages.  

Col. HEA, x100 
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In a 6 years old female, chronical macrovacuolar hepatosteatosis was 
noticed. Predominant centrolobular localisation of the lesion indicates chronical 
intoxication (Fig. 29). 

Another 6 years old female shows lymphohystiocytic hepatitis which 
generally involves Salmonella germs. Sublobular prolifferation foci are not visible 
macroscopically; histologically, intense lymphohystiocytic infiltration is mainly 
localised in the interstitium, whose growth compresses the parenchyma. (Fig. 30 
and 31) 

 

  
Fig. 29. Boar. Liver. Hepatic steatosis. 

HEA, x100 
Fig.30. Boar. Liver. Hepatic steatosis. 

HEA, x400 
 

 
Fig. 31. Boar. Liver. Lymphohystiocytic hepatitis. Hepatic congestion. HEA, x100 

 
The 2 years old female diagnosed with fibrous epicarditis, pericarditis and 

perinephritis, hepatocytic displacement was noticed, with nuclear hyperchromatosis 
and microscopical foci of lymphohystiocytic hyperplasia. (Fig. 32 and 33). 
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Fig. 32. Boar. Liver. 

Lymphohystiocytic hepatitis. 
Hepatic congestion. HEA, x1000 

Fig.33 Boar. Liver. Hepatocytic 
dislocation and nuclear 

hyperchromatosis. HEA, 400 
 
Muscle lesions 
In 28 of the 32 cases examined, sarcocysts were identified in striated 

muscle. Invasion degree of scheletic muscles varied between 3 to 15 sarcocysts 
per 10 microscopical fields. Histologically, on longitudinal section, Miescher tubes 
were identified inside muscle fibers; transverse sections evidentiate Rainey’s 
corpuscles, sized 12-15 x 6-9 µm (Fig. 34 and 35) (5). 

 

  
Fig. 34. Boar. Scheletic muscle. 

Sarcocysts. HEA, x100 
Fig. 35. Boar. Scheletic muscle. 

Sarcocysts.  HEA, x400 
 

Conclusions 
 

Etiologically, infectious disease diagnosed were salmonellosis, 
leptospirosis and pasteurellosis; parasitic invasions are represented by 
sarcocystosis and metastrongyllosis. 

In one of the examined individuals, the coexistance of chronical epicarditis 
and perinephritis indicate an old poliserositis with a most probable bacterian 
etiology. 

Coexistence of microfoci and foci of lymphohystiocytic hyperplasia indicate 
an etiologic diagnosis of salmonellosis.  
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Toxic hepatic involvement associated to chronical renal lesions plead in 
favour of a leptospiric infection.. 

Fibrinous bronchopneumonia diagnosed in one of the examined boars is 
characteristic to pasteurellic infections. 

In two of the examined individuals, metastrongyllosis with severe 
pulmonary impairement was noticed. 

Sarcocysts were present in 28 of the 32 examined cases.  
Predominance of parasitic invasions suggest the necessity for antiparasitic 

prophylactic programmes implementation.  
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Summary 
 

There are some anatomo-functional features of the canine heart, the most 
important being cardiomegaly of the left heart, characterized by left ventricular hypertrophy 
due to increased blood pressure in young dogs aged between 7 and 180 days. 

The objective of this experiment was to establish the average values of 
electrocardiographic parameters in young canine and reveal any adaptive changes of the left 
heart (3). 

The study was conducted on a total of 55 dogs aged between 1 and 24 weeks. The 
electrocardiograms were performed in tetrapod position using a Delta 1 CARDIOLINE 
electrocardiograph, the working parameters were 25mm/sec and 10 mm = 1mV. 

Analyzing the average parameters derived from ECG records in batches of young 
dogs, we found a left atrial hypertrophy, a consequence of cardiac remodeling during their 
growth. Analyzing the mean ECG parameters derived from the records made on batches of 
young dogs, we found a left atrial hypertrophy, a consequence of cardiac remodeling during 
growth. (1,3)  In terms of average values, the other registered parameters, namely 
ventricular QRS complex, QT interval, ST segment, heart rate and axis, were within the 
physiological limits. 

Key words: electrocardiographic, young dogs, atrial complex, ventricular QRS 
complex. 

 
A series of cardiovascular diseases can be seen in young dogs, in 

particular congenital heart diseases diagnosed by clinical examination and 
additional tests such as radiography, phonocardiographs, electrocardiography. 

Adaptive left cardiomegaly occurs in young dogs, as a consequence of the 
rise in blood pressure with height and weight development. 

The literature provides little data on values of electrocardiographic 
parameters in young dogs. 
 

Materials and methods 
 

There have been 55 electrocardiographic entries in the young canine aged 
between 7 and 180 days (6 months). 
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The electrocardiograms were performed with animals in tetrapod position, 
using very fine alligator clamps to cause no pain and no influence of the 
electrocardiographic route, using a CARDIOLINE Delta 1 electrocardiograph. 

The working parameters were: standard leads of the limbs, millivolts 
amplitude of 10 mm and speed of the paper of 25 mm / second. 

We calculated the average and dispersion indices for this age taking into 
account all standard ECG leads (I, II, III, aVR, aVL and aVF), using the Minitab 16 
programme. 

 
Results and discussions 

 
The duration and amplitude of the atrial complex, represented by the P 

wave and the PR rotation interval have been analysed statistically. 
In Table 1 there are the average values of the electrocardiographic 

parameters and the atrial complex in young canine, in the six standard derivatives 
represented by the duration and amplitude of the P wave and the PR interval 
length. 

 
Table 1 

The average value and dispersion indices of the duration and amplitude of 
the atrial complex in young canine 

Specification 
P wawe duration P wawe amplitude 

PR interval 
duration 

xSx±  xSx±  xSx±  

I 0.0408±0.0015 0.1260±0.0269 0.0925±0.0050 

II 0.0465±0.0026 0.2173±0.0196 0.0938±0.0045 

III 0.0419±0.0023 0.1731±0.0208 0.0915±0.0047 

aVR 0.0562±0.0138 0.1423±0.0094 0.0969±0.0050 

aVL 0.0388±0.0020 0.1106±0.0263 0.0930±0.0054 

aVF 0.0438±0.0019 0.1923±0.0151 0.0961±0.0045 

 
By analysing the data on P wave duration presented in Table 1. we have 

recorded average values between 0.0388 ± 0.0020 (AVL) and 0.0562 ± 0.0138 sec 
(aVR) in young dogs. 

Calculating the P-wave duration in each branch of the standard ECG 
records that we made. there was a higher value (0.0562 ± 0.0138 sec. in aVR) than 
that mentioned in the literature (0.04 sec). This shows a left atrial cardiomegaly. 
assuming that these changes are consecutive to the cardiac remodeling in the first 
period of growth.  

In the case of amplitude. the average values in all standard leads were 
within the limits cited in the literature (max. 0.04 mv). Higher values were recorded 
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in DII (0.2173 ± 0.0196 mV) and aVF (0.1923 ± 0.0151 mV). This aspect shows the 
fact that the right atrium did not have any adaptive changes at this age.   

From the above analysis it was observed that the average values of the PR 
interval were within the physiological range (0.06 to 0.013 seconds) with similar 
values in all six standard derivatives (0.0915 ± 0.0047 to 0 . 0969 ± 0.0050). which 
justifies the fact that atrial activity (depolarization-repolarization) was carried out 
normally in young dogs. (1,2) 

In Figures 1-3 there is the graphical representation for the average values 
of the echocardiographic parameters of atrial complex in the studied young dogs. 
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Fig. 1. Graphical representation of the P wave duration in young canine 
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Fig. 2. Graphical representation of the P wave amplitude in young canine 
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Fig.  3. Graphical representation of the PR interval duration in young canine 

 
Having analysed the average values of the echocardiographic parameters 

for the ventricular QRS complex duration and amplitude in young canine. the 
obtained data are shown in Table 2 and the graphical representation in figures 4 
and 5. 

 
Table 2 

Medium value and dispersion parameters of the ventricular QRS 
complex duration and amplitude in young dogs 

Specification 

Duration ventricular complex 
QRS 

Amplitude  ventricular complex 
QRS 

xSx±
 

xSx±  

I 0.0300±0.0020 1.066±0.155 
II 0.0317±0.0014 1.842±0.129 
III 0.0317±0.0012 1.238±0.101 

aVR 0.0309±0.0013 1.538±0.138 
aVL 0.0309±0.0013 0.878±0.075 
aVF 0.0309±0.0014 1.587±0.141 

0.01

0.02

0.03

0.04

I II III aVR aVL aVF

S
e
o
n
d

Derivation

 
Fig.  4. Graphic representation of the ventricular QRS complex duration in young 

dogs 
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Fig. 5. Graphic representation of the ventricular QRS complex amplitude in young 

dogs 
 
By analysing the average values of the ventricular QRS complex 

statistically. we can say that the duration and amplitude of this complex in the 
studied young dogs showed no higher values than the physiological ones and no 
changes in the ventricles have been noticed. 

The graphical analysis of these values on the ventricular QRS complex 
duration shows a uniformity in the six derivatives. These average values 0.878 ± 
0.075 mV (aVL) - 1.842 ± 0.129 mV (DII) were within physiological limits. this 
aspect having been mentioned before by Brăslaşu. (1) 

The smallest amplitude of the QRS ventricular complex was registered in 
aVL unipolar derivative (0.87 mV). unregistered values and other derivatives. 
allowing us to say that this aspect had no pathological significance. 

In Table 3 there are shown the average values of the QT interval duration 
in young dogs aged between 7 and 180 days. and in Figure 6 there are shown the 
graphical representation of these statistical results. 

 
Table 3 

Medium value and dispersion parameters of the QT interval duration in young 
dogs 

Specification 
QT interval duration 

xSx±  

I 0.1608±0.0096 
II 0.1792±0.0087 
III 0.1784±0.0089 

aVR 0.1800±0.0073 
aVL 0.1824±0.0080 
aVF 0.1815±0.0069 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 157
 

0.1

0.15

0.2

I II III aVR aVL aVF

S
e
c
o
n
d

Derivation

 
Fig. 6. Graphic representation of the QT interval duration in young dogs 

 
After performing the statistical calculation on the QT interval. we found that 

its average duration ranged from 0.1608 ± 0.0096 sec in DI and 0.1824 ± 0.0080 
sec aVL falling within the reference limits of the literature which demonstrates that 
the electrical ventricular systole. represented by depolarization (QRS complex) and 
repolarization (T wave) ventricles. did not have any pathological changes. (4,5) 

The data concerning the ST segment amplitude in the 55 young dogs we 
have studied are presented in Table 4. In Figure 7 the average values of the ST 
amplitude in six standard electrocariographic derivatives are shown graphically. 
 

Table 4 
Medium value and dispersion parameters of the ST segment amplitude in 

young dogs 

Specification 
ST segment amplitude 

xSx±  

I 0.0040±0.0070 

II -0.0115±0.0199 

III 0.0073±0.0138 

aVR 0.0038±0.0125 

aVL 0.0039±0.0144 

aVF -0.0250±0.0244 
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Fig. 7. Graphic representation of the ST segment amplitude in young dogs 
 
The average values of the ST amplitude segment were both negative (-

0.0250 ± 0.0244 mV-aVF) and positive (0.0073 ± 0.0138 mV-DIII). being very close 
to the isoelectric line of the electrocardiographic route (0 mV). Considering the 
above it can be concluded that there were no changes in the endocardial and 
myocardial circulation in the young canine. 

Table 5 presents the data concerning the statistical processing of the 
frequency values and the cardiac electric axis in young canine. 

 
Table 5 

Medium value and dispersion parameters of the heart rate (beats/minute) in 
young dogs 

Specification xSx±  

FC 172.44±9.18 

Ax 70.38±3.61 

 
The average value of the heart rate in the studied dogs was 172.44 ± 9.18 

beats / min. falling within the limits specified in the literature for this age group (110-
220 beats / minute). 

The average values of the heart electrical axis in the 55 young dogs 
studied (70.38 ± 3.61) were within the physiological values (+40 to +100 degrees). 
aspect requiring that the heart changes occurring during the postnatal period were 
physiological without changing the SEC. 

 
Conclusions 

 
At the number of the young dogs we have studied the average P wave 

duration was higher than in the literature (<0.04 sec), empahsizing the existence of 
the left atrial hypertrophy as a consequence of the cardiac remodeling during 
growth. 
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The mean P wave amplitude, and duration of the PR interval were within 
the limits described in the literature (P max. 0.4 mV / PRint. 0.06 to 0.13 sec), 
demonstrating that there were no structural changes in the right atrium. 

In young dogs aged between 7 and 180 days, the mean duration and 
amplitude of the ventricular QRS complex were within physiological limits, 
confirming that there were no changes in the ventricles at this category. 

The mean duration of the ventricular electrical systole, represented by the 
QT interval in young canine we have studied did not change comparing it with the 
physiological limits. 

The average values of the ST amplitude segment did not reveal deviations 
from the physiological limits, which shows the fact that slow ventricular 
repolarization took place in optimal conditions. 

The heart rate and electrical axis of the heart recorded average values 
within the physiological limits of the species. 
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Summary 

 
The review had the aim to debate: definition of oxidative stress, reactive oxygen 

species (ROS): agents responsable of ROS production (radical species: superoxide, 
hidroxyl, peroxil, nitric oxide, alkoxyl, hydroperoxil and non radical species: peroxide, 
hypochlorous acid, singlet oxygen, ozone, peroxynitrite), site of ROS production 
(intracellular: during physiological processes such as enzymatic catalysis or electron 
transfer, especially in mitochondria, extracellular: macrophages, lymfocytes B and T due to a 
specific enzyme system located on plasma membrane-the most important of oxidase 
enzyme system is NDPH), free radicals (definition, mechanism of action, sources: internal-
enzymatic reaction involved in respiratory chain, phagocytosis synthesis of prostaglandins 
and at the site of cytochrome P450, external: pollutans, radiation, ultraviolet rays, drugs, 
industrial solvents and physiological factors: stress, excitement and disease conditions; 
mode of free radicals formation: by homolitical fission, through loss of one electron from the 
normal molecule, and adding a single electron to the normal molecule, oxidative stress effect 
on male reproductive system integrity and functionality, protection mechanisms against 
oxidative stress (prevention, division, detoxification, repair). 

Key words: oxidative stress, reactive oxygen species, free radical 
 
Even if this topic has been discussed recently, oxidative stress and 

antioxidants are present since living things have "decided" to live on Earth in an 
atmosphere rich in oxygen (10). 

Oxidative stress represents an excessive production of oxygen free 
radicals, and not only, accompanied by a relocation of the antioxidant agents in the 
body (22). Definition of oxidative stress has been recast, Jones (16) proposing to 
redefine the term as "a disruption of redox signaling control". 

Oxidative stress results from the imbalance between prooxidants and 
antioxidant protective systems factors in the favour of the first. It represents the amount 
of oxidative damages produced by all free radicals in cells or in the whole body (23). 

Oxidative stress is called oxido–reductive stress because some of the 
compounds involved in the pathogenesis may act both as reducing and oxidizing 
agents, depending on the type of molecule with which it interact. According to the laws 
of thermodynamics, when a molecule is oxidized, another molecule is reduced (8). 

Generation of oxidative stress is due mostly to the existence of reactive 
species of some chemical elements. They present an unpaired electron, which 
gives high reactivity. There have been identified reactive oxygen species (ROS), 
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reactive nitrogen species (RNS), and more recently, reactive sulfur species (SRS), 
with important roles in physiological and pathological processes (21). 

Therefore, oxidative stress consists in the increased activation of oxygen 
which overtakes the non-enzymatic and enzymatic antioxidant protective 
systems.The importance of oxidative stress consists in explanation of the oxidative 
damage amplification in any pathological condition in which the oxygen activation 
and the production of oxygen free radicals are present. Oxidative stress is involved 
in producing or aggravating of some diseases, due to the oxidative-destructive 
effect of the oxygen free radicals (8). 

Oxidative stress affects cellular function through the production of harmful 
oxidants and also leads to changes in gene expression through a redox-sensitive 
mechanism (8). 

Agents responsable of oxidative stress production are ROS, which can be 
grouped into: radical species (superoxide, hydroxyl, peroxil, nitric oxide, alkoxyl, 
hidroperoxil), and non-radical species (peroxide, hypochlorous acid, singlet oxygen, 
ozone, peroxynitrite) (10, 17). Forming an excess in the body, ROS triggers 
pathological reactions, initiating lipid peroxidation in biological membranes, 
disturbing local and general immunity, fibroblasts adjustment with subsequent 
scarring and cell damage, impairing nucleic acids involved in cell division, protein 
synthesis, etc (10, 18, 24). 

One of the life paradoxes is that the molecule that maintains aerobic life, 
oxygen, is not only essential for energy metabolism and respiration but is almost 
equally involved in the etiopathogenesis of many diseases and degenerative 
conditions. Duality of the oxygen molecule results from the fact that life cannot exist 
without oxygen, yet oxygen in high concentrations or in special circumstances, can 
become toxic, triggering, in certain conditions, the formation of ROS. 

Reactive oxygen species (ROS) is an expression used to describe a 
number of reactive molecules and free radicals (21). 

Recent researches emphasized that ROS play a role in cell signaling, 
including apoptosis, gene expression (21). 

ROS are essential for life because of the role fulfilled in many vital 
processes such as transduction and intercellular information, phagocytes ability to 
fulfill their bactericidal activity (8, 22). 

ROS interact with cellular macromolecules, including DNA, proteins and lipids, 
interfering with vital cellular bands. Mutations caused by ROS can cause malignant 
transformation and cancer, and many degenerative diseases including aging. In normal 
antioxidant mechanisms, including low molecular weight antioxidants and antioxidant 
enzyme systems, clean the ROS and protects the body from oxidative stress (11, 13). 
ROS are produced as a result of normal physiological processes, including loss of 
electrons from cellular electron transfer chains and as byproducts of membrane lipids 
metabolism. In case of diseases, ROS are produced by phagocytic cells as a 
mechanism to destroy the invading microorganisms. Initially, it was thought that only 
phagocytic cells are responsable for ROS. After formation, ROS are rapidly degraded 
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by enzymatic and non-enzymatic antioxidant systems that exist in cells. When they are 
overtaken by the production in excess of the active species appears the oxidative 
stress (11). The ROS formation occurs during normal and pathological metabolic 
processes involving the oxidase action and electron transport systems. In low 
quantities, ROS causes reversible and moderate changes. If large quantities of ROS 
are produced, the "oxidative stress" takes place by setting up uncontrolled oxidation, 
with direct and even devastating effects on cell structure and cell function (11). 

Intracellular formation of ROS - the body develops a parallel protective 
mechanism (antioxidant) which becomes more specialized and maintains the balance 
between production of prooxidants and antioxidants. During physiological processes 
such as enzymatic catalysis or electron transfer taking place especially in the 
mitochondria, small amounts of intracellular ROS are constantly generated (7, 19). 

Extracellular ROS production - differs from the intracellular mechanisms by 
type of production but is associated with intracellular oxidative stress. There is a 
group of cells that is able to produce extracellular ROS. This group includes 
macrophages, neutrophils, lymphocytes B and T. Due to a specific enzyme system, 
located on plasma membranes, these cells can rapidly produce ROS in response 
to specific stimuli (mental stress, invasion of pathogens, or as a result of immune or 
inflammatory response).The most important member of the oxidase enzyme 
system is NADPH oxidase (7, 19). 

The main ROS are: singlet oxygen, superoxide radical, hydroxyl radical, 
peroxides, ozone, and nitric oxide (19). 

Free radicals represent a class of highly chemically reactive entities, whose 
reaction is derived from the presence of an unpaired electron in their structure, which 
are capable of independent existence for a very short period of time (19). 

Free radicals are molecules or molecular fragments with one or more 
unpaired electrons in their structure. Free radicals are very unstable and reactive; 
they stretch to take an electron from other molecules to stabilize their structure 
(15). Free radicals can develop protective mechanisms that keep a balance 
between antioxidants and prooxidants. Their lifetime is very short (a few 
nanoseconds to several milliseconds). The unusual ability of the free radicals to 
interact with other compounds is given by the inclusion in their structure of at least 
one unpaired electron Free radicals can be formed based on split by extraction with 
protons or by a series of attack reactions of some other radicals (15, 19). 

Sources of free radicals are: internal, external and the physiological 
factors.  

Internal sources: could be enzymatic reactions, which serve as a source of 
free radicals. These reactions include those involved in respiratory chain, in 
phagocytosis, in synthesis of prostaglandins and the site of cytochrome P450 (19). 

External sources: include non-enzymatic reaction of oxygen with organic 
compounds. As external sources of free radicals are cigarette, smoke, 
environmental pollution, radiation, ultraviolet rays, ozone, drugs, pesticides, 
anesthetics, industrial solvents (19). 
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Physiological factors are the ones affecting the mental state such as 
stress, excitement etc. and disease conditions (19). 

Free radicals can be formed in three ways: by homolitical fission, through 
loss of one electron from the normal molecule, by adding a single electron to the 
normal molecule. 

Oxidative stress effect on male reproductive system integrity and 
functionality 

Oxidative stress is a major factor in the etiology of male infertility. In the 
isolated sperm, ROS attack can induce lipid peroxidation and DNA fragmetation, 
breaking the motility of cells and their ability to support normal embryo development 
(3,4,5). In testes, oxidative stress is able to stop steroidogenic capacity of Leydig 
cells and germinal epithelium ability to differentiate normal sperm (3,4,5). 

A large number of independent studies have demonstrated the relationship 
between male infertility and the presence of oxidative stress in the ejaculate (1). 

Although oxidative stress is certainly a dominant factor in the etiology of 
male infertility the mechanism causing it is insufficient elucidated. Overabundant 
chemical, physical and pathological factors that apparently promote trigger 
oxidative stress in testicules are impressive and suggest a clinical picture that will 
be extremely complex, each individual being the subject of a unique area of the 
determinant factors (18). 

The oxidative damage of spermatozoons induced by free radicals is a 
condition that has recently gained considerable attention, even in men with 
diabetes and alcohol addicts (18). Spermatozoons are sensitive to oxidative stress 
due to lack of defense cytoplasm (17). The plasma membrane of semen contains 
lipids as polyunsaturated fatty acids, which are vulnerable to ROS attacks (2). It is 
difficult to block oxidative stress induced damage in cells or tissues, because ROS 
are continuously produced by aerobic cellular metabolism. 

There are two main sources of ROS in semen: leukocytes and immature 
spermatozoa. Spermatozoa produce ROS mainly when a defect occurs during 
spermiogenesis (17).ROS generation has become a real concern because of their 
potentially high toxic effects on quality of sperm and sperm function (17). 

Protective mechanisms against oxidative stress 
Exogenous and endogenous oxidants assault on metabolically active cells 

involves antioxidant defense mechanisms of the body, to prevent or mitigate the 
attack. As a result, a number of antioxidant defense mechanisms in living 
organisms have evolved during phylogenesis, in agreement with general biological 
principles. 

Strategic defense mechanisms have been grouped into four categories: 
prevention, division, detoxification, repair (2,6,9). 

Prevention is a vital tool and is considered the first line of defence. Means of 
prevention are: activation of enzymes; chelating iron and copper by fixing proteins 
(ferritin, transferrin, ceruloplasmin, albumin, metalotioneinds) to prevent and initiate 
the chain reaction and metal-ion binding to control major mechanism of lipid 
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peroxidation and DNA fragmentation; modification of attack site partially or distortion, 
avoiding oxidative attack by deviation: channeling of reactive species on a less 
harmful product (decreased risk of internal injury); specialized pigments intervention 
to prevent the attack of radiation (for example, UV-melanin, carotenoid-O2) (9,20). 

Division: Spatial separation in vivo of harmful substances which facilitates 
the separation of ROS in the cell by: enzymatic mechanisms of organelles and 
cytosol; acting on the membrane and the extracellular compartment (9,20).  

Detoxification is performed by enzymatic and non-enzymatic systems and 
is called interception or deactivation. Enzymatic and non-enzymatic detoxification 
mechanisms ensure the primary and secondary defence. Enzymatic detoxification 
role is to repair damage caused by ROS on nucleic acids, amino acids, proteins, 
lipids, carbohydrates including restoration functions. Non-enzymatic detoxification 
has the role to intercept and to disable harmful ROS (for example: ascorbic acid, α-
tocopherol, the most active against lipid peroxidation, β-carotene-role in the 
absorption of electrons) (9, 20). 

Repair involves restoration or removal of damaged cellular components 
and molecular structures by increased proliferation of affected tissue. Molecular 
repair studies especially the effect of ionizing radiation on nucleic acids and 
carcinogenesis. Repair refers primarily to the attack on the DNA bases or on 
chains.Cell proliferation is a major mechanism but has a secondary role in repair of 
polyamines, small organic compounds, policationic. The enzymes identified for 
repairing polyamines synthesis in hyperoxia lung lesions are S-adenosyl-
methionine decarboxylase and ornithine decarboxylase (9). 
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Summary 

 
Increased frequency of colic cases in horses, has determined the interest for a field 

study on effects obtained by using two commonly veterinary used drugs in the veterinary 
practice. During one and a half year, between October 2010 and April 2011, 23 colic cases 
have been seen, and consequently, 13 horses were treated with flunixin meglumine 
(Cronyxin®), a NSAID from the fenamates group, and 10 were treated with metamizole 
(Vetalgin®) a non-steroidal anti-inflammatory drug. For both drugs, has been used the 
maximum permitted dose. All treatments were administrated intravenously and in some 
cases the treatment was repeated. The results obtained from the 23 treated horses revealed 
that, the time necessary to relieve the symptoms of colic was shorter in horses treated with 
flunixin meglumine. Time average of total return, ie the absence of any signs of colic, in the 
case of treatments with flunixin meglumine was of: 17.12 minutes, comparatively with 
metamizole, where the average was of: 69.5 minutes. In this study the time for colic 
symptomatic relief was shorter in horses treated with flunixin meglumine than with 
metamizole. Choosing a drug for colic’s treatment is essential. In this respect, the clinical 
investigation must be followed always by the best chosen therapy, which should be critically 
evaluated, as part of a competent therapeutic attitude conduit in the field situations 

Key words: horse; colic; flunixin meglumine, metamizole. 
 

Increased frequency of colic cases in horses, has determined the interest 
for a simple guiding field comparative study on effects obtained by using two 
commonly veterinary used drugs in the current veterinary practice. 
 

Materials and methods 
 

Animals 
The study period was one and a half year, between October 2010 and April 

2011, while were treated 23 horses with clinical colic signs, aging between 2 and 16 
years, from private households: 13 horses were treated with flunixin meglumine 
(Cronyxin®, CEVA Vetpharma) and 10 were treated with metamizole (Vetalgin®, 
Intervet). 

Drug administration 
Cronyxin® one millilitre injectable solution contains 50 mg flunixin 

meglumine. Flunixin meglumine (C14H11F3N2O2•C7H17NO5, molecular weight: 
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491.46), is the N-methyl-glucamine salt of 2 (2’-methyl-3’-trifluoromethyl-anilino) 
nicotinic acid), a NSAID from the fenamates group (Fig.1.).  

 

 
 

Fig.1. Chemical structure of flunixin meglumine 
 

High analgesic effects with anti-inflammatory and antipyretic properties are 
given by the interaction of fenamates with cyclic oxygenase, which cause inhibition 
of prostaglandin synthesis.  

Drug can be given intramuscularly or intravenously, but intravenous route 
is preferable, to avoid local irritation and swelling. The dose is 1 ml Cronyxin® (1.1 
mg flunixin meglumine)/45kg bwt, once a day and treatments may be repeated for 
five consecutive days, depending on the evolution of case. 

Vetalgin® has as active substance metamizole (C13-H17-N3-O4-S, 
molecular weight: 311), a non-steroidal high anti-inflammatory drug (Fig.2.).  

 

 
 

Fig.2. Chemical structure of metamizole sodic salt 
 

One millilitre injectable solution contains 500 mg of metamizole-natrium-
monohydrate. The active substance is used as an efficient analgesic, antipyretic, 
antispasmodic, antirheumatic and anti-inflammatory for horses.  

Dosage and administration was of: 20-50 mg/kg bwt. 
Clinical parameters followed: heart and respiratory rate, apparent mucosal 

and temperature, bowel sounds, transrectal examination.  
About 50% of identified cases required the use of detomidine clorhidrate 

(Domosedan®, Pfizer Animal Health), at dose of: 20mg/kg bwt, i.v., as tranquilizers 
before clinical examination. In three cases it was administrated paraffin oil with the 
naso-gastric tube to ease the gastrointestinal transit.  

In most of the cases, especially those with no intestinal transit, has been 
effectuated transrectal examination and in five of those, it was removed significant 
amounts of sand.  
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For both drugs, has been used the maximum permitted dose. All 
treatments were administrated intravenously and in some cases the treatment was 
repeated. 

 
Results and discussions 

 
In Figure 3, the results obtained from the 23 treated cases are presented.  
It can be seen that the time necessary to relieve the symptoms of colic in 

this study was shorter in horses treated with flunixin meglumine.  
 

 
 

Fig.3. Comparative results obtained from the 23 treated colic cases 
 

Without having a complex study about the intimate colic causes, but only 
the clinical usual investigation results, in this field study, we presented solely the 
time until registered symptoms were relieving after treatments and not which of 
these two substances was the best (Tables 1 and 2). 

 
Table 1 

Cases treated with flunixin meglumine 
Cases treated 
with flunixin 

(i.v.) 
Sex Age 

(years) 
Weight 

(Kg) 
Dosis 
(ml) 

Time(min) 
(until symptoms 

relieve) 
1 M 4 745 17 ml 10-15 
2 M 4 490 11 ml 20-25 
3 F 2.5 455 10 ml 15-20 
4 F 5.5 320 8 ml 25-30 
5 F 5 470 11 ml 10-15 
6 F 3 450 10 ml 15-20 
7 F 8.5 420 10 ml 10-15 
8 F 9 510 11 ml 10-15 
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9 M 6.5 240 5 ml 10-15 
10 F 12 780 18 ml 20-25 
11 F 4.5 710 15 ml 15-20 
12 F 12.5 480 10 ml 10-15 
13 F 16 450 10 ml 20-25 

 
Table 2 

Cases treated with metamizole 
Cases treated 

with 
metamizole 

(i.v) 

Sex Age 
(years) 

Weight 
(Kg) 

Dosis 
(ml) 

Time(min) 
(until symptoms 

relieve) 

1 M 11 450 45 ml 40-45 
2 F 2 400 40 ml 65-70 
3 F 5 470 47 ml 70-75 
4 F 2.5 450 45 ml 50-55 
5 M 5.5 320 30 ml 100-110 
6 M 9 500 50 ml 75-80 
7 F 12 750 75 ml 60-65 
8 M 8.5 800 80 ml 80-90 
9 F 6.5 240 24 ml 65-70 

10 F 3 450 45 ml 60-65 
 

Clinical management of colic in horses is enough different from much other 
clinical syndromes management, because in this case, the veterinarian’s main 
objective is to decide rapidly and correctly for applying medical treatment or for 
exploratory celiotomy and not to establish a definitive diagnosis.  

In this respect, the veterinarian has to gather all information about animal 
history, physical examination and clinical pathology. In combination of these data, 
the veterinarian should know for sure if it is a colic caused by obstructive or 
ischemic conditions, or, if is opportune to start the drug therapy (1, 3). 

Time necessary to take this decision is crucial for horse’s welfare. Delaying 
or postponing an appropriate therapeutic approach, to a patient with intestinal 
disease can lead to shock caused by endotoxins which cross lesional intestinal 
mucosa, often ending with death (6, 10). 

In Table 3 are presented a data synthesis after known authors about the 
animals’ history and main colic risk in horses, that should be obtained for reach a 
correct decision (1, 6, 13, 14, 16). 
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Table 3 
Correlation between animal history and main colic risk in horses 

Animal history Risk of colic 

Feeding Sudden ration changes, excessive concentrates, rare, 
abundant rations, long grazing 

Behaviour Spending a long time in the stable, water insufficient access  
Training  Intensive & exhausting trainings 
Prophylaxis Periodic teeth care and antiparasitic treatments 
Treatment  Long time administration of NSAID’s 
Recurrent colic  Antecedent surgery 

 
Between parameters obtained at clinical examination, heart rate is most 

valuable for determining the value of therapeutic procedures, being considered the 
mirror of the patient's cardiovascular status. Heart rate is considered the safest 
operating indicator and animal survival. This parameter must be obtained before 
the analgesic administration, to avoid the eventual drug linked changes (16). 

The most useful test for diagnosing the type of bowel obstruction is 
transrectal examination. For a good management of colic symptoms, practitioners 
must know their real location.  

Although, in most cases, colic is associated with bowel disease, this can be 
also associated with other organ dysfunctions such as: urinary or biliary duct 
obstruction, uterine torsion or neurological disorders etc. (2, 8, 11, 13, 15). 

Duration of pain and its rebel character to drug therapy are often signs that 
will lead to abdominal celiotomy. To obtain good results with drug therapy this 
should be instituted before the pain becomes severe (7, 12). 

Short-term analgesia administration, xylazine or butoprophanol, with 30-40 
minutes effects, allow the veterinarian to determine if pain is recurrent or not, but 
must be known that these alpha-2 agonists have strong analgesic power and can 
hide other intestinal disorders that can require surgical intervention (4, 5, 9, 17). 
 

Conclusions 
 

In our study the time for colic symptomatic relief was shorter in horses 
treated with flunixin meglumine than with metamizole.  

Time average of total return, ie the absence of any signs of colic in the 
case of flunixin meglumine was of: 17.12 minutes, compared with metamizole, 
where the average was of: 69.5 minutes. 

Also, in field, the most useful test for diagnosing the type of bowel 
obstruction is considered the transrectal examination and between parameters 
derived from clinical examination, heart rate is the most valuable in determining the 
importance of therapeutic procedures, in colic case under field conditions. 
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Summary  

 
The study carried out on 28 white Wistar adult female rats, divided in three 

experimental group (E), chronic exposed to 50 ppb Pb (E1), 100 ppb Pb (E2), 150 ppb Pb 
(E3) and one control (C) group which received tap water not containing lead pointed out: 
significant decrease, within physiological limits, of FSH, estradiol and progesterone serum 
level comparative to control group, inversely, significantly correlated with the exposure level, 
increase, within physiological limits, of LH and testosterone serum level comparative to C 
group, directly, significantly correlated with exposure level. 

Key words: lead, hormones, rats, females 
 

Lead compounds are used as a coloring element in ceramic glazes, 
notably in the colors red and yellow. Lead is frequently used in polyvinyl chloride 
(PVC) plastic, which coats electrical cords (1).  

Lead is known as sever and aggressive contaminant on human and 
animals organism health status (3). 

 
Materials and methods 

  
The study was carried out on 28 withe Wistar adult female rats, divided in 

three experimental groups, chronic exposed via drinking water to 50 ppb Pb (E1), 
100 ppb Pb (E2), 150 ppb Pb (E3) and one control (C) group which recived tap 
water not containing lead. The female rats were fed with standards diets, 
corresponding to species and age. Forages and water were ad libitum. 

FSH, LH, estradiol, progesterone and testosterone level were evaluated in 
proestrus faze. 

The sexual hormones were determined by Elisa technique at Tody,s 

Laboratories Bucharest. The results had been processed by Anova method and 
Student test. 

All assays with animals were conducted in accordance with present Laws 
regarding animal welfare and ethics in animal experiments (4, 5, 6, 7, 8, 9). 

  
 

 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(4), 2012, TIMIŞOARA 
 

 173
 

Results and discussions 
 
The serum hormone value chronic exposure is summarized in table 1 and 

figures 1, 2, 3, 4, and 5. 
In control (C) group and in exposed groups (E), the FSH serum level was 

in physiological limits (up to 500 ng/ml) (2), toward the inferior limit. 
Exposure to lead acetate determined significant (p<0.01) decrease of 

serum FSH level comparative to C group, and inversely, significantly (p<0.01) 
correlated with the exposure level: E1/C: -30.42%; E2/C: -67.03%; E3/C:- 82.19%; 
E2/E1: -52.61%; E3/E2: -46%; E3/E1: -74.41%.  

Serum LH level was in physiological limits (35 ng/ml), only in C group, in E 
groups the LH level was significantly (p<0.01) higher comparative to C group and 
directly, significantly (p<0.01) correlated with the exposure level: E1/C: + 105.22%; 
E2/C:+204.84%; E3/C:+348.82%; E2/E1: +48.54%; E3/E2: +47.23%; E3/E1: 
+118.70%.  

The serum level of the estradiol was at the inferior limit of the physiological 
values (up 50 ng/l) both in C and in E groups. 

Exposure to lead determined significant (p<0.01) decrease of the estradiol 
serum level comparative to C group E1/C: -49.60%; E2/C: -91.60%; E3/C:- 95.20%, 
inversely, significantly (p<0.01) correlated with the exposure level E2/E1: -83.33%; 
E3/E2: -42.85%; E3/E1: -90.47%. 

The serum progesterone level was in physiological limits (up to 60 ng/ml) 
(2) in C and E group. 

Exposure to lead determined significant (p<0.01) decrease of serum 
progesterone level comparative to C group E1/C: -17.92%; E2/C: - 44.24%; E3/C:- 
63.75%. Progesterone was in E group inversely, significantly (p<0.01) correlated 
with the exposure level E2/E1: -32.07%; E3/E2: -34.99%; E3/E1: -55.83%. 

No references regarding physiological serum testosterone limits for female 
rats were found. Serum testosterone level was significantly (p<0.01) higher in E 
groups comparetive to C group (E1/C: +72%; E2/C: +124%; E3/C:+220%), in direct, 
significant (p<0.01) correlation, with the exposure level: E2/E1: +30.23%; E3/E2: 
+42.85%; E3/E1: +86.04%. 

The FSH secretion peak in very difficult to be surprised because of the very 
short period of discharge, mostly at the beginning of the proestrus (2). 

Also, proestrus in the moment with the most increased frequency of the LH 
pulsatile waves (2). 

 
Table 1 

Serum hormone level chronic exposure to lead acetate 
Serum hormone level (ng/ml) 

 FSH LH Estradiol Progesteron Testosteron 

C 
(X±SX) 475.73±1.85 28.92±0.56 2.50±0.15 47.26±1.08 0.25±0.03 
D.S. 4.88 1.47 0.39 2.87 0.07 

CL. 95% 2.42 2.57 0.19 2.12 0.05 
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E1 
(X±SX) 331.0±1.15 59.35±1.02 1.26±0.08 38.79±1.06 0.43±0.02 
D.S. 3.05 2.71 0.22 2.81 0.06 

CL. 95% 2.42 2.57 0.19 2.12 0.05 

E2 
(X±SX) 156.86±0.77 88.16±1.14 0.21±0.06 26.35±1.32 0.56±0.02 
D.S. 2.03 3.02 0.15 3.50 0.06 

CL. 95% 2.42 2.57 0.19 2.12 0.05 

E3 
(X±SX) 84.69±0.43 129.80±1.88 0.12±0.03 17.13±0.39 0.80±0.03 
D.S. 1.15 4.96 0.08 1.04 0.08 

CL. 95% 2.42 2.57 0.19 2.12 0.05 

 
Fig. 1. Dynamics of FSH serum level (ng/ml) 

 

 

 

Fig. 2 Dynamics of LH serum level 
(ng/ml) 

Fig. 3. Dynamics of estradiol serum 
level (ng/ml 
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Fig.4. Dynamics of progesterone serum 

level (ng/ml) 
Fig. 5. Dynamics of testosterone serum 

level (ng/ml) 
 

 

No references regarding the physiological limits of serum testosterone in 
female rats were found in studied literature. The increase of serun testosterone 
level was in the present study concomitant with the increase level, over 
physiological limits, of serum LH. It is known that LH stimulates at maximum the 
theca androgen production. The theca cells have the enzymes for the cholesterol 
conversion into androgenes. 

 
Conclusions 

 
Chronic exposure to lead acetate determined: 
� Significant decrease, in physiological limits, of FSH serum level, 

comparative to C group and inversely, significantly correlated with the 
exposure level; 

� Significant increase, over physiological limits, of LH serum level, 
comparative to C group and directly, significantly correlated with the 
exposure level; 

� Significant decrease of estradiol level, within physiological limits, 
comparative to C group and inversely, significantly correlated with the 
exposure level; 

� Significant decrease, within physiological limits, of serum progesterone 
level, comparative to C group and directly, significantly correlated with 
the exposure level; 

� Significant increase of serum testosterone level comparative to C group 
and directly, significantly correlated with the exposure level. 
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Summary 
 

The exposure of male Wistar rats during one month to aluminium (1000 ppb in 
drinking water) and aqueous extract of Sempervivum tectorum (6% infusion) emphasised: 
significantly increased of aluminium levels in liver and kidneys in all cases of aluminium 
exposure  comparative to control group and those levels decreased significantly in rats 
exposed to Sempervivum tectorum aqueous extract.   

Key words: aluminium, sempervivum, rats 
 

Aluminium is considered to have negative effects that exceed the benefic 
effects and, in conclusion, aluminium is a trace element with toxic risk potential (6, 
10). Aluminium is released to the environment by natural processes and from 
various anthropogenic sources. Aluminium occurs in silicates as hydrous 
aluminium oxides and hydroxides; it is not found as free metal and has only 
oxidation state (5).  

Chronic exposure to aluminium can produce disorders of bone, nervous, 
hematopoetic and respiratory systems  (2, 4, 9) and also can produce reproductive 
disorders in male and female (8, 11, 13) 

Sempervivum tectorum, part of Crasulaceae family, is used in folk 
medicine, either taken internally or used externally, it is extremely useful in skin 
diseases, inflamed eyes, and enlarged glands (7). It is also used in ear 
inflammations, herpetic skin eruption, minor burns and wounds (1). 

 
Materials and methods 

 
The study was carried out on 28 Wistar rats divided in 4 groups as follows: 

one control group (C) receiving tape water and three experimental groups (E): E1 – 
1000 ppb aluminium as aluminium sulphate (level found in drinking water for animal 
consumption in aluminium industry area), E2 – 1000 ppb aluminium combined with 
Sempervivum tectorum 6% extract, E4 – Sempervivum 6% extract. All groups 
received food and water ad libitum for one month period. The aluminium and 
kidneys levels were assessed by atomic adsorption spectroscopy after nitric acid 
digestion using a Shimadzu AA6650 spectrophotometer with graphite furnace at 
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309,3 nm wavelength. The results were statistically evaluated using ANOVA 
program and Student t-test. 

 
Results and discussions 

 
The results are presented in table 1, 2 and fig. 1 and fig. 2. 
 

Table 1 
Aluminium in liver of rats exposed to aluminium and Sempervivum 6% 

infusion (ppb) 
Group X±Sx SD Confidence 

interval 95% 
C   8.67 ± 1.19 3.52 12.34 
E1 

*** 46.62 ± 6.31 8.02 12.34 

E2
 ** 19.43 ± 2.47 10.95 12.34 

E3
  ns    8.33 ± 2.75 4.29 12.34 

  ns not significant, ** p<0.01, *** p<0.001 
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Fig.1. Dynamics of aluminium in liver of rats exposed to aluminium and 

Sempervivum 6% infusion 
 
Aluminium level increased significantly in rats liver exposed to aluminium 

sulphate comparative to control (E1/C: +437.71%, p<0.001; E2/C: +124.1%, 
p<0.01). When S. tectorum 6% was administered together with aluminium sulphate 
the aluminium level in liver was reduced significantly (p<0.05) comparative to 
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aluminium alone exposed group (E2/E1: -58.32%). Not significant differences were 
recorded between S. tectorum group and control group (p>0.05) (E3/C: -3.92%). 

 
Table 2 

Aluminium in kidneys of rats exposed to aluminium and Sempervivum 6% 
infusion (ppb) 

Group X±Sx SD Confidence 
interval 95% 

C   10.35 ± 2.14 2.25 10.16 
E1 

***    34.52 ± 3.45 4.43 10.16 

E2
 *   16.22 ± 4.55 2.86 10.16 

E3
  ns    9.14 ± 1.04 5.44 10.16 

  ns not significant, * p<0.05, *** p<0.001 
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Fig.2. Dynamics of aluminium in kidneys of rats exposed to aluminium and 

Sempervivum 6% infusion 
 
 
Aluminium level in kidneys of rats exposed to aluminium sulphate 

increased significantly (p<0.001) comparative to control (E1/C: +233.52%). When 
S. tectorum 6% was administered together with aluminium sulphate the aluminium 
level in kidneys was reduced significantly (p<0.05) comparative to aluminium alone 
exposed group (E2/E1: -53.01%), but still remained significantly (p<0.05) higher 
than in control group (E2/C: +56.71%) Not significant differences were recorded 
between S. tectorum group and control group (p>0.05) (E3/C: -11.69%). 

The reduction of aluminium levels in liver and kidneys by Sempervivum 
tectorum infusion could be a consequence of tannin content of this plant (Bunny), 
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the tannins precipitating the aluminium in the digestive tract or even removing the 
aluminium from those tissues. 

The results are in concordance with study of Szentmihályi et al. (12) which 
observed a significant reduction of aluminium level in liver of hyperlipidemic rats 
following S. tectorum extract administration.    

 
Conclusions 

 
Rats exposure to aluminium and Sempervivum extract emphasized:  
- increase of liver and kidneys aluminium levels comparative to control 

group; 
- decrease of aluminium levels in both organs when Sempervivum 

tectorum infusion was administered. 
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Summary 

The aim of this study was the evaluation of sperm quality markers: sperm count, 
total motility, progressive motility and percentage of sperm with anomalies at sexual 
maturity, after exposure to potassium dichromate (Cr VI) in suckling period. Female rats, 
divided in four groups: three experimental and one control, were exposed via drinking water 
to potassium dichromate after delivery as follows: E1  25 ppm Cr VI (LOAEL); E2  50 ppm Cr 
VI; E3  75 ppm Cr VI, control received tap water without chromium content. The pups from 
each E group were exposed via milk and drinking water. After weaning and until sexual 
maturity pups received only tap water without chromium. 

The study pointed out: significant decrease of sperm count, total and progressive 
motility comparative to control group and in inverse, significant, correlation to exposure level; 
significant increase of sperm anomalies percentage comparative to control group and in 
direct, significant correlation to exposure level.  

Key words: rat, male, sperm, chromium VI 
 
Chromium is a transition element found in many compounds in the Earth’s 

crust. It occurs in the environment mainly in two states, trivalent and hexavalent. 
Chromium III is an essential trace element, in small amount, whereas chromium VI 
is considered highly toxic to living beings (10). Chromium is used in the production 
of chromates, chromium plating, chromate pigment manufacture and the production 
of cement and stainless steel (8).  

The aim of this study was the evaluation of the potassium dichromate 
impact on sperm quality at sexual maturity after exposure to potassium dichromate 
(Cr VI) in suckling period. 

Materials and methods 

The study was carried out on initially 8 white Wistar female rats purchased 
from Faculty of Medicine and Pharmacy Biobase Cluj-Napoca. Female rats, divided in 
four groups: three experimental and one control, were exposed via drinking water to 
potassium dichromate after delivery as follows: E1  25 ppm Cr VI (LOAEL); E2  50 ppm 
Cr VI; E3  75 ppm Cr VI, control received tap water without chromium content. The pups 
from each E group were exposed via milk and drinking water. After weaning and until 
sexual maturity pups received only tap water without chromium.  
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At sexual maturity seven male rats from each group, experimental and 
control, were sacrificed following protocols and ethical procedures (Ketamine and 
Xylazine) and sperm quality markers were determined. Sperm samples were 
collected from cauda epididymis, diluted with Tyrod’s solution and then sperm 
count, total and progressive motility was determined using computer assisted 
semen analysis – CASA. Sperm anomalies were evaluated on Olympus 
microscope B52 (100x, 200x, 400x magnification). 

All the animals were provided free access to food and water. The study 
was performed in compliance with national and international laws regarding animal 
welfare and ethics in animal experiments: 143/400/2002; 471/2002; 205/2004; 
206/2004; 9/2008; 63/UE/2010; 86/609/CEE. 

The results were statistically analyzed by Anova method and Student test. 

Results and discussions 

The results are summarized in tables 1-2 and figures 1-4. 
Table 1 

Mean sperm count (x106) at sexual maturity 
Groups x±Sx SD CI 95% 

C 874.10±0.20 0.54 0.46 

E1 817.83±0.21* 0.56 0.46 

E2 803.80±0.31* 0.83 0.46 

E3 796.81±0.11* 0.28 0.46 
E/C: * p˂0.01 
 

Exposure of male pups during suckling period determined significant 
(p˂0.01) decrease of sperm count in male pups at the sexual maturity comparative 
to control ones (E1/C: 6.44%; E2/C: -8.04%; E3/C: -8.85%). Correlation with 
exposure level was significant (p˂0.01) and indirect (E2/E1: -1.72%; E3/E2: -0.87%; 
E3/E1: -2.58%). 

Total sperm motility decreased significantly (p<0.01) after chromium 
treatment in comparison to control group (E1/C:-13.79%; E2/C:-21.92%; E3/C:-
29.15%), in indirect, significant (p<0.0001) correlation to chromium exposure level 
(E2/E1:-9.43%; E3/E2:-9.27%; E3/E1:-17.82%).  

Comparative to control, in all experimental groups was observed significant 
(p<0.01) decrease of progressive motility, indirectly, significantly (p<0.01) 
correlated to exposure level (E1/C:-36.14%; E2/C:-46.64%; E3/C:-58.20% E2/E1:-
16.45%; E3/E2:-21.66%; E3/E1:-34.54%).  

Percentage of abnormal sperm was significantly (p<0.01) higher in 
experimental groups comparative to control (E1/C:+43.90%; E2/C:+69.70%; E3/M: 
+87.72%). Increase of spermatozoa with abnormal morphology was directly, 
significantly (p<0.01), correlated to exposure level (E2/E1:+17.93%; E3/E2:+10.61%; 
E3/E1:+30.45%). 
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Table 2 
Total, progressive motility and sperm with anomalies percentage 

Groups Total motility Progressive motility  sperm anomalies 

x±Sx SD CI 
95% 

x±Sx SD CI 
95% 

x±Sx SD CI 
95% 

C 80.86±0.26 0.69 0.61 68.00±0.31 0.82 0.47 12.71±0.18 0.49 0.49 

E1 69.71±0.29* 0.76 0.61 43.43±0.20* 0.53 0.47 18.29±0.29* 0.76 0.49 

E2 63.14±0.34* 0.90 0.61 36.29±0.18* 0.49 0.47 21.57±0.20* 0.53 0.49 

E3 57.29±0.29* 0.76 0.61 28.43±0.20* 0.53 0.47 23.86±0.26* 0.69 0.49 

E/M: * p<0.01 
 

Main abnormalities found were primary: detached head, head without tail; 
secondary: coiled tail, torn tail and bent tail.  

Regarding anomaly type it was observed that primary anomalies were less 
represented but the secondary one were the most frequent especially at maximum 
level of exposure.  

 

                       
Fig. 1 Sperms with anomalies:  

� bent tail, ← heads without tail 
Fig. 2 Sperms with anomalies:  

heads without tail 
 

                               
Fig. 3 Sperms with anomalies 
← bent tail,� deteached head 

Fig. 4 Sperms with anomalies  
← coiled tail, � bent tail 
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The obtained results regarding sperm count after chromium exposure are 
in agreement to those obtained by the other authors (2, 3, 6, 11) but are in 
contradiction with Bonde and Ernst (5) and Kumar et al. (9) which studied industrial 
workers occupationally exposed to chromium and haven’t observed alteration in 
sperm count.  

Regarding total motility, results coincide with some authors (7) and are 
contradictory to others (5, 9), which found no modification in total sperm motility 
after chromium treatment.  

The decrease of progressive motility was also observed by Subramanian et 
al. (11). However, Bonde and Ernst (5) and Kumar et al. (9) observed that men, 
occupationally exposed to chromium had no reduced sperm progressive motility.  

The increase of abnormal sperm percentage after chromium exposure was 
emphasized also by Acharya et al. (1), Kumar et al. (9); Acharya et al. (2), and are 
contradictory to those obtained by Bonde and Ernst (5). They studied sperm of 
occupationally exposed workers and observed no increase of sperm abnormalities. 

Potassium dichromate is hexavalent chromium compound which is 
believed to produce reactive oxygen species (ROS), like all other hexavalent 
chromium compounds (12). Mammalian spermatozoa, rich in polyunsaturated acids 
are very susceptible to ROS attack, which causes sperm motility and viability 
decrease and increase of morphological defects (13). Also low levels of 
testosterone induced by Leydig cell atrophy and necrosis, consecutive Cr VI 
exposure (1, 4, 6), could explain sperm deterioration. 

The results of our study indicate that Cr VI is a male reproductive toxicant, 
affecting sperm quality in adult Wistar rats.  

Conclusions 

The exposure of female rats to potassium dichromate (Cr VI), via drinking 
water (25, 50 and 75 ppm Cr), during the suckling period determined in male pups 
at sexual maturity: 

� Significant decrease of sperm count comparative to control group and in 
inverse  correlation to exposure level; 

� Significant decrease of total and progressive motility comparative to control 
group and in inverse  correlation to exposure level; 

� Significant increase of sperm anomalies percentage comparative to control 
group and in direct correlation to exposure level. Both, primary and 
secondary anomalies were found. 
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Summary 

The aim of this study was the evaluation of biochemical biomarkers of testicular 
function: serum LH and testosterone level at sexual maturity after exposure to potassium 
dichromate (Cr VI) in suckling period. Female rats, divided in four groups: three experimental 
and one control, were exposed via drinking water to potassium dichromate after delivery as 
follows: E1 25 ppm Cr VI (LOAEL); E2 50 ppm Cr VI; E3  75 ppm Cr VI, control received tap 
water without chromium content. The pups from each E group were exposed via milk and 
drinking water. After weaning and until sexual maturity pups received only tap water without 
chromium. 

The study pointed out: significant increase of serum LH level comparative to control 
group and in direct, significant correlation to exposure level, significantly decrease of serum 
testosterone level comparative to control group and in inverse correlation to exposure level. 

Key words: rat, male, chromium VI, LH, testosterone 
 
Chromium is a naturally occurring element found in rocks, animals, plants, 

soil and in volcanic dust and gases. It is an element that can exist in a variety of 
oxidation states, but the most common forms are chromium (0), trivalent (III) and 
hexavalent (VI) (2).  

Chromium carcinogenicity was first identified over a century ago and 
hexavalent chromium compounds were amongst the earliest chemicals to be 
classified as carcinogens (16). Hexavalent chromium compounds are generally 
man-made and considered as more toxic than trivalent chromium (15). 

Hexavalent chromium is a metal used in more than 50 industries: leather 
tanning, chrome electroplating, welding, stainless steel factory, wood processing, 
etc. (2). 

The aim of this study was the evaluation of biochemical biomarkers of 
testes function: serum LH and testosterone level at sexual maturity.  

 
Materials and methods 

 
The study was carried out on initially 8 white Wistar female rats purchased 

from Faculty of Medicine and Pharmacy Biobase Cluj-Napoca. Female rats, divided 
in four groups: three experimental and one control, were exposed via drinking 
water to potassium dichromate after delivery as follows: E1  25 ppm Cr VI (LOAEL - 
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7); E2  50 ppm Cr VI; E3  75 ppm Cr VI, control received tap water without chromium 
content. The pups from each E group were exposed via milk and drinking water. 
After weaning and until sexual maturity pups received only tap water without 
chromium.  

At sexual maturity seven male rats from each group, experimental and 
control, were sacrificed following protocols and ethical procedures (Ketamine and 
Xylazine) and blood samples were collected. Serum testosterone and LH level was 
determined by Tody Laboratories, Bucharest (ISO 17025) using chemiluminiscence 
method. 

Animals were provided free access to food and water. 
The study was performed in compliance with national and international 

laws regarding animal welfare and ethics in animal experiments: 143/400/2002; 
471/2002; 205/2004; 206/2004; 9/2008; 63/UE/2010; 86/609/CEE. 

The results were statistically analyzed by Anova method and Student test. 
 

Results and discussions 
 

The results are summarized in table 1 and figures 1-2. 
 

Table 1 
Serum LH and testosterone (ng/ml) concentration at sexual maturity 

Groups LH Testosterone 

x±Sx SD CI 95% x±Sx SD CI 95% 

C 0.44±0.01 0.04 0.03 2.51±0.03 0.07 0.05 

E1 0.57±0.01* 0.02 0.03 2.25±0.02* 0.05 0.05 

E2 0.70±0.01* 0.03 0.03 2.11±0.01* 0.03 0.05 

E3 0.78±0.01* 0.04 0.03 1.95±0.03* 0.07 0.05 
E/C: * p˂0.01 
 

At sexual maturity, in all exposed individuals significant increase (p<0.01) 
of serum LH concentration comparative to C group was recorded (E1/C: +29.54%; 
E2/C: +59.09%; E3/C: +77.27%). Increase was direct and significantly correlated to 
exposure level, (E2/E1: +22.80%; E3/E2: +11.42%; E3/E1: +36.84%).  

LH serum level was higher than the physiological limit (0.5 ng/ml - 9) in all 
E groups. Only values from C group were in phisiological range. 

Serum testosteron level decreased significantly (p<0.01) in all individuals 
exposed to potassium dichromate, comparative to control, (E1/C: -10.36%; E2/C: -
15.94%; E3/C: -22.32%) and in inverse, significant (p<0.01) correlation to exposure 
level (E2/E1: -6.23%; E3/E2: -7.59%; E3/E1: -13.34%). 

Testosterone serum level was in physiological limits (2-3 ng/ml – 9) in all 
groups, except E3 group. 
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Fig. 1. LH level dynamics after suckling period exposure 

 
Results regarding LH serum level dynamics are in accordance with those 

obtained by other authors Ernst and Bonde (8) in rat ; Li et al. (10) in men but are 
controversal to Chandra et al. (5) in rat results. 

Results related to serum testosterone level increase are similar to those 
obtained by Ernst and Bonde (8) in rat; Yousef et al. (17) in rabbit and Chandra et 
al. (5) in rat. 

 
Fig. 2. Testosterone level dynamics after suckling period exposure 

(Spf superior physiologal limit, Ipl – inferior physiological limit) 
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Decrease of testosterone serum level could be explained by the 
impairment of Leydig cells which plays a pivotal role in steroidogenesis (17). 
Structural changes in testes after Cr VI exposure were observed by some other 
authors (3, 11, 12, 14). 

LH level is regulated by negative feed-back by testosterone. That explains 
the increasing dynamics of LH levels. Also, the increase of serum LH emphasized 
that pituitary gland is still functional, though there are experiments that pointed out 
the negative impact of Cr VI on pituitary gland structure and functionality, 
respectively on hormones secretion (13). 

Conclusions 

The exposure of female rats to potassium dichromate (Cr VI), via drinking 
water (25, 50 and 75 ppm Cr), during the suckling period determined in male pups 
at sexual maturity: 

� Significant increase of serum LH level comparative to control group and in 
direct, significant correlation to exposure level; 

� Significant decrease of serum testosterone level comparative to control 
group and in inverse, significant correlation to exposure level. 
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