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Summary 

 

Metabolic rate of living organisms is strongly correlated with different compounds 
that mediate the appetite (in starvation or satiation way). Thus, the orexigenic compounds 
stimulate the appetite, while the anorexigenic compounds suppress the appetite. Orexigenic 
neurons stimulate eating and are neuropeptide hormones (neuropeptide Y – NPY) 

represented by orexin, ghrelin. Anorexigenic neurons suppress the appetite, producing -

melanocyte-stimulating hormone (-MSH) represented by leptin and insulin; and also by and 
peptide-tyrosine-tyrosine. Muscle, adipose tissue, liver, pancreas, stomach and the colon are 
responsible for orexigenic and anorexigenic peptide hormones that regulate the food intake 
and energy homeostasis. There are two forms of orexin: orexin-A – a peptide form from 33 
amino acids with two disulfide intrachain bonds, and orexin-B – a linear peptide form from 28 
amino acids; both forms of orexin are produced by hypothalamus cells. Ghrelin is another 
peptide hormone produced by gastrointestinal cells (in empty stomach), and has neuronal 
signal in central nervous system, increasing the appetite. Leptin is a peptide hormone, form 
from 145 amino acids, produced by adipose cells, that acts by inhibiting the hunger. Insulin 
is a peptide hormone form by two chains of amino acids bounded together by disulfide 
bridges, secreted by pancreas, and is associated by leptin in energy homeostasis. Peptide-
tyrosine-tyrosine hormone (PYY) is a neuropeptide Y, produced by the large intestine, with 
role in inhibition of orexigenic compound secretion. These compounds does not having role 
only in the health status, controlling the energy homeostasis (most in obesity), by also they 
are very important in exceptional longevity. 

Key words: orexigenic, anorexigenic compounds, energy homeostasis 

 

Food or feed intake is very important for survival in humans and animals, 
because the nutrients assure the energy homeostasis in organism. The balance 
between the nutrients intake and energy expenditure can be disrupted for a short 
time without medical problems, but an unbalance for a longer time lead to 
nutritional diseases, like anorexia or bulimia (15).  
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Taking in view the feeding behavior, energy metabolism and homeostasis, 
there is a very strong correlation between the appetites, brain (more exactly 
hypothalamus) and gut. There are some neuronal peptides hormones that connect 
the gastrointestinal tract with the hypothalamic-pituitary axis. Thus, the hypothalamus 
initiate the secretion of some appetite stimulating hormones before eating (example, 
in hunger), and appetite suppressing hormones after eating (example, in satiety). 
Even by smelling, seeing or touching the food or feed, in the organism it is initiated a 
cascade of neuro-hormonal responses, having as direct effect, the increasing of gut 
motility. Literature data presents even details about the appetite-gut-brain axis, 
highlighting the strong connections between food, cerebral function and digestion. 
After food or feed ingestion the hypothalamus send anorexigenic response by 
different hormones, such as: glucagon-like peptide-1 (GLP-1), peptide thyrosine-
tirosyne (PYY), pancreatic polypeptide (PP), cholecystokinin (CCK), oxyntomodulin 
(OXM or OXY), and the hormone produced by gut cell – ghrelin (10).  

Prenatal undernutrition of female rats can conduct to fetal growth 
retardation with negative effect on brain development. Non balance and under- 
nutrition for female rats during pregnancy exhibits upregulated action of orexigenic 
factors that increases the risk of metabolic disorders of fetuses (17).  

Together, the orexigenic and anorexigenic agents are specialized factors in 
energetic metabolism, which find the biochemical pathway to a neutral energetic 
balance (energy input and energy output). If there is an inadequate energy intake 
or expenditure the results are a positive or negative energy balance. Positive 
energy characterizes the case in which the nutrients intake is greater compared to 
energy consumption, and when the energy consumption is greater than energy 
input we have negative energy balance. 

 
Orexigenic peptides 

 
Orexigenic agents are substances that stimulate the appetite, and these 

compounds could be represented by a natural hormone or a drug. Orexigenic 
hormones produced by the orexigenic neurons signals are neuropeptides such as 
ghrelin, orexin or neuropeptide Y (NPY) that enhances the food or feed 
consumption, having as indirect effect on weight gain. Also, neuropeptide-tyrosine 
(NPY), galanin (GAL) and melano-concentrating hormone (MCH) are considered 
peptides with orexigenic effect (14). 

Most important orexigenic peptide hormones are ghrelin and orexin (OXA, 
hypocrenine-1). Ghrelin, also named lenomorelin (INN), is a peptide produced by 
A-like cells from stomach, and in the organism acts as a peptide hormone, having 
in its structure 28 amino acid rests, and at the serine 3 is acetylated mostly with an 
n-octanoic acid. It is also produced in hippocampus, male gonads and placenta, in 
pancreas and intestine, and also in pituitary gland (11). 
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Plasma concentration of ghrelin is maxim before food or feed intake, and 
decreases within 2 hours after food or feed intake. Also, ghrelin concentration 
increases in case of starvation or malnutrition (8). 

Ghrelin presence in the blood stimulates neuropeptide Y (NPY) and agouti-
related protein (AgRP) synthesis in hypothalamus, having the effect of stimulating 
the appetite and food or feed intake, so it regulates the energy homeostasis. At the 
molecular level, in the hypothalamus, ghrelin activate the AMP-activated protein 
kinase that produced a decrease of long-chain fatty acids concentration at 
intracellular level (6). Also, the same authors demonstrated that there is a strong 
metabolic relation between ghrelin and both, insulin and leptin hormones.  

Zigman and his collaborators, in 2005, demonstrate that ghrelin sends 
signals that are necessary for full phenotype development in case of diet-induced 
obesity (19).  

Clinical biochemistry and clinical nutrition use orexigenic drugs especially in 
chronic diseases and involuntary weight loss. In normal and adequate nutrition weight 
loss is associated with cytokine activity and also with cachexia and anorexia. 
Administration of orexigenic drugs improve the appetite, having as effect weight gain, 
maybe due a suppressing process of proinflammatory cytokines (12,16).  

Experimental studies on mice (ob/ob or db/db mice) showed that during 
starvation or in hungry situations, the blood level of NPY increased, which leads to 
stimulating the appetite, food or feed consumption, so increased energy supply (14).  

Other peptide neuroendocrine hormones with orexigenic effect are orexins 
(also known as hypocretines) that are found in two forms, orexin A and orexin B. 
Orexin A is hypocretine-1 (HCRT-1), while orexin B is hypocretine-2 (HCRT-2). The 
orexins were isolated from orexin gene (on chromosome 17q21) and the encoded 
protein was represented by a pre-protein form from sequences of amino acid 
characteristic to both orexin, C-terminally aminated. Orexin A is a peptide form from 
33 amino acids rests and has two disulfide bonds, and orexin B has 28 amino acids 
rest, in a linear chain. Orexin A is expressed in the lateral area or hypothalamus 
and transport is facilitated by crossing the blood into the brain very easy, probably 
by simple diffusion (9). The cells responsible by producing orexin are activated by 
the presence of ghrelin, glucagon and hypoglycemia, being inhibited by leptin.  

Neuropeptide Y it is an appetite-inducing peptide, that balance the feeding 
plan with the energy expenditure. This is the major component in energy 
homeostasis (7). Geriatric Clinical Practice use in special medical cases orexigenic 
agents because involuntary weight loss is frequently in elderly individuals, 
especially in people with psychiatric problems – depression could be the leading 
cause (20).  

Watterson and his collaborators in 2012 try to observe the relation between 
the rapamycin and nutrients, insulin and leptin. Rapamycin in also known as 
sirolimus and is a macrolide produced by Streptomyces hygroscopicus. Rapamycin 
is also used in medicine because its immunosuppressant functions, being used to 
prevent the rejection after organ transplantation (more often after kidney 
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transplant). They showed in their study that activation of rapamycin by the insulin 
and leptin hormones leads to anorexia, by suppressing the appetite, but the ghrelin 
increased AMP-activated protein kinase with stimulation of appetite (orexia) (20).  

Clinical use of orexigenic drugs can be well and responsible evaluated by 
the physicians because there are some compounds with stimulating appetite effect 
but with side effects, such as thrombosis (13).  

 
Anorexigenic peptides 

  
Anorexigenic agents are compounds characterized by suppressing the 

appetite. Even the name of this group of substances – anorexic agents – is related 
to anorexia (a diseases in which the organism loss the appetite and weight, having 
as result skinny individuals). Anorexic compounds are represented principally by 
leptin, and also some peptides like: POMC-derived melanocortins, cocaine and 
amphetamines-regulated transcript (CART), galanin-like peptide (GALP), 
corticotrophin-releasing factor (CRF) (10). 

Leptin is a peptide hormone produced by specialized cells from adipose 
tissue; it has 167 amino acid rests and 16kDa molecular mass, and it is known also 
as “satiety hormone” or “inhibiting hunger hormone” or it is found as symbol LEP, 
LEPD or OB and OBS. Leptin is a signaling agent that send to hypothalamus 
information to decreases the food or feed intake (1). 

The effect of leptin in organism is to decreases the food or feed intake, 
being opposite to ghrelin or other orexigenic peptide hormones. Leptin acts on the 
receptors found in the arcuate nucleus of hypothalamus mediate the appetite and 
energy homeostasis. 

Life-style change over decades, and nowadays the nutrition started to be 
very important both for people and animals. Peoples try to adjust their diet to the 
energy expenditure and life-style (working conditions and physical activity), and 
animals are nutritionally coordinated of farmers to give the best animal products on 
the market. So, long-term physical activity and decreasing the food intake helps in 
amelioration of some diseases correlated with obesity and over-weight. This 

process is possible by increasing proopiomelanocortin (POMC) and -melanocyte 

stimulating hormone (-MSH) that overcome the orexigenic neuropeptide Y (NPY) 
and agouti-related peptide (AgRP) (2). 

Leptin is found also in blood of infants that are feeding with human breast 
milk, as a result of the presence of leptin in milk during lactation (3). As well, leptin 
has the ability to signaling the brain, being involved in bone metabolism. Thus, the 
leptin production increases the cortical bone and decreases the cancellous bone, 
having direct effect on the size of the bone and bone resistance (4). 

Deficiency or low circulating plasma leptin alter the neuronal function by 
affecting the brain proteins, leading to anorexia, depression or other mental 
diseases like Alzheimer (5,12). 
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Conclusions 
 

 Orexigenic and anorexigenic compounds are peptides that interfere with food 
or feed intake and energy homeostasis. These compounds are hormones produced 
by different tissues, which act on the hypothalamus influence the appetite. 
 While, the orexigenic agents increase the appetite, by stimulating the 
secretion of ghrelin, and other peptides produced in pancreas or gastrointestinal 
tract, the anorexigenic agents decrease the appetite, being represented mainly by 
leptin and also by other hormones secreted by neuronal cells or adipose tissue cells. 
 Energy expenditure and nutrient intake are mediated by peptide hormones 
that adjust the balance to get good health status, being used in human clinical 
medicine and also in animal medicine, breeding and biotechnology.  
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Sumary 
 

Pyrethrins and pyrethroids are insecticides used for the treatment of insects 
infestation, such tick or flea. Accidental toxicity by pyrethrins or pyrethroids can occur with 
off-label usage, or to the cats which are particularly susceptible. 

The purpose of this study was to determine the circumstances of poisoning cats 
with pyrethroids and establish new therapeutic protocols.  

For this purpose it was made retrospective study of 18 cases of pyrethroids toxicity 
at cats, which was treated at Veterinary Clinic of Faculty and other veterinary clinics, from 
julay 2014 to may 2015. 

The diagnosis of pyrethroids toxicity was made on the basis of a history of 
exposure and characteristic clinical signs such us seizures (80%), muscle fasciculations 
(9%), tremors (95%), hypersalivation (100%) etc.  

Treatment protocols aim to control the clinical signs, seizure control and effective 
i.v. lipid emulsion therapy. Recovery typically occurred within 3 days, but in some cases took 
a single day or 5 to 10 days. 

Key words: pyrethroid, cats, toxicity, therapeutic, lipid emulsion  

 

Permethrins are a class I pyrethroid insecticide, a synthetic analog of 
pyrethrins. Pyrethrins are naturally occurring extracts from the flowers 
of Tanacetum (Chrysanthemum) cinerariifolium. Permethrin is a neurotoxicant that 
acts on gated sodium channels in the cell membranes of muscle and nervous 
tissue (7). Pyrethrin or powder extract made from petals contains 30% active 
substance (6). 

The first pyrethroid pesticide, allethrin, was identified in 1949. Allethrin and 
other pyrethroids with a basic cyclopropane carboxylic ester structure are type I 
pyrethroids. The insecticidal activity of these synthetic pyrethroids was enhanced 
further by the addition of a cyano group to give alpha-cyano (type II) pyrethroids, 
such as cypermethrin (2). 

According to the chemical composition pyrethroids are of 2 types: type I 
unrelated molecule alpha - cyan. In this category mention: allethrin (piretrinoid first 
synthesized) as in Raid spray as active substance; permethrin, tetramethrin, 
cismetrine, d - phenotrin etc; type II alpha - cyano related molecule. This category 
includes: cypermethrin, deltamethrin, fenvalerate, phenoprophanate etc.) (10). 

In most vertebrates, especially those who have enough enzymes for rapid 
decomposition, pyrethrins are considered safe but are extremely toxic to cats, their 
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lacking the enzyme - glucuronidase participating in hepatic metabolism. Pyrethroids 
of II generation may also have skin and eye irritant effects. The main effects of 
pyrethroids are on sodium and chloride channels. Pyrethroids modify the gating 
characteristics of voltage-sensitive sodium channels to delay their closure. Type II 
pyrethroids also decrease chloride currents through voltage-dependent chloride 
channels and this action probably contributes the most to the features of poisoning 
with type II pyrethroids. At relatively high concentrations, pyrethroids can also act 
on GABA-gated chloride channels, which may be responsible for the seizures seen 
with severe type II poisoning. Cats may be exposed from cutaneous application of 
topical products, oral ingestion, and direct contact with topically treated dogs. Many 
pet products contain permethrins, including over the counter spot-ons, flea sprays, 
flea collars, and flea shampoos (4). 

Cats may be exposed from cutaneous application of topical products, oral 
ingestion, and direct contact with topically treated dogs. Many pet products contain 
permethrins, including over the counter spot-ons, flea sprays, flea collars, and flea 
shampoos (4). 

The most used products that cats can become contaminated with this toxic 
are spot-on antiparasitic pipettes for dogs. For example in Romania, is commonly 
used the commercial product Advantix - spot-on pipettes for dogs. However just 
being in contact with insecticides containing pyrethrin, can be dangerous. 
Insecticides as Superkiller or Cyper -vet, even Decis can cause toxicosis in felines. 

Such cases are found worldwide (UK, Australia, USA, Germany, France, 
Spain, Switzerland, Italy, Sweden and Croatia). In Britain, for example, via the 
Veterinary Poisons Information Service (VPIS), a total of 286 cases in August 2007 
were reported; in June 2008, a clinic in Brisbane, Queensland has reported 20 
cases during October 2004 - June 2005; in February 2010 a clinic in Sydney, 
Australia reported 42 cases treated during 2007-3 (3). 

 
Materials and methods 

 
The number of cases studied during the period July 2014 - May 2015 was 

a total of 18 for all settling presumtive diagnosis of poisoning by insecticides 
containing pyrethroids.Work methodology involved: 

Making a retrospective study to assess the circumstances of toxicosis 
occurence in the cats under study. It was also desirable to establish the types of 
commercial products that cats were contaminated with and estimating the risk of 
using antiparasitic dog products containing pyrethrins or pyrethroids in cats, using 
epidemiological indicators of the type index of mortality and / or mortality. This was 
meant to be watched knowing that "Products that contain over 40% permethrin is 
labeled for use in dogs only" (4). 

For setting the diagnosis of suspected poisoned cats all of them were 
clinically assessed, following the most common clinical signs found in such a 
poisoning, insisting on observation of the digestive and nervous symptoms. 
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Treatment protocols aim to control the clinical signs while the toxicant is 
metabolized and excreted and focus on seizure control, decontamination, and 
supportive care. 
 

Results and discussions 
 

 Anamnetic data generally indicated a lack of information over owners 
regarding the toxicity of pyrethrins in cats , in many cases considering that a tiny 
quantity of antiparasitic products that has in its composition pyrethroids targeted for 
dog use can not determine a poisoning so severe or even fatal in a cat. 
 Following the epidemiological inquiry carried out over the year , it has been 
estimated that most cases (77%) were registered after using the commercial 
Advantix, containing permethrin 2,000 mg imidacloprid 400 mg for a dog over 25 
kg, while the lowest frequency after using Cyper -vet (6%) at a concentration of 10 
g per 100 ml product. Superkiller product was also used for deworming dogs 
(Fig.1). 

 

 
Fig. 1. Most used commercial product containing pirethroids 

 
Epidemiological data recorded indicated that the maximum period of 

appliance of this toxicosis was sprin, when deworming are the most common. 
During the survey two atypical cases were recorded out of the 18: 
One case being the antiparasitic treatment of two cats weighing 

approximately equal (3.5 Kg) in the same household with transcutaneous 
adminstration of product Superkiller, sprinkle straight on th animal. The emergence 
symptomatology characteristic of toxicosis by pyrethroid appered just in one animal 
while the second cat showed not changes in overall condition. 

A second situation was the transcutaneous administration of Advantix, 
aiming the external deworming of two cats. As in the previous case the toxicity was 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 

 

 14 
 

 

expressed in one case only. This could not be correlated with the age of the 
animals, breed or their sex, and it can only be presumed the status or reduced 
amount of toxic those animals have been exposed to (transcutaneous). 

Epidemiological data recorded were able to answer questions in the 
anamnesis: "What were poisoned with?" "How many were intoxicated and under 
which conditions?" and also being able to determine the percentages of mortality 
and morbidity. 

In the cases submitted the percent of mortality was 0% while clinical signs 
of intoxication resolved to healing for all 18 cases. Regarding the morbidity rate that 
was 88.88% for the 18 cases anamnetic and clinically assessed in order to 
establish presumptive diagnosis. 

Regarding the clinical aspects, they could determine the main clinical signs 
recorded in all the 18 cases, which coincided with literature indicating this type of 
toxicosis. According to the literature, the most common clinical signs are: muscle 
trembling - 86%; convulsions - 41%; hypaesthesia - 41%; state of feverishness - 
29%; salivation 24%; ataxia - 24%; mydriasis - 19%; temporary blindness - 12% 
(9). 

But in all the 18 cases the most often sign was hypersalivation with a 
percentage of 100%. Also in the literature hyperthermia is indicated as being 
present in 29%, but in the cases registered this clinical sign was not present for any 
animal, instead hypothermia appeared in 90% of cases. All cases evaluated 
clinically led to a classical clinical picture, with clinical signs common: salivation, 
nervous signs: convulsions, hyperexcitability, mydriasis (Fig. 2). 
 

 

Fig. 2. The main clinical signs present pyrethrins and pyrethroids poisoning in cats 
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Comparing the clinical signs of the cases evaluated in the present study 
with the literature, the only difference observed was the impairment of 
thermoregulatory function that in the present study was to hypothermia, contrary to 
what is known in the literature. 

Regarding therapeutic approach in these toxicosis, that was a symptomatic 
one for 16 cases, and in two cases was the administration of lipid emulsion. 
Symptomatic therapy was made taking into account the therapeutic approach 
regarding pyrethrin toxicosis, such as the control of convulsions often 
accomplished by either diazepam or midazolam. If convulsions continue after 
administration of benzodiazepines, propofol or alfaxalone may be considered. 
Methocarbamol is the drug most commonly used to control muscle fasciculation. 
Other management includes skin decontamination, ensuring a patent airway, IV 
crystalloids, and temperature monitoring. 

Symptoms therapy differed from case to case (Fig. 3). 
 

 

Fig. 3. The most commonly drugs used to treat symptomatically 
 

The treatment period was between 1 and 3 days, at most 4 in more serious 
cases. One of the cases was close to exitus, but the resuscitation undertaken reset 
vital functions, the animal being recovered. 

Also, for two of the 18 cases treatment with lipid emulsion was co-
administered with general medication, taking into account the fact that „intravenous 
lipid emulsion (I.L.E.) has been used in the treatment of lipophilic toxicities , local 
intravenous anesthetic overdose such as moxidectin toxicosis in dogs and and 
lidocaine toxicosis in cats. Permethrins is highly lipophilic molecules, thus there is 
potential ILE that can be used as adjunct therapy in treating toxicities "(5). 
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Conclusions 
 

The assessed cases were 18 in number during July 2014 - May 2015. 
The incidence of poisoning in cats was raised after using spot-on pipettes 

for dogs with Advantix commercial product in 77%, insecticide SuperKiller in 17% 
and 6% Cyper -vet. 

Following the analysis of epidemiological data has been observed that 
poisoning occurred at a higher frequency during spring when deworming are the 
most common. 

The main clinical signs recorded within the 18 cases were: salivation - 
100%, mydriasis - 98%, muscular tremors - 95%, hypothermia - 90%, 
hyperexcitability - 9%, convulsions - 80%. 

Treatment was given symptomatically for 16 cases, and in two of them a 
fat emulsion was given. 

The average duration for symptomatic treatment for the 18 cases was 
between 2-3 days; for the treatment of one case it lasted for 4 days. 
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Summary 

 
The investigations aimed to determine the level of heavy metals and minerals in the 

coat of cats and assessing their role in the occurrence of renal failure. Analyses were 
performed on hair samples from 15 cats. Six cats were clinically healthy, and formed the 
control group, and nine were suffering from renal failure, and formed the study group. Heavy 
metal and mineral content was determined using the ICP-OES method. 

Overall, the control group registered higher mineral levels. Males of the control 
group had the highest levels of all analyzed toxic metals (aluminum, cadmium, nickel, and 
lead). In the study group, individuals above five years of age registered greater values for 
aluminum, nickel, and lead, than cats below five years of age; cadmium content was the 
same, regardless of age. Female cats suffering from renal failure registered greater values 
for nickel and lead than clinically healthy females. Mean heavy metal and mineral levels in 
correlation with renal failure degree are generally in accordance with other references from 
scientific literature. 

Key words: cats, coat, heavy metals, minerals, kidney failure. 

 
The term “heavy metal” has been widely used over the past two decades, 

attempts of classification based on density, atomic weight, atomic number, and 
other chemical properties having been made (9). However, most sources generally 
define heavy metals as having a density five times grater than that of water (1, 25, 
32). The industrial and commercial uses of metals are continuously increasing. (20) 
Heavy metals, unlike organic compounds, are not biodegradable, thus their 
persistence in the environment causes pollution of air, water, and soil. (19). 
Moreover, they tend to bioaccumulate in plant, animal, and human tissues, with the 
tendency of getting concentrated as they progress through the food chain (32). 
Exposure to heavy metals occurs mainly via the oral route, inhalation, and dermal 
contact. (30) Metals and minerals have an essential role in biological processes. 
They are cofactors in enzymatic processes, contribute to the proper functioning of 
the nervous system, and are involved in oxidation and reduction. However, given 
the appropriate dosage, both essential and nonessential metals can be toxic (22). 
Alongside organs like liver, kidneys, heart, and lungs, generally, heavy metals also 
accumulate in keratin-rich tissues, like nails, hair, and skin (23, 24). Because the 
kidney has the ability to reabsorb and accumulate divalent metals, it is the first 
target organ of heavy metal toxicity (3, 18). Chronic kidney failure is the most 
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common renal disease in dogs and cats. Heavy metals are part of the nephrotoxic 
causes of renal failure, producing intrinsic damage to the vasculature, glomeruli, 
tubular epithelium, or interstitium of the kidney (11, 13.) Therefore, the correlation 
between heavy metal hair levels and the presence of kidney failure should be of 
interest for veterinarians, clinical practitioners, and researchers alike. Hair analysis 
has a non-invasive nature, which makes it a suitable option to both patients and 
veterinarians (23). The investigations were performed on domestic cats, both 
healthy cats and individuals suffering from renal failure, while taking into 
consideration the levels of heavy metals and minerals of their coats. 
 

Materials and methods 
 

The investigations were performed on 15 cats. They were divided into two 
groups: clinically healthy cats (n = 6) formed the control group, and individuals 
suffering from renal failure (n = 9) formed the study group. In the study group, eight 
cats were above seven years of age, and in the control group, two were above 
seven years of age. In the study group, four cats were females and five were 
males, and in the control group, four cats were females and two were males. The 
cats from the study group exhibited symptoms which led to the suspicion of renal 
failure. The disease was confirmed via biochemical blood tests. 

The hair samples were collected from both groups from the flank region, 
placed in disposable polyethylene bags, labeled, and transported to the laboratory. 
The samples were degreased, washed, and rinsed. Each sample was weighed, 
and then digested using a Speedwave MWS-2 Berghof microwave oven as 
following: Step 1: 120

o
C, power 50%; Step 2: 180

o
C, power 75%; Step 3: 100

o
C, 

power 40%. 
Digested samples were treated with 5 ml HNO3, 0.8 ml HCl and 1 ml H2O2, 

then diluted to 10 ml with ultrapure water and analysed by Thermo iCAP ICP–OES 
spectrometer (RF1100 W; reading time 30 s, washing time 30 s, nebuliser gas flow 
0.5 L/min; auxiliary gas flow 0.5 L/min; sample injection pump flow 50 rpm). 
Calibration curves were developed using standard solutions of 0.001 ppm, 0.01 
ppm, 0.1 ppm, 1 ppm, 5 ppm, 10 ppm, 50 ppm obtained by dilution from a multi-
element ICP MERCK standard containing 1000 ml/L of Al, Ba, Be, Bi, Ca, Cd, Co, 
Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Se, Sr, and Zn.  

 
Results and discussions 

 
Of the 20 determined elements, only 12 registered levels above the 

method’s detection limit. 
Mean mineral levels in hair samples from clinically healthy cats and cats 

suffering from renal failure are presented in Fig. 1. Important differences were 
observed in the case of aluminum, iron, magnesium, calcium, and cadmium, all 
elements being elevated in clinically healthy cats. 
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Heavy metal and mineral content in the coat of cats depending on health 
status and age is presented in Table 1. Clinically healthy cats generally registered 
greater mineral values than cats suffering from renal failure, with the exception of 
potassium and sodium. Nickel content was also higher in hair samples from the 
study group (study group 0.19; control group 0.15 mg•kg

-1
). Lead content was the 

same in both groups (0.05 mg•kg
-1

). Filistowicz et al., 2011 (12) assessed the 
heavy metal concentration in farm and wild fox hair. It was determined that farm fox 
hair registered higher levels for both nickel (farm foxes 0.48; wild foxes 0.3 mg•kg

-1
) 

and lead (farm foxes 0.64; wild foxes 0.63 mg•kg
-1

). Curi et al. [2012] conducted a 
study in the Brazilian Cerrado, assessing heavy metal levels in hair samples of wild 
canids. They found traces of lead in all species analyzed (maned wolf Chrysocyon 
brachyurus 2.34 mg•kg

-1
; crab-eating fox Cerdocyon thous 2.45 mg•kg

-1
; hoary fox 

Lycalopex vetulus 1.5 mg•kg
-1

), but cadmium traces were not detected. 
Cats below five years of age of the study group had twice as much nickel 

as cats below five years of age of the control group (study group 0.16; control 
group 0.08 mg•kg

-1
). Lead levels were also higher in cats below five years of age of 

the study group than in cats below five years of age of the control group (study 
group 0.04; control group 0.03 mg•kg

-1
).  
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Fig. 1. Mean mineral levels in hair samples from clinically healthy cats (CH) and 

cats suffering from renal failure (RF) (mg•kg
-1

) 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 

 

 20 
 

 

Table 1 
Mean heavy metal and mineral content in cat hair samples depending on 

health status and age (mg•kg
-1

) 

Elements 
Health status 

Below five years of 
age 

Above five years of 
age 

CH RF CH RF CH RF 

Al 31.25 9.27 27.27 6.63 35.23 9.60 

Ca 641.37 217.23 527.90 316.40 754.83 204.84 
Cd 0.15 0.01 0.02 0.01 0.28 0.01 

Cu 0.93 0.67 0.99 0.86 0.87 0.64 

Fe 24.58 7.05 21.33 5.97 27.83 7.19 

K 77.72 107.62 65.37 442.20 90.07 65.80 

Mg 53.32 15.51 45.93 26.20 60.70 14.17 

Na 922.62 1068.66 1128.17 3054.30 717.07 820.44 

Ni 0.15 0.19 0.08 0.16 0.22 0.19 

Pb 0.05 0.05 0.03 0.04 0.08 0.05 

Se 0.13 0.06 0.17 0.07 0.08 0.06 

Zn 11.19 6.81 11.95 5.62 10.43 6.95 

* CH = clinically healthy, RF = renal failure 
 

Table 2 
Mean heavy metal and mineral content in cat hair samples depending on 

health status and gender (mg•kg
-1

) 

Elements 
Males Females 

CH RF CH RF 

Al 45.30 8.23 24.23 10.56 
Ca 726.65 205.87 598.73 231.44 
Cd 0.40 0.02 0.03 0.01 
Cu 0.92 0.58 0.94 0.77 
Fe 34.25 7.51 19.75 6.47 
K 108.10 63.79 62.53 162.41 

Mg 54.90 14.15 52.53 17.21 
Na 868.15 815.85 949.85 1384.65 
Ni 0.27 0.18 0.09 0.21 
Pb 0.10 0.06 0.03 0.05 
Se 0.07 0.06 0.15 0.07 
Zn 10.60 6.18 11.49 7.59 

* CH = clinically healthy, RF = renal failure 
 

Cats below five years of age of the study group also had 6.76 times more 
potassium and 2.7 times more sodium than cats below five years of age of the 
control group. In the case of cats above five years of age, only sodium content was 
1.14 times higher in cats with renal failure than in clinically healthy cats. 

In the control group, cats who were above five years of age registered 
greater values for all toxic analyzed metals. Aluminum ranged from 15.1 mg•kg

-1
 to 

65.9 mg•kg
-1

, with an average value of 35.23 mg•kg
-1

. Cadmium ranged from 0.02 
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mg•kg
-1

 to 0.77 mg•kg
-1

, with an average value of 0.28 mg•kg
-1

. Nickel ranged from 
0.12 mg•kg

-1
 to 0.37 mg•kg

-1
, with an average value of 0.22 mg•kg

-1
. Lead ranged 

from 0.03 mg•kg
-1

 to 0.13 mg•kg
-1

, with an average value of 0.08 mg•kg
-1

. Cats 
above five years of age also had higher levels of calcium, iron, potassium, and 
magnesium. 

In the study group, cadmium content was the same regardless of age (0.01 
mg•kg

-1
), but the rest of the toxic metals had higher values in cats that were above 

five years of age. Thus, aluminum ranged from 0.2 mg•kg
-1

 to 22.08 mg•kg
-1

, with 
an average value of 9.6 mg•kg

-1
. Nickel ranged from 0.01 mg•kg

-1
 to 0.4 mg•kg

-1
, 

with an average value of 0.19 mg•kg
-1

. Lead ranged from 0.002 mg•kg
-1

 to 0.11 
mg•kg

-1
, with an average value of 0.05 mg•kg

-1
.  

Heavy metal and mineral content in the coat of cats depending on health 
status and gender is presented in Table 2. Clinically healthy male cats registered 
greater values than males with renal failure for all analyzed minerals. Female cats 
suffering from renal failure registered greater values than clinically healthy females 
for nickel (study group 0.22; control group 0.19 mg•kg

-1
), lead (study group 0.05; 

control group 0.03 mg•kg
-1

), potassium, and sodium. Kosla et al., 2011 (16), 
determined the nickel content in the coat of cats, depending on their keeping 
conditions, gender and age. Analyses showed that higher nickel contents are found 
in hair samples from pet cats (pet 0.81; feral 0.64 mg•kg

-1
), in males (males 0.75; 

females 0.7 mg•kg
-1

), and in cats above two years of age (above two years 0.87; 
below two years 0.58 mg•kg

-1
). 

In the case of clinically healthy cats, females registered greater values than 
males for copper, sodium, selenium, and zinc. However, males registered greater 
values for all toxic metals, aluminum (males 45.3; females 24.2 mg•kg

-1
), cadmium 

(males 0.45; females 0.02 mg•kg
-1

), nickel (males 0.27; females 0.09 mg•kg
-1

), and 
lead (males 0.1; females 0.03 mg•kg

-1
), and also for calcium, iron, potassium, and 

magnesium. Skibniewska et al., 2011 (26), assessed the zinc levels in the coat of 
pet and feral cats. They determined that feral cats registered greater values 
(250.52 mg•kg

-1
) than pet cats (227.28 mg•kg

-1
). Female feral cats had higher zinc 

values (268.09 mg•kg
-1

) than male feral cats (232.95 mg•kg
-1

), but pet males had 
higher zinc content (240.07 mg•kg

-1
) than pet females (214.49 mg•kg

-1
). 

In the case of cats with renal failure, females registered greater values for 
toxic metals like aluminum (females 10.56; males 8.23 mg•kg

-1
) and nickel (females 

0.21; males 0.18 mg•kg
-1

), but also for calcium, copper, potassium, magnesium, 
sodium, selenium, and zinc. Males registered greater values than females for toxic 
metals like cadmium (males 0.02; females 0.01 mg•kg

-1
) and lead (males 0.06; 

females 0.05 mg•kg
-1

), and also for iron. Skibniewski et al., 2013 (27), determined 
the lead content in hair samples from pet cats and feral cats. They observed that 
feral cats had significantly greater values (2.89 mg•kg

-1
) than pet cats (1.0 mg•kg

-1
). 

Pet males and females registered roughly the same lead levels (males 1.02; 
females 0.98 mg•kg

-1
), while feral females had a greater lead concentration than 

feral males (males 2.20; females 3.58 mg•kg
-1

).  
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Animals were divided into groups based on their type of renal failure. Thus 
were formed the acute renal failure group (ARF) and the chronic renal failure group 
(CRF). The CRF group was further divided into three stages (symbolized with a “+” 
symbol, CRF+++ being the most severe) based on blood creatinine level. 

Cadmium levels fluctuated, being the same in CRF+ and CRF+++ groups, 
slightly lower in the ARF group, and registered the lowest value in the CRF++ (Fig. 
2). 

Lead concentration is almost the same in the CRF+ and CRF++ groups, 
lower in the ARF group, and registered the lowest value in the CRF+++ (Fig. 2).  

Navas-Acies et al., 2009 (20), found that lead and cadmium coexposure 
was a very strong determinant of chronic renal failure. 

Nickel level increased as renal failure progressed (Fig. 2). Drazniowsky et 
al., 1985 (8), determined that serum nickel levels were elevated in patients 
suffering from chronic renal failure. 
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Fig. 2. Mean cadmium, nickel, and lead levels in correlation with renal failure 

degree (mg•kg
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Copper levels generally decreased as renal failure progressed (Fig. 3). The 
CRF++ group has a slightly higher copper concentration than CRF+. Batista et al. 
[2006] assessed the status of copper in patients with and without diabetes, who 
were also suffering from renal failure, and determined that the status of copper 
seems to not be influenced by renal failure, but by the metabolic disorders 
associated with diabetes. 

Selenium level registered no significant difference between groups, slightly 
decreasing as renal failure progressed (Fig. 3). Zachara et al., 2004 (33), 
determined that patients with chronic renal failure exhibit lower blood selenium 
levels compared to healthy subjects. 

Iron levels increased as renal failure progressed, but, in the CRF+++ 
group, iron registered the lowest level (Fig. 4). Horiguchi et al., 2011 (14), found 
that cadmium causes hemolysis, determining iron accumulation.  

Zinc levels decreased as chronic renal failure progressed (Fig. 4). In the 
ARF group, zinc registered a concentration which was between the values found in 
the CRF++ and CRF+++ groups. Tak et al., 2001 ( 29)assessed the blood level of 
zinc in chronic renal failure, and found that zinc was generally decreased. 

Aluminum concentrations generally increased as renal failure progressed, 
but the CRF+++ group registered the lowest level (Fig. 5). Alfrey et al., 1980 (2), 
studied the metabolism and toxicity of aluminum in renal failure, and found that the 
ability to prevent aluminum accumulation is overcome with renal failure. 

Magnesium levels gradually decreased as renal failure progressed (Fig. 5). 
Kimmel et al., 2015 (15), stated that fractional excretion of magnesium increases 
as CRF progresses. Blaine et al., 2015 (5), studied the renal control of calcium, 
phosphate, and magnesium homeostasis, and determined that 10-30% of 
magnesium is reabsorbed in the proximal tubule. Cadmium induced proximal 
tubular dysfunction could explain the decrease of magnesium levels. (31) 
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Fig. 5. Mean aluminum and magnesium levels in correlation with renal failure 
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Fig. 6. Mean calcium and potassium levels in correlation with renal failure degree 

(mg•kg
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Calcium levels gradually decreased as renal failure progressed (Fig. 6). 
Combs et al., 1982 (6), determined that hair analysis should not be able to discern 
dietary changes in calcium, as blood calcium concentration is homeostatically 
controlled, and dietary changes increase or decrease calcium only for short periods 
of time. Staessen et al.1991 (28), studied the effects of cadmium exposure on 
calcium metabolism, and determined that the effects on calcium metabolism 
develop gradually, as cadmium accumulates in the body. They found that if 
cadmium level increases, calcium level decreases, perhaps as a result of cadmium 
induced renal tubular dysfunction. 

Potassium levels are significantly higher in the ARF group (Fig. 6). The 
CRF++ group registered a slightly higher potassium concentration than the CRF+ 
group, and the  
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Fig. 7. Mean sodium levels in correlation with renal failure degree (mg•kg
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) 

 
CRF++ group registered the lowest levels. Einhorn et al., 2009 (10), 

determined that patients suffering from chronic renal failure are at risk of 
developing hyperkalemia. 

Sodium levels generally decreased as renal failure progressed, the CRF++ 
group registering a slightly higher concentration than the CRF+ group (Fig. 7). 
Kovesdy, 2012 (17), determined that the failing kidneys no longer have the ability to 
maintain water homeostasis, which can result in dysnatremias, both hypo- and 
hypernatremia being common conditions. 
 

Conclusions 
 

Hair is a suitable option for analyzing heavy metal and mineral levels due 
to its non-invasive nature. 

Nickel content was higher in hair samples from cats with renal failure than 
in clinically healthy cats, and lead content was the same in both categories. 

Cats with renal failure that were above five years of age registered greater 
values for toxic metals, like aluminum, nickel, and lead than cats below five years 
of age. 

Cadmium content in cats with renal failure was the same, regardless of 
age. 

Female cats suffering from renal failure registered greater values than 
clinically healthy females for nickel and lead. 

Clinically healthy males had the highest levels of all analyzed toxic metals 
(aluminum, cadmium, nickel, and lead). 

Males with renal failure had greater values for cadmium and lead, but 
females with renal failure had greater values for nickel. 

Mean heavy metal and mineral levels were generally correlated with renal 
failure degree, cats suffering from the most severe stage of renal failure registering 
the lowest mineral levels, which could indicate the reabsorption inability of the 
failing kidney. 
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Summary 
 

The authors present the importance of evaluation the anatomo-clinical status in 
thoracic effusions (pleural and pericardial), in corelation with the cytomorphological exam, for 
establishing a differential and positive diagnosis in dogs and cats. 

All methods of investigation led to the establishment of a working protocol for 
veterinary medicine, starting with the medical history, clinical exam, radiological exam and 
cytology from the collected fluid, for diagnosis, prognosis and that the most appropriate 
therapy. 

Key words: cancer, cytology, thoracic effusion, radiography. 

 
Radiographic, the effusions increase the opacity in the pleural space, with 

different aspect depending on the volume and the distribution of the accumulated 
fluid. (9) 

The radiographic exam allows the establishment of the presence and the 
distribution of the pleural effusions, but it cannot distinguish between the types of 
fluid collections from the pericardial and pleural space (transudate, modified 
transudate, exsudate - hemorrhagic, chylous, neoplastic, septic (3, 4, 6). 

The compound of the pleural effusion is maintained in physiological 
parameters by the fluid filtration mecanism, in the pleural space, lymphatic 
drainage and mesothelial cell activity (7,10), being represented by a low protein 
concentration (<1.5 g/dl) and a cellular component - mesothelial cells and 
monocytes (7). 

Regarding the analisis of these fluid accumulations in the pleural or 
pericardial space, we will  refer to the cellular proliferations (epithelial and 
hisitocytic) belonging to the serous, that led us to the diagnosis of mesothelioma, or 
to the diagnosis of some cell populations derived from a primary neoplastic 
process, representing fluid metastases (1, 2, 5, 8, 11). 

After consulting the literature from both domains (imaging and pathological 
anatomy), we concluded that these two specializations cannot exist except together 
to be able to properly diagnose and treat the suffering animal. 
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Materials and methods 
 

Between 2013 and 2015, 19 animals were taken in study at the Veterinary 
Clinic of the Faculty of Veterinary Medicine – Bucharest, Romania, mainly with 
clinical respiratory symptoms, but also with very severe anatomoclinical states (loss 
of appetite, severe apathy, severe anemia, fever etc.). 

These animals have been subjected to a very careful clinical examination, 
after a prior anamnesis related to previous diseases (mammary tumor ablation, 
chronic pulmonary disease, chronic cardiological disease, other neoplastic 
diseases, acute inflammatory syndromes etc.). 

All these data, obtained and registered in the clinical charts, have led to 
some suspicions, which had to be confirmed or not for establishing the definite 
diagnosis. For this, was used the radiological exam, which established a differential 
diagnosis for the diseases related to the pulmonary and/or cardiac pathology. Also 
a great importance was given to the lymph nodes from the thoracic cavity. 

If, at the radiological examination, fluid accumulations were present, 
thoracocentesis or cordocentesis was mandatory to be realised for collecting the 
fluid, in order to perform the cytomorphological exam.  

If the fluid was bloody, the sampling was obtained on tubes containing 
EDTA anticoagulant. 

After centrifugating the sample, the supernatant was removed, and from 
the remaining sediment, with a Pasteur pipette, a drop was spread on a 
microscope slide and colored May-Grȕnwald Giesma. After coloring, the smear 
was examined under the Olympus BX 51 microscope, and the cytomorphological 
bulletin was emitted, which represented the positive and differential 
cytomorphological diagnosis. 
 

Results and discussions 
 

In our study, 19 patients were investigated (10 canines and 9 felines), who 
presented various clinical symptomatology (table 1). Based on the medical history 
and clinical investigations, it proceeded to radiological examination of the thoracic 
cavity, where the pleural and pericardial cavity and the lymph nodes were 
analysed. From our entire casuistry of 19 animals, 10 dogs and 8 cats presented 
effusions in the pleural cavity, and 1 case (cat) presented it in the pericardial cavity 
(see table 1). 

Based on the cytomorphological diagnosis from the pleural effusions, was 
detected a number of 10 cases of carcinomatous metastasis (7 dogs and 3 cat), 
and the one with pericardial effusion (1 cat) also presented carcinoma metastasis 
(mucinous carcinoma). 

The other cytomorphological diagnoses were represented by: 3 animals (1 
dog and 2 cats) with the presence of the specific cells of an acute inflammatory 
process in the pleural effusion; 1 dog was diagnosed with epithelial-like 
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mesothelioma; 3 animals (1 dog and 2 cats) had malignant lymphoma metastasis 
(Waldenström lymphoma, Plasmacytoma, B-cell lymphoma) and 1 cat with 
malignant hepatoma metastasis. 

 
 

Table 1 
Anatomic and clinical aspects of thoracic effusions in dogs and cats 

Date Patient Anamnesis Clinical 
examination 

Radiological 
examination 

Cyto- 
morphological 
examination 

03/07/2013 Dog, Terrier, 
13 years, F 

Hard 
breathing for 
several days 

Cough 
Dyspnea 

Effusion in small 
quantity 

Carcinomatous 
metastasis  

31/07/2013 Dog, Caniche 
14 years, F 
 
 

Tired on 
effort 
Present 
appetite 

Productive 
cough and 
mild dyspnea 

Radiopaque 
formations 

Beaches of 
metastatic 
carcinoma cell  

28/01/2014 Cat, Birman, 
12 years 

The 
appearance 
of mammary 
tumors after 
excision of 
mammary 
chains. 
Present 
appetite. 
Chemothera
py. 

Moderate 
dyspnea 

Effusion with 
diaphragmatic 
lobe collapse 

Islands of 
carcinomatous 
metastasis  

20/03/2014 Cat, European 
Bread, 10 
years, M 

Not feeling 
well for 
several days 

Mild dyspnea Pleural effusion 
in small quantity 

Lung metastasis 
with large 
carcinoma cell 
that become 
infected 

20/03/2014 Cat Control Present 
appetite with 
mild dyspnea 

Formations and 
fluid at pleural 
level 

Lung metastasis 
with large 
carcinoma cell 
that become 
infected 

02/05/2014 Dog, Caniche, 
14 years, F 

Control Cough Small formations 
in the lung 

Carcinoma 
metastasis - 
vegetant 

03/06/2014 Cat, European 
Bread, 6 
months, F 

Painful 
shallow 
breaths. 

Severe 
dyspnea, 
tachypnea, 
fever. 

Piotorax. 
Large amount of 
pleural fluid 

Specific cells for 
an inflammatory 
process 

04/06/2014 Dog, Bichon, 8 
years, M 
 

Difficulty 
breathing, 
fever and 
stop eating 
for 2-3 days 
 
 

Productive 
cough  

Pleural effusions Metastasis of 
adenocarcinoma 
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07/07/2014 Cat, European 
Bread, 3 
years, M 

Severe 
dyspnea, 
fever. March 
- MAD 
abscess 

Dyspnea and 
cough 

Piotorax Acute 
inflammatory 
process 

10/10/2014 Cat, European 
Bread, 14 
years, M 

Animal feels 
bad for 3 
days and he 
doesn’t eat 

Dyspnea 
(hydrothorax), 
fever 

Effusion with 
lung lobes 
collapse 

Metastasis of 
malignant 
hematoma 

31/10/2014 Dog, Mixed 
Bread, 8 
months, M 

Suddenly 
general 
malaise. 
Fecal with 
blood 

Sever 
dyspnea 

Effusion with 
apical lobe 
densification 

Specific cells for 
an inflammatory 
process and red 
blood cells  

04/11/2014 Cat, European 
Bread, 9 
years, F 

In 2013 was 
operated for 
mammary 
carcinoma. 

Dyspnea and 
cough 

Effusion. 
Interstitial miliary 
formations. 
Ventral tracheal 
deviation 

Malignant 
lymphoma 
metastasis 

10/11/2014 Cat, Birman, 
11 years, M 

No appetite 
for 2-3 days, 
drink water, 
tired on 
effort 

Rare cough, 
fever, 
dyspnea 

Radiopaque 
parenchymal 
formations. 
Radiodensity 
area with dorsal 
deviation of the 
trachea. 

Metastasis of 
mucionus 
carcinoma  

24/11/2014 
 
 
 

Dog, Husky, 7 
years, F 

Apathy for a 
few days 

Fever and 
mild cough 

Suprasternal 
radiodensity 
area which is 
masking the 
cardiac 
silhouette 

Waldenstrom's 
lymphoma 
metastasis 

05/03/2015 
 
 
 

Dog, metis, 7 
years, F 

It was no 
longer 
spirited for 
4-5 days 
ago 

Mild dyspnea Pleural effusion 
in small quantity 

Vegetant 
adenocarcinoma 
metastasis 

29/05/2015 
 
 

Cat, European 
Bread, 10 
years, M 

Breathe 
hard for 
some days 

Dyspnea, 
cough 

Pleural effusion Plasmacytoma 
metastasis  

26/06/2015 
 
 
 

Dog, Caniche, 
9 years, M 

Shortness of 
breath 

Severe 
dyspnea 

Calcifications in 
the 
diaphragmatic 
lobe 

Epithelial 
mesothelioma - 
like 

05/08/2015 
 
 
 

Dog, Mixed 
Bread, 12 
years, F 

Doesn't eat 
and feels 
bad for 
several days 

cough and 
fever  

Effusion with 
small formations 
in the lung 

Metastatic 
carcinoma 

16/10/2015 
 
 
 

Dog, Mixed 
Bread, 9 
years, M 

Difficulty 
breathing for 
2-3 days 

Cough and 
dyspnea 

Effusion. 
Miliary interstitial 
formations  

Metastatic 
carcinoma 
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The chart below highlights a significant difference between the various 
pathological status of the pleural and pericardial serous (Fig. 1). 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 1. The distribution of the cytomorphological forms obtained 
from the investigated casuistry 

 
 

 

 

 
 

 
Fig. 2. PLEURAL AND PERICARDIAL 

EFFUSION 
Radiopaque parenchymal formations. 

Radiodensity area with dorsal 
deviation of the trachea 

 
Fig. 3. PERICARDIAL EFFUSION 
Mucinous carcinoma metastasis 
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Fig. 4. PLEURAL EFFUSION 
Effusion with lung lobes collapse 

 
Fig. 5. PLEURAL EFFUSION 

Malignant hepatoma metastasis 
 

  
 

Fig. 6. PLEURAL EFFUSION 
Effusion. Interstitial miliary formations. 

Ventral tracheal deviation 

Fig. 7. PLEURAL EFFUSION 
Malignant lymphoma metastasis 

  
Fig. PLEURAL EFFUSION 

 
Fig. 9. PLEURAL EFFUSION 

Infected histiocytic-like 
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mesothelioma 

  

Fig. 10. PLEURAL EFFUSION 
Suprasternal radiodensity area which 

is masking the cardiac silhouette 

Fig. 11. PLEURAL EFFUSION 
Waldenstrom lymphoma 

metastasis 
 

 
In Fig. 2, from lateral perspective, it can be observed a nodular interstitial 

infiltrate in the caudal pulmonary lobes and the presence of a fluid in the pleural 
space that compresses the lung parenchyma. Also, ultrasound examination 
revealed the presence of fluid in the pericardial sac. The cytomorphological aspect 
is provided by the numerous signet ring cells, typical for all mucinous carcinoma 
(Fig. 3). 

In Fig. 4 is shown the radiological aspect of a massive pleural effusion that 
causes compression of the lung parenchyma, masking the cardiac silhouette and 
highlights the interlobular fissures. At the cytological exam, the cellular aspect is 
represented by the hepatic cell, observing the presence of an important 
anisocytosis (Fig. 5). 

Fig. 6 is represented by a radiographic image of a 9 years old feline. From 
lateral incidence is observed an increase of the radiodensity in the pleural space 
(effusion), especially suprasternal, masking the pericardial sac. Also, miliar 
radiopaque areas are observed in the pulmonary parenchyma (miliar interstitial 
structured model). Following the cytomorphological exam was revealed the quasi-
pure presence of the lymphocytic series cells, having an important anisocytosis 
(Fig. 7) 

In the lateral radiographic incidence is observed the presence of pleural 
fluid, which determines viewing the interlobular fissures and masking the cardiac 
silhouette (Fig 8). Cytological, the dissemination in a predominantly acute 
inflammatory tissue (a pure culture of granulocytes), of large gigantoid cells, with a 
high degree of malignancy and important atipism, was highlighted (Fig. 9). 

Fig. 10 is represented by a radiographic image of a 12 years old canine, 
where is observed the presence of fluid collection in the pleural space, with 
increased radiopacity and lacy appearance of the middle and cranial pulmonary 
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lobes. At the cytological exam from the pleural fluid, is observed the proliferative 
association of the plasma cells and the lymphocytic cells. 

 
Conclusions 

 
In the Medical Clinic, beside the mandatory lab exams, the imaging 

examinations are of great importance (in our case, the radiological exam). 
The cytomorphological exam represents the only way in establishing the 

diagnosis for the fluid effusions. 
For obtaining a positive and differential diagnosis it is absolutely necessary 

for the entire team of specialists to participate, in our case the cytologist and 
radiologist specialist. 

The frequent casuistry is represented by carcinomatous metastasis (11), 
followed by malignant lymphoma metastasis (3). 

The owners of the animals needs to be convinced by the veterinarians to 
come with their pets at periodical consults for preventing some diseases, i.e to 
achieve an early diagnosis. 
 

References 
 

1. Balint, Emilia, Citodiagnosticul ca valoare clinică de orientare sau 
certitudine în oncopatii la animale. Conferinţa Naţională de Oncologie 
Comparată şi Transfer Tehnologic cu participare internaţională, organizată 
cu prilejul aniversării a 25 de ani de la prima conferinţă de Profil 20-24 sept., 
2006 – Tulcea România – Revista Română de Oncologie Comparată si 
Transfer Tehnologic Nr. 12/2006 Bucurerşti, pag. 786. ISSN : 1584-6547 

2. Balint, Emilia, Manolescu, N., Brăslaşu, C., Brăslaşu Elena Daniela, 
„Anatomic-clinic aspects primitive tumors (mesotheliomas) and pericardium 
metastases in dogs” „Actualities in animals breeding and pathology” Anual 
Scientific Session, Timisoara, 6-7 Aprilie 2006, Scientifical Papers Veterinary 
Medicine, pag. 534. ISSN: 1221-5295 

3. Barbazan, Cristina, Rotaru, Anca, Ancuţa, Andreea, Vulpe, V., Clinical, 
radiological and morphological aspects in chylothorax in cats – 5 cases 
report. Scientific Works, C Series, Veterinary Medicine, 2012, vol. 58 (4): 29-
34. 

4. Bradley, Kate, Radiology of the thorax. In: Holloway A. and McConnell F. 
(eds): BSAVA Manual of canine and feline Radiography and radiology. 
BSAVA Woodrow House, 2013, 109 – 175.  

5. Dinescu, Georgeta, Militaru, Manuella, Ciobotaru, Emilia, Balint, Emilia, 
Ionaşcu, Iuliana, „Importanţa examenului anatomopatologic în diagnosticul 
colecţiilor intracavitare la carnivorele domestice” Al IX-lea Congres Naţional 
de Medicină Veterinară, Bucureşti, 24-27 Septembrie 2003, Rev. Română de 
Medicină Veterinară, vol.13 nr. 3-4, p. 278, 2003. ISSN: 1220-3173 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 
 

 37 
 

6. Epstein, S., Exudative pleural diseases. Vet. Clin. Small Anim., 2014, 44: 
161-180. 

7. Ludwig, Lori, Simpson, Amelia, Han, Eveline, Pleural and extrapleural 
diseases. In: Ettinger and Feldman (eds.): Textbook of Veterinary Internal 
Medicine, 2010, vol. 2: 1125-1137. 

8. Lungu, Anca, Codreanu, M., Balint, Emilia, Constantinescu, Claudia, 
Brăslaşu, Dana, Fernoagă, Cristina, Dublă localizare neoplazică la nivelul 
seroaselor cavităţii toracice” Al XXXIV-lea Simpozion Naţional de Morfologie 
Normală şi Patologică „Actulităţi în patologia aparatului cardiovascular” 
Sesiunea Ştiinţifică Anuală a Institutului Naţional „Victor Babeş”, p. 48 (151), 
Bucureşti, 5-7 Noiembrie 2003. 

9. Neagu, A. G., Tudor, N., Tudor Poliana, Vlăgioiu, C., Examination of 
pleural effusion in cats – 7 cases. Journal of Biotechnology, 2015, 208 
(Supplement): S95. 

10. Suárez, M., González-Martínez, A., Vila, M., González-Cantalapiedra, A., 
Santamarina, G., Epleural effusions in small animals. Clin. Vet. Peq. Anim., 
2012, 32 (2): 65-78 (in Spanish).  

11. Tîrşu, M., Diagnosticul clinic si paraclinic in mezotelioamele canidelor, 
lucrare licenta, Coordonator Conf. Univ. Dr. Emilia Balint, Facultatea de 
Medicina Veterinara, Bucuresti, 2015. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 

 

 38 
 

 

THE SIGNIFICANCE OF BIOCHEMICAL PARAMETERS IN THE 
HEALTH CONTROL CARE OF PIGS ON COMMERCIAL FARMS 

 
J. BOJKOVSKI

1
, R. RELIĆ

2
, S. SAVIĆ

3
, J. PRODANOV-RADULOVIĆ

3
, D. 

MILANOV
3
, P. SIMEUNOVIĆ

1
, I. PAVLOVIĆ

4 

 

1
University of Belgrade, Faculty of Veterinary Medicine, Serbia 

2
University of Belgrade, Faculty of Agriculture, Serbia 

3
Scientific Veterinary institute “Novi Sad”, Serbia 

4
Scientific Veterinary Institute of Serbia, Belgrade, Serbia 

E-mail bojkovski@vet.bg.ac.rs 
 

Summary 
 

Physiological ranges of blood biochemistry parameters differs substantially for each 
animal species. Assessment of biochemical parameters included in metabolic profiling have 
multiple significance in swine health care and production. Parameters of metabolic profile 
may be an indicator of shortage of food, and sometimes can point out to a variety of 
subclinical and clinical diseases. In clinically healthy animals (sows, boars), disorders in 
metabolic profile parameters can also occur, despite the fact that there is no visible 
symptoms. The material for the research included boars deriving from four commercial swine 
farms (farms A,B,C and D). In order to determine whether there has been a deviation in the 
physiological ranges of certain biochemical parameters, we analyzed biochemical 
parameters of 23 boars used in exploitation from a commercial farm "A". The following 
parameters were examined: Phosphorus (mmol/L), Calcium (mmol/L), Ca/P ratio, Bilirubin 
(µmol/L), Total proteins (g/L), Glucose mmol/l, Triglycerides (mmol/L), Albumins (g/L) and 
Urea (mmol/L). In the examined group of boars, the most variable results were observed in 
urea and calcium levels. In the blood of 28 boars from a commercial farm "B", 27 boars from 
commercial farm “C” and 3 boars from commercial farm “D”, we analyzed levels of 
Phosphorus, Total protein, creatinine and AST. The results of biochemical analysis showed 
economical validity and represent a significant contribution to monitoring of the health status 
and production of pigs on commercial farms.  
 Key words: biochemical parameters, boars, commercial farm 

 

Today you can find literature data on the values of total protein, albumin, 
glucose, total bilirubin, calcium and inorganic phosphorus in the blood serum of 
sows tested at the beginning and at the end suckling period, in relation to the parity 
and the number of piglets per litter (13, 6). The literature also can find data on the 
parameters metabolic profile in sows during lactation showing emerge health 
problem that is characterized by loss of appetite and rapid weight loss (13, 11). 
However in the literature very little data is presented on the biochemical 
parameters of boars used for giving seeds (3, 4). For the proper interpretation of 
the results of biochemical analysis of blood of pigs is necessary to know the 
reference values for certain categories of pigs (12,14 ,16 ,10 ,17). 
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The aim of our study was to determine whether there has been a deviation 
from the normal range of some biochemical parameters in boars who used to 
provide seeds from different commercial farms 
 

Materials and methods 
 

Blood samples were taken by puncture boars vena.cave cranialis. Animal 
serum is obtained by centrifugation of blood samples, the centrifuge (Heraeus 
Christ GMBH) at 1000 rpm for 5 minutes. Biochemical analysis of all the 
parameters was performed on a biochemical machine that works on the principle of 
spectrophotometry. Coffee is Rayto model RT-1904C, a manufacturer of reagents 
are Cliniche Ltd. Statistical analysis was performed by the descriptive statistic 
method. 

  
Results and discussions 

 
Biochemical parameter boars used for giving seeds at commercial farms A, 

B; C, D, are in the tables 1,2,3,4. 
 

Table 1 
Biochemical parameters boars from pig comercial farm ”A” 

Biochemical 
parameter 

N Mean  Standard Error Minimum Maximum CV 

Phosphorus mmol/l 23 1.4  0.04 1.1 1.8 12.4 

Calcium mmol/l 23 2.8  0.03 2.6 3.3 6.0 

Ca/P ratio 23 2.0  0.05 1.7 2.5 12.5 

Bilirubin µmol/l 23 6.7  0.32 5.1 11.4 22.6 

Total proteins g/l 23 74.9  1.39 64.8 88.1 8.9 

Glucose mmol/l 23 6.9  0.14 6.0 8.3 10.0 

Triglycerides mmol/l 23 0.6  0.02 0.5 0.9 15.1 

Albumins g/l 23 47.9  0.80 39.0 57.0 8.0 

Urea mmol/l 23 4.0  0.51 1.7 7.3 60.8 
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Table 2 
Biochemical parameters boars from pig comercial farm ”B” 

Biochemical  
parameters 

Valid N Mean Minimum Maximum Coef.Var. 
Standard  
Error 

Phosphorus mmol/l 28 1.77 1.15 2.8 23.65 0.08 

Total proteins g/l 28 76.16 52.80 103.0 16.98 2.44 

Urea mmol/l 28 3.77 2.03 7.2 32.19 0.23 

Creatinine µmol/L  28 164.68 87.40 740.5 83.21 25.90 

AST U/L 28 43.77 20.90 66.0 30.00 2.48 

 
Table 3 

Biochemical parameters boars from pig comercial farm ”C ” 

Biochemical  
parameters 

Valid N Mean Minimum Maximum Coef.Var. 
Standard  
Error 

Phosphorus mmol/l 27 2.42 1.57 4.3 31.50 0.147 

Total proteins g/l 27 86.20 51.70 109.0 19.45 3.227 

Urea mmol/l 27 2.59 1.91 5.4 35.95 0.179 

Creatinine µmol/L  27 137.91 48.53 233.2 33.73 8.952 

AST U/L 27 54.37 8.20 73.0 31.16 3.261 

 
Table 4 

Biochemical parameters boars from pig comercial farm ”D”
 

 
Valid N Mean Minimum Maximum Std.Dev. 

Standard  
Error 

Phosphorus mmol/l 3 3.06 1.84 3.8 1.06 0.612 

Total proteins g/l 3 70.87 66.10 75.0 4.48 2.589 

Urea mmol/l 3 2.47 1.95 3.2 0.66 0.383 

Creatinine µmol/L 3 86.94 76.19 105.0 15.73 9.083 

AST U/L 3 34.67 30.00 41.0 5.69 3.283 

  

 

In terms of breeding pigs on commercial farms, despite the presence of 
breeding diseases of bacterial, viral or parasitic infections, there are also metabolic 
diseases (9, 11, 1 ). Today there is more and more necessity to discover pigs on 
commercial farms which have metabolic disorders, disorder functions of the liver, 
muscle, and reproductive disorders (7). Disturbance of energy metabolism is cited 
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as one of the main etiological factor in the formation of hypo I agalactia of sows (8). 
There are mineral metabolism disorders on commercial farms of breeding pigs as a 
result of inadequate diet. (11). A diagnosis of hepatopathy can be in biochemical 
laboratory. There are liver disease in pigs as a result of scarce food, mycotoxins 
and unfavorable conditions of keeping and housing the animals (2, 15). In liver 
dystrophy significantly rises activity of some enzymes (AST) and total bilirubin 
concentration in blood sera. By increasing activity of AST in blood sera there are 
damages to mitochondria and cytoplasm of hepatocytes as well as increasing the 
permeability of cell membranes, degenerative and necrotic processes in the 
parenchyma of the liver and muscle damages (5).  

  
Conclusions 

 
Control the health of breeding boars should be a complex process as a 

part of the implementation of health care measures on pig commercial farms. 
Biochemical analyses in our case are justified money and represent a 

significant contribution to the diagnosis of the health status and production on 
commercial pig. 
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Summary 

 

This study pointed out the changes of pancreas, on the tissular level after the 
administration of Yellow Dock (Rumex crispus ) and Goji berry (Lycium barbarum), as 6% 
aqueous extract, for seven weeks, in rats with alloxan induced diabetes mellitus. The 
previous studies pointed out that these plants can be used as antiglycaemic agents by 
reducing the blood sugar level. Also, it is well known the fact that alloxan is involved in 
destruction of pancreatic beta cells.   

Key words: pancreas, diabetes mellitus, alloxan, antiglycaemic agents 

 

Diabetes mellitus is a chronic disease included as metabolic disorder and 
characterized by hyperglycemia which is induced by multiple causes and 
pathogenic processes, as follow: pancreatic beta-cell alteration (immune mediated 
or idiopathic), leading to absolute insulin deficiency,  insulin resistance with relative 
insulin deficiency, genetic defects of pancreatic beta-cells or insulin action, 
diseases of exocrine pancreas (inflammation, trauma, neoplasia, cystic fibrosis, 
fibrocalculi and others),  endocrinopathies (hyperthyroidism, aldosteronoma and 
others), drugs or chemical consumption, infections, synthesis of anti-insulin 
receptor antibodies, gestational diabetes mellitus and others. In time, the 
hyperglycemia will be associated with dysfunctions, alterations, and failure of 
different important organs, especially the eyes, kidneys, nerves, heart, and blood 
vessels (11). 

Today the number of patients diagnosed with diabetes is increasing, this 
chronic disease affecting not only people but also animals, especially dogs and 
cats.  

It is estimated that one out of every 100 dogs that reaches 12 years of age 
will develop diabetes and for cats, the number is estimated between one in 50 and 
one in 500 (7, 9).  

Diabetes prevention is the only way by wich can be avoid and stop the 
spread of the disease and its complications. It is important to note, however, that 
measures to prevent the onset of diabetes have their place and sense only before 
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the disease manifests. After the installation of diabetes, therapeutic measures may 
be taken into account followed by another object, namely: to avoid complications of 
this disease. 

Rumex crispus, as extracts made from different herbal parts, presents 
various medicinal actions and uses. For example, this plant can be use as laxative 
and diuretic (a natural cleanser), astringent (applicable in dysentery) and mildly 
tonic for the organisms, being helpful in cancer, necrotic processes. It has been 
used in diphtheria. Also, under different ointments or tinctures can be use in 
treatment of certain skin diseases. Glycosides, as herb compound can help 
stimulate the liver, which has detoxifying effects. Other compound, rumicin, present 
antibacterial action, being useful for treating bacterial infections of Escherichia, 
Salmonella, Staphylococcus, and Bacillus (5).  

Lycium barbarum can be used as antioxidant agent, by stimulating the 
body's antioxidant enzymes, being also involved in weight management, presenting 
the ability to increase metabolic rate (1, 2). Lycium berry juice may be helpful in 
preventing skin cancer, via antioxidant pathways (8). Due to chemical composition, 
Lycium barbarum decrease the concentration of cell-destroying enzymes, helping 
to prevent diabetic retinopathy, a complication of diabetes, thus protecting the 
retinal cells from damage and early death induced by high glucose levels (10).  

The alloxan (2, 4, 5, 6-2, 4-tetraoxypyrimidine; 5, 6-pyrimidinetetrone) is an 
oxygenated pyrimidinic derivative used in aqueous solutions as a model of 
induction of diabetes. Diabetogenic action of alloxan  is manifested by cytotoxic 
effect, i.e. selective destruction of endocrine β type cells from the islets of 
Langerhans of the pancreas. Thus, by producing a multiphasic response upon 
blood glucose with insulin concentration changes of plasma, ultrastructural 
changes occur at the level of β type pancreatic endocrine cells, including at the of  
the DNA molecules, which will complete their necrosis (3).  

 
Materials and methods 

 
In order to achieve this research in the experiment were use Wistar albino 

rats from the Animal House of University of Medicine and Pharmacy “Victor Babeş” 
Timisoara, Romania. Originally, before the start of the experiment, the young adult 
rats were divided into plastic cages for acclimatisation, at a constant temperature of 
25 ± 20 °C room, with a light/dark cycle of 12 hours and fed ad libitum, with 
standard fodder. 

After a week, the experimental rats were injected with alloxan 2% (Sigma-
Aldich, St. Luis, USA), which was administered intravenously, in the vein of the tail, 
in the dose of 40 mg/Kg body weight, according to the protocol described by 
Carvalho et al. (4).  

Seven days after the administration of alloxan, was analyzed the blood 
glucose level using portable glucometer  ACCU-CHEK Active, model GC (ROCHE, 
Mannheim, Germany). For anaesthesia has been used Ketamine, administered 
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intramuscularly (50 mg/kg). Thus, rats which registered higher blood sugars of 135 
mg glucose/100 ml blood  were considered as diabetics, and those with blood 
sugar levels greater than 200glucose mg/100 ml blood  were considered to present 
severe diabetes. The aqueous extracts were made from the leaves of Rumex 
crispus in concentration of 0,5 g/10 and from the fruits of goji berry using a mixture 
of distilled water, with a weight/volume ratio of 1/10. The mixture was heated to a 
temperature of 90

0
C, for 10 minutes, after which it was filtered. For seven weeks, 

the aqueous extracts were administered and the animals used in the experiment 
were clinically monitored, weight and blood glucose values being measured 
twice/week. The young adults albino rats used in the experiment were 
subsequently grouped into lots as follows:  

- C group (control) with clinically healthy rats, which had consumed only 
distilled water; 

- D group (diabetic) with induced diabetic rats, who received only distilled 
water until the end of the experiment; 

- R group (Rumex acetosa), with induced diabetic rats who received 
aqueous extract of Rumex acetosa, in 5% concentration; 

- L group (Lycium barbarum), with induced diabetic rats who received 
aqueous extract of goji berry, in 10% concentration; 

- RL group with diabetic rats who received aqueous mix made from 
extracts of both plants (6).  

After completing the experiment, the rats were sacrificed, following the 
standards of animal protection. For histological investigation was collected the 
pancreas from each group. The samples were fixed in 80

o
 ethyl alcohol for 7 days, 

after which they were washed, dehydrated and embedded in paraffin. Paraffin 
pieces with included glandular tissue were sectioned with microtome, yielding 
successive sections of 5 micrometers, which were attached to glass slides. Thus, 
prepared sections were processed for histological study by the usual hematoxylin - 
eosin stain method.  

 

Results and discussions 
 

On a microscopic level, the pancreas of rats in the control group present a 
morphologically normal aspect (Fig. 1A, B), the endocrine cells grouped in the 
islets of Langerhans, with different sizes and exocrine cells, grouped serous acini. 

Microscopic examination of the pancreas of rats with induced diabetes 
mellitus revealed certain histological changes, respectively the total absence of  
groups of pancreatic endocrine cells or large Langerhans islets with cellular 
morphological alterations (Fig. 2A, B). In some Langerhans islets, the presence of 
intra- or peri- lymphocytic infiltration, known under the term of insulitis, suggests the 
involvement of an autoimmune mechanism (Fig. 2C). The lymphocytic infiltration 
presents a nest or diffuse patterns, the inflammatory cells being targeted by 
destroyed beta endocrine cells. Thus, the destruction of islets of Langerhans which 
determined ceasing insulin synthesis represents a characteristic feature for type 1 
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of diabetes mellitus. Also, several Langerhans islets pointed out areas affected by 
edema, which gives them larger dimensions (Fig. 2D). The necrotic lesions that 
affected the endocrine cells are more extensive in correlation with the zones with 
wider edema. Certain Langerhans islets are pseudo-atrophic do to edema and after 
removing the destroyed beta endocrine cells (Fig. 2E). 

In the case of rats from R group, treated with aqueous extract of yellow 
dock, after microscopic examination, the lesions identified are similar to those 
found in induced diabetes mellitus. Therefore, if the islets of Langerhans presented 
similar cellular changes caused by alloxan, and hence by diabetes mellitus, it is 
apparent that the hypoglycaemic effect of the aqueous extract of Rumex Crispus 
based on active ingredients of this plant, act trough other mechanisms than the 
cellular restoring processes of endocrine pancreas. 

 

  
Fig. 1 A and B: Histological section trough pancreas of the control group: normal 

structural aspects with Langerhans islets (→) and pancreatic acini (→), H&E stain, 
10X and 20X ob. 

 

  
Fig. 2 A and B: Histological section trough pancreas of the induced diabetes 

mellitus group: A - absence of Langerhans islets (→); B - large Langerhans islets 
(→), H&E stain, 10X ob. 

A B 

A B 
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Fig. 2: Histological section trough pancreas of rats with induced diabetes mellitus 

group: C - lymphocytic infiltration (→); D - areas with edema (→); E - pseudo-
athrofy of Langerhans islets, 20X ob., H&E stain 

 

Microscopic examination of the pancreas collected from rats included in the 
diabetic group treated with aqueous goji berry extract showed the presence of the 
same cellular changes in Langerhans islets induced by the administration of 
alloxan. It was found the presence of various sizes Langerhans islets, with necrotic 
pancreatic endocrine cells, directly to the extent of edema (Fig. 3A). 

One interesting microscopic aspect signaled in the pancreas collected from 
L group was the dilation of blood vessels, which can be considered a hyperemia as 
a compensatory and/or repairing phenomenon by providing nutritional support for 
glandular exo- and endocrine cells (Fig. 3B). 

In the case of rats from group LR, which received the aqueous mix made 
from both plants, the histological changes of the pancreas were similar with those 
founded in group D. 

Even our previous study pointed out the reduction of glycaemia by 
administration of R. crispus 6% and L. barbatum 6% extracts, the histological 
changes at the pancreas level after alloxan administration were irreversible. The 

C D 

E 
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aqueous mix made from both plants has proven to have a weaker effect than the 
extracts given separately (6).  

  

  
Fig. 3: Histological section trough pancreas of rats with induced diabetes mellitus 

group treated with aqueous goji berry extract: A - necrosis and edema in 
Langerhans islets, ob. 10; B - hyperemia (→), ob. 40, H&E stain 

 
Although there are progenitor cells in the Langerhans islets of the 

endocrine pancreas, the structural changes at this level after alloxan administration 
are difficult to offset, probably needing a long period of time. 

 
Conclusions 

 
Hypoglycaemic effect of the two plants is based on other mechanisms of 

action, given that cyto-histological injuries caused by the onset of diabetes in the 
endocrine pancreas, which is reflected on other organs are difficult to offset.  

The reduction in plasma glucose after the onset of diabetes prevents 
complications installation or slows the disease. 
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Summary 
 

The endocardium is bounded by a continuous endothelium composed of a single 
layer of flattened cells. Under the endothelium can be found a subendothelial layer 
composed of thin collagen fibers, elastic fibers connecting the the endocardium with the 
myocardium. Subendocardium layer contains connective tissue fibers which is composed by 
blood vessels, nerves and Purkinje cells. The myocardium presents striated muscle cells 
that have spiral trajectory in the superficial ventricular myocardium and in the deep layer 
there are circular fibers around each ventricle. Within the structure of the myocardium enter 
interstitial connective tissue fibers, containing nerves and blood capillaries. The ventricular 
myocardium is thicker compared to the atrial myocardium. The epicardium is represented by 
a conjunctive serous membrane, covered by a single row of mesothelial cells. Elastic 
arteries include the aorta and vascular endothelium comprised of intimate presenting which 
comprises flattened polygonal cells. The deepest portion of the intima, the leiocite are 
observed. Internal elastic membrane is poorly represented and the average is composed of 
numerous blades and fenestrated elastic fibers concentrically disposed. The spaces 
between the collagen fibers, fibroblasts, and amorphous fundamental substance of rare 
smooth muscle fibers, whichhave a spiral trajectory. Adventitia is thin and is observed both 
vasorum utensils and lymphatic vessels.  

Key words: endocardium, myocardium, epicardium, vascular endothelium. 

 
Tawara observed the separation of the specialized myocytes from the 

normal or working myocytes by a thin sheet of connective tissue visible under the 
light microscope. Knowledge of the  myocardium can help in the development of 
potentially useful therapies that may be used in some heart disease. 

 

Materials and methods 
 

Research on the cardiovascular system histostructure has been performed 
on permanent histological preparations made from the heart and the aorta from 
sheep at the age of 9 months. Histological preparations were processed as follows: 
fixing in formalin 10%, inclusion in paraffin and microtome sectioning. Sections 
arranged on glass slides were stained by the following coloring methods:  
Hematoxylin Eosin and Mallory stain. Histological results were examined at 
Labophot type 2 optical microscope equipped with Nikon AFK-shooting device for 
making DX photomicrographs. 
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Results and discussions 
 

The cardiac conduction system is a complex network of cells that together 
orchestrate the rhythmic and coordinated depolarization of the heart. The molecular 
mechanisms regulating the specification and patterning of cells that form this 
conductive network are largely unknown. Studies in avian models have suggested 
that components of the cardiac conduction system arise from progressive 
recruitment of cardiomyogenic progenitors, potentially influenced by inductive 
effects from the neighboring coronary vasculature. However, relatively little is 
known about the process of conduction system development in mammalian 
species, especially in the mouse, where even the histological identification of the 
conductive network remains problematic (5). 

 

 

 
Fig.1 Heart stain Mallory,  40x; 

1.Endocardium, 2.Nodal cells, 3.Myocardium 
 

In his monograph, Robb (6) preferred to define the conductive tissue with 
the term «connecting» rather than «conducting» system, because histological 
preparations better define cell morphology than function. He also observed 
differences in the texture of the specialized myocardium depending on the 
freshness of autopsy material and the fixing and staining methods used (4) . 

Cardiovascular system comprises: macrovase made of high-caliber 
arterioles, arteries, muscles, veins and muscle arterioles, consisting of microvase 
high and high contract. Microvasele have a role in exchanges between blood and 
surrounding tissues. 
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Fig.2. Heart stain Mallory, 20x; 

1.Endocardium, 2.Nodal cells, 3.Myocardium, 4.Artery, 5.Vein 
 

The coverage is similar to blood vessel tunica intimate and it is marked by 
a continuous endothelium composed of a single layer of flattened cells. 

 

 

 
Fig.3. Heart stain Mallory Artery, 20x; 

1.Intima, 2.Media, 3.Adveticea, 4.Fat tissue, 5.Striated muscle fibres 
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Beneath the endothelium is a subendotelial layer consisting of fine fibers of 
colagen, elastic fibers that coverage the myocardium. Mioelastic layer continues 
without a dividing layer subendocardic, being composed of connective tissue lax. 

Subendocardic layer is composed of connective tissue fibers that has in its 
blood vessels, nerves and Purkinje cells. 

 

 

 
Fig. 4. Heart stain Mallory, 20x; 

1. Heart muscular tissue, 2.Striated muscle fibers 
 of the heart, 3.Blood vessels 

 
The myocardium is considered a medium-sized counterpart, is composed 

of striated muscle cells which have a spiral paths in the myocardium, and in 
shallow ventricular deep layer are circular fibers around each ventricle. In the 
structure of myocardium fibers enter the interstitial connective tissue. Interstitial 
connective tissue is more abundant in the myocardium of the left than right in the 
myocardium, containing nerve fibres and a dense network of capillaries. Ventricular 
myocardium is thicker towards the atrial myocardium.  

Epicardium is the conjunctiva serous membrane, covered by a single row 
of a mesothelial cells. Mesothelial underlying is a relatively thick layer of tissue 
called the areola or fat layer subepicardic, which are coronary vessels and nerves. 
Epicardium visceral layer of the pericardium layer corresponds. 
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Fig. 5. Heart stain Mallory, 40x; 

Blood vessels of the heart; 
1.Artery, 2.Vein, 3.Heart, 4.Media, 5.Adventicea 

 
 

Between the visceral and parietal layer there is a sufficient amount of liquid 
which enables the heart is movements. The pericardium and the serous 
pericardium continues representing the parietal portion of serous pericardium.  

 

 

 
Fig. 6 Heart stain Mallory, 20x; 

1. Striated muscle fibers of the heart, 2.Blood vessels, 3.White fat tissue 
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Consists of a fibrous pericardium attached to mezothelium derived from 
mediastinum fascia of endotorax, rich in collage and elastic fibers 

Excitoconductor system is made up of nodal myocites represented 
modified cardiac muscled fibres. P-cells are spherical or oval and have a clear 
cytoplasm and a large nucleus, centrally located. Miofiberes are few, without a 
precise guidance, because P-cells do not have contractile function. T-cells, the 
oblong shape, and organisation structures have intermediate between P-cells and 
working myocardiocite cells. Purkinje cells appear larger than the working heart 
myocites, with clear cytoplasm, sometimes one or two nucleus that are willing and 
a striated ring of myofibers to the subsarcoleumal and peripheral, targeted in the 
long axis of the cell. Purkinje cells, as is universally accepted, contain few 
myofibrils (8).The Z line may be larger but may be absent as well. The T systemis 
absent or just poorly developed and mitochondria are small with few cristae. 
Myofibrils in Purkinje fibers work as passive cytoskeletal components (2, 7). They 
are different in composition of myosin from the cells of working myocardium, as 
they contain not only two light chains but also an accessory type of myosin with an 
intermediate molecular weight. Unlike working cardiomyocytes, where the 
sarcoplasmatic reticulum is joined with the sarcolemma of the T tubule (interior 
coupling) and with the peripheral sarcolemma (peripheral coupling), Purkinje fibers 
that do not have T tubules are joined with the peripheral sarcolemma only. Purkinje 
fibers are PAS positive as they contain a considerable amount of glycogen, which 
is typical for the conduction system cells (1). A large quantity of glycogen in 
Purkinje fibers is metabolized by the way of anaerobic enzymes. 

 

 

 
Fig. 7 Heart stain Hematoxilin Eosine, 40x; 

1.Longitudinal section of striated muscle fibers, 2.Connective tissue 
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The aorta artery intima consisting of vascular endothelium with flattened 
polygonal cells with heterochromatic nucleus. Subendotelial thick layer is 
composed of fibers of collagen, elastic fibres and fibroblasts with a longitudinal 
orientation. It increases with increasing age. 

In the deepest area of the intima sits bands of smooth muscle cells. 
Internal elastic limit that contains elastic lamelas is poorly represented. It increases 
with increasing age. 

Media is comprised of numerous elastic fibers and fenestrated blades 
arranged concentric. Their number decreases with age. The spaces between the 
fibers contain collage fibers, fibroblasts, fundamental substance of amorphous rare 
smooth muscle fibers that have a spiral trajectory. 

Adventicea or thin external coat is mainly made of fibers of collagen, elastic 
fibres and fibroblasts that are rare. At the level of adventicea is vasa vasorum and 
lymphatic vessels. Elastic vessels absorb a part of the beating heart tissue 
distension by rebounding from their walls, which makes the blood to flow more 
slowly and intermittently.  

 

 

 
Fig. 8 Aorta stain Mallory, 20x; 

1.Intima, 2.Media; 
 

Often, they are called ”arteries”, explaining their function to drive the blood 
up to the lowest brunch of the vascular system. Vasa vasorum (”vessels of the 
vessels”) provides the necesary of metabolites because large vessels have too 
thick walls to intake from the vascular lumen diffusion should be enough. Vasa 
vasorum are better represented in veins than in arteries. The arteries with a waist 
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size and large, intima and the internal layer of middle tunica does not present a 
vasa vasorum. 

The endothelium is a special type of epithelium that works as a 
semipermeable barrier, separating the two compartiments of the internal 
environment, blood plasma and interstitial fluid. Endothelium has a high lever of 
specialization in mediation and monitoring active two-way trade of small molecules, 
having also to restrict specific macromolecules. 

 

 

 
Fig. 9 Aorta stain Hematoxilin Eosine Lens 20x 

1.Intima, 2.Media, 3.Nucleus of the endothelium cells 
 

 The aorta is the largest artery in the body that carry blood from the heart to 
all organs of the body. It starts in the left ventrical, which valve prevents return 
blood to the heart. Much arteries branch off from the aorta. 

 
Conclusions 

 
The myocardium is considered a medium-sized counterpart, is composed 

of striated muscle cells which have a spiral paths in the myocardium, and in 
shallow ventricular deep layer are circular fibers around each ventricle. 

Epicardium is the conjunctiva serous membrane, covered by a single row 
of a mesothelial cells. 

The pericardium and the serous pericardium continue representing the 
parietal portion of serous pericardium. Consist of a fibrous pericardium attached to 
mezothelium derived from mediastinum fascia of endotorax, rich in collage and 
elastic fibers. 
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P-cells are spherical or oval and have a clear cytoplasm and a large 
nucleus, centrally located. Miofiberes are few, without a precise guidance, because 
P-cells do not have contractile function. 

The aorta artery intima consisting of vascular endothelium with flattened 
polygonal cells with heterochromatic nucleus. 

Media is comprised of numerous elastic fibers and fenestrated blades 
arranged concentric. 
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Summary 

 
The urethra has a mucosa with a stellate lumen, with a urinary epithelium type, 

consisting of 4-5 rows of cells. Lamina propria is composed of dense conjunctive tissue to 
the epithelial area and loose connective tissue to the muscular. The muscular tissue is 
organized on two levels of smooth muscular fibers separated by conjunctive tissue: external 
circularly and internal longitudinally. The urinary bladder has mucosa tunica presenting an 
epithelium composed of several cell layers and the superficial cells are becoming squamous. 
Lamina propria is composed of elastic fibrous connective tissue. The muscle has three 
layers visible to the bladder neck: internal longitudinal, middle circular and external 
longitudinal, for the rest, the musculature has a plexiform arrangement. The sections were 
stained by following methods: hematoxylin eosin, hematoxylin eosin methylene blue staining 
and Mallory. In sheep, the kidney has a thick capsule made by fibrous connective tissue and 
smooth muscular fibers. On medio-sagittal section, it is observed that the medullary area 
has several Malpighi pyramids which offer a striated appearance because many blood 
vessels are presented. Nephrons are placed into renal parenchyma as: cortical or 
subcapsular, with external disposal, with shorter Henle loops; juxtamedullary with longer 
Henle loops, responsible for establishing the interstitial concentration gradient into the 
medullary; intermediaries located in the medium cortical region having a Henle loop of 
intermediate length. 

Key words: urothelium, nephrons, Malpighi pyramids, renal parenchyma. 

 

The sheep is a suitable species in which to study the effects of intrauterine 
factors on renal development, as the gestational timing of nephrogenesis in sheep 
closely resembles that of humans (5). The aim of this study proposes to highlight 
specific details of epithelium, lamina propria and particularities of the renal 
parenchyma. 

 
Materials and methods 

 
The tissue fragments were taken from bladder, ureters and kidney of 

sheep. Samples examined have been colored by the following methods: 
hematoxylin-eosine staining and Mallory staining. Histological preparations 
obtained were examined at the Labophot-type optical microscope equipped with 2 
shooting devices.  
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Results and discussions 
 

On histological preparations examined it is observed that the bladder is 
made up of the following: mucous tunics, undermucous, muscle lay, media. With 
10x lens surface epithelium are examined. Urotelium presents 6 – 8 rows of cells 
when the bladder is without content. The cells in the top layer are round or in a 
dom, protruding into the lumen with nucleus, that may be unique or double (2). 
Wholeness, appear two to four cell layers and the superficial cell become 
pavementous.  

The lamina propria is composed of fibro-elastic connective tissue. The 
lamina propria is denser towards the epithelium and wider towards the muscle, 
alowing the muscle lining of the body sliding over. Lymph nodules may be present 
and capillaries (1). Adjacent to the basal membrane, ruminant, capillaries tend to 
form a distinct layer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 1. Bladder-Staining HE, lens 10x; 
1-mucous, 2-undermucous, 3–muscle layer 

 
Muscle contains numerous mucous membrane, smooth muscle fibers 

surrounded by connective tissue lining of the muscle occurs lens in the neck of the 
bladder in sheep. Bladder submucous contains many elastic fibers than the lamina 
propria and sometime blood vessels may be present vegetative microganglion. 
Undermucous becomes extremly thin in the neck bladder urinarelax. The muscular 
lining of sheep appears extremly slim, can observe rare isolated leiocyte. Section 
layout cell epithelium presents ovalar, the corei s ovalar, located in the basal pole 
of the cell The epithelium rests on a basal membrane, thin. 
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Fig 2. Bladder–Mallory staining, lens 20x; 

1-polymorph epithelium, 2- lamina propria, 3- blood vessels 

 
With 40x lens isobtained details of the surface epithelium. The Lamina 

propria is composed of connective tissue fibers where lax. At the level of the 
bladder neck and elastic fibers are more numerous and appear arranged circular. 
 

 
Fig 3. Bladder– Mallory staining, lens 40x; 1-polymorph epithelium, 2-cell layer 

in rocket, 3-the umbrella cell layer, 4- blood vessel 
 
The epithelium is composed of cells that have different shapes (basal-layer 

cells-the cells in the cube-shaped, intermediate layer are elongated, the cells in the 
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top layer are slightly flattened). From the basal layer cells are germ cells. Cells 
layer in rocket have a wide pole, headed the cell layer umbelliforme and a 
narrowed at the base pole. Umbelliforme cells are uni or-bi nucleate and covers 2-3 
cellsin the rocket. Includes three layers of muscle fibers: longitudinal smooth 
muscle layer, middle circular layer, most developed, sometimes plexiforme and 
longitudinal layer (9). Among the plans are vegetative microganglions mucle. 

Serous almost entirely covers the bladder, being replaced in the third by a 
caudal adventice. In sheep, the peritoneum and the peritoneal extends mezotelium 
rests on a low layer of connective tissue lax (underserous) that continues caudally 
with adventicea. In underserous and adventice observe the blood vessels, nerves 
and nervous ganglions. 
 

 
 

Fig 4. Bladder, HE staining, lens 40x; 
1-basal layer, 2- cell layer in rocket, 3- the umbrella  

cell layer; 4-lamina propria; 5-muscular. 

 
Ureterus presenting a mucous membrane anised lumenum, with a urinary-

type epithelium consisting of 6 – 8 rows of cells. The lamina propria is composed of 
dense connective tissue to the epithelial and connective tissue lax towards 
muscular. In chorion, lymphoid formations may be present in isolation. 

Polimorph epithelium (urothelium) coat of ureter its lumenum. The 
epithelium is waterproof an dis an osmotic barrier (4). Muscle is organized on two 
plans contain smooth muscle fibers separated by connective tissue: external and 
internal longitudinal. Adventice is composed of lax connective tissue which assure 
the linkage with nearby organs.  
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Fig 6. Ureterus, Mallory staining, lens 10x; 
1- lumenum; 2- mucous; 3-undermucous; 4- muscular; 5-serous. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.7 Ureterus, Mallory staining, lens 20x; 
1-lumenum, 2-mucous, 3-undermucous, 
4-polimorph epithelium, 5-lamina propria. 

 
Up ureterum near the bladder covered by peritoneal serous. With 10x lens 

seen in cross-section that presents a ureterum mucosa with lumenum, with an 
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anise lined epithelium stratified layers characteristic polymorph: basal cells, cells in 
rocket and umbrella cells (8).  

The lamina propria is composed of dense connective tissue to the epithelial 
and connective tissue lax toward muscular where they can be present in lymphoid 
formations. Muscle is organized on two planes of smooth muscle fibers separated 
by connective tissue: externa land internal longitudinal.  

The serous is composed of connective tissue which realise the linkage 
among organs. Renal parenchyma is distinguished in two distinct areas: the 
cortical area and the medular area. With the 4x lens, small examine the overall 
image. The capsule is surrounded by a thick layer of fat tissue abundantly at the 
level of renal hilium. With 10x lens shall examine consist of renal cortex: a narrow 
adiacent area to the renal capsule called a subscapular cortical area; the labyrinth 
of cortical is situated between renal pyramids Ferrein and Bertin renal columns that 
represent extensions of cortical tissue between adjacent renal pyramids (7). The 
nephrons can be classified after their disposal within the parenchyma in three main 
categories: cortical or subscapular, with the external avaible with shorter loops 
Henle (5); juxtamedulars with Henle longer anse, responsible for determining the 
concentration gradient of the interstitial in medular; intermediates, located in the 
medium cortical region having a good chance of intermediate lenght Henle. The 
renal corpusculum (Malpighi) is located in the cortical kidney and renal columns. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.8 Kidney, cortical area, HE staining, lens 20x; 
1-proximal convoluted tubule, 2-distal convoluted tubule, 

3-collecting duct, 4-glomerular capsule. 

  
The proximal convoluted tubules wall comprises a simple prismatic 

epithelium with an edge in the brush. The lumenul of the tubule is bounded by 6-8 
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nephrocytes, columnar appearance. The nucleus of nephrocyte appear 
spheroidals, located parabasal (4). At the apical pole, microvils are observed , that 
form the edge of the brush. The distal convoluted tubules wall includes shorter 
prismatic cells than proximal convoluted tubules. The diameter of distal convoluted 
tubules is bigger and the microviles rarely appear and are shorter (6). The nucleus 
is centrally located. At the lever of proximal convoluted tubules were identified 
unequal arrangement nucleus, where appears microviles elapsed in the brush 
edge. 

 
Conclusions 

 
Ureterum presented a mucous membrane with a urinary type epithelium 

consisting of 6 – 8 layers of cell.  
The lamina propria of the ureterum consists of dense connective tissue to 

the lax epithelial and connective towards muscular.  
The mucosa of the bladder is lined by urothelium with different look, 

depending on the condition of bladder fullness. Urothelium presents 6 to 8 layers of 
cells, round shape.  

Lamina propria of urinary bladder is composed of connective tissue that 
allows folding lax bladder mucosa.  

The proximal convolutes tubules represents the longest segment of the 
nephron in the cortical labyrinth an dis dusted by a single layer of cubical or 
prismatic epithelial cells with prominent microviles who carries out the edge of the 
brush. 

The distal convoluted tubules consists of numerous nucleus and presents a 
wider lumen output compared tot hat of proximal convoluted tubules.  

The epithelium of distal convoluted tubules containts shorter prismatic cells 
than proximal convoluted tubules . 
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Summary 

 

The current study describes and interprets, according to the obtained results, 
different aspects regarding the lymphatic circulatory system of the caudal thoracic mammary 
gland in domestic cat. Two methods had been used in order to emphasize the lymph nodes 
and the vessels that drain this gland: radiographic indirect lymphography with a contrast 
agent and in vivo injection of the coloring substance followed by the euthanasia of the 
subjects and stratigraphic regional dissection. The biologic material was represented by 10 
domestic cats, clinically healthy, with their mammary glands in different physiological stages. 
The obtained results indicate the fact that the caudal thoracic mammary gland may present 
two possibilities of drainage. The investigation techniques used by us were able to 
complement each other in order to create a more complete lymphatic map as possible. It is 
very important to assess the possibilities of lymphatic drainage, and more especially the 
lymph nodes that drain the lymph, because in different types of mammary tumors these 
normal variants need to be clearly differentiated by the pathologic drainage. We consider 
that the current study has a real didactic and clinic utility. Knowing the precise lymphatic map 
of the caudal thoracic mammary gland in domestic cat leads to the establishment of proper 
surgical procedures as well as a correct prognosis when the mammary gland presents 
cancerous pathology.  

Key words: cat, lymphatic, mammary gland, drainage 

 
 The current study is a part of a more complex study whose main purpose 
was to map the lymphatic drainage of all mammary glands in domestic cat. We 
have decided to present in this article the results obtained for the caudal thoracic 
mammary gland T2, by using two methods of investigation which complement each 
other. It is a known fact that there is no perfect method of investigation of the 
lymphatic circulatory system, but each of them is being useful in collecting 
information regarding this complex system.  

We believe that this study can be really helpful both in terms of teaching 
and clinical knowledge. A precise lymphatic drainage map of the caudal thoracic 
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mammary gland in domestic cat leads to the appropriate selection of the surgical 
procedures as well as to a correct prognosis in case of mammary gland cancerous 
pathology. 

This study was approved by the Bioethical Board of the Faculty of 
Veterinary Medicine of Cluj-Napoca, Romania. 

 
Materials and methods 

 
The biological material for this study was represented by 10 females, 

common breed domestic cats. All the animals were clinically healthy. Five out of 
ten cats were examined by using the radiographic indirect lymphography with 
contrast agent and for the other five the method of injecting a coloring agent in vivo 
was performed, followed by stratigraphic and regional dissection.  

Both methods were used only for the caudal thoracic mammary glands 
from a single side of the body, having a total of 5 mammary glands investigated by 
each method. The cats included in the study were all adults with various ages and 
body weights.  

Neuroleptanalgesia was performed prior to each procedure in all examined 
subjects. 

For the radiographic indirect lymphography with contrast agent the product 
Optiray 350 was used. The amount of 0.5 ml of contrast agent was injected in the 
sub-areolar region and in the mammary parenchyma. An X-ray series was done, 
images being obtained at 1 minute, 5 minutes and 10 minutes after the injection. 
This allowed us to observe the distribution pattern of the contrast agent from the 
mammary parenchyma into the lymphatic vessels and lymph nodes responsible for 
the drainage of the lymph coming from the caudal thoracic mammary gland. 

The second method, represented by the stratigraphic and regional 
dissection, required the injection in vivo of a coloring agent both subcutaneously 
and in the mammary parenchyma. We have chose Evans blue dye due to its 
tropism for lymphatic system. A total amount of 0.4 ml was used for each caudal 
thoracic mammary gland, 0.1 ml being injected in four points (cranial, caudal, 
lateral and medial). The subjects were euthanized 24 hours later the injection, this 
time being necessary for the diffusion of the coloring agent from the mammary 
parenchyma of the caudal thoracic mammary glands T2 to the corresponding 
lymph nodes. Prior to the euthanasia a neuroleptanalgesia was induced. It is 
important to mention that cats designated for the method of injecting a coloring 
agent in vivo, followed by stratigraphic and regional dissection were brought by 
their owners for euthanasia due to different reasons (aggressive behaviour in their 
environment, relocation of the owner or the impossibility of finding a foster or a new 
owner in due time for adoption). 
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Results and discussions 
 

The images obtained by radiographic indirect lymphography with contrast 
agent indicate the direction of the lymphatic drainage of the caudal thoracic 
mammary gland. In five cases the radiographic images with the subjects in a latero-
lateral decubitus and a latero-lateral projection indicated the fact that there was a 
single main lymphatic vessel that drained the lymph in a cranial direction from the 
caudal thoracic mammary gland (Fig.1). In one out of five cats we noticed the 
presence of an accessory thin lymph vessel that was orientated in a caudal 
direction. The caudal thoracic mammary gland T2 could drain the lymph exclusively 
in a cranial direction, but also in both ways, cranial and caudal, in which case it has 
a double lymphatic drainage (Fig.2). 

The collecting lymphatic vessel that leaves this gland in a cranial way did 
not approach the adjacent glandular parenchyma, respectively the one of the gland 
T1 and it orientated towards the accessory axillary lymph node (Fig.1). 

 

 
 

Fig. 1. Cranial drainage of the T1 mammary gland and T2 mammary gland (1 
minute after the injection) 
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Fig. 2. Presence in one cat out of five of a thin lymphatic vessel which drains 
caudally 

 
Another important aspect was noticed in a single cat that had the 

mammary gland in a lactating physiological stage. In this case the ventro-dorsal 
radiological projection with the subject placed in a dorso-ventral decubitus 
highlighted the perfect visualisation of the mammary parenchyma accompanied by 
the subcutaneous lymphatic vessels (Fig.3). This one was perfectly opacified due 
to the contrast agent. 

 

 
 

Fig. 3. Visualization of the mammary parenchyma and its adjacent lymphatic 
vessels 
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Through the stratigraphic and regional dissection method preceded by the 
injection a coloring agent in vivo we identified two possibilities of the lymphatic 
drainage of the caudal thoracic mammary gland.   

In four out of five subjects the lymphatic drainage was exclusively in a 
cranial direction and in one cat the drainage was double, both in a cranial and a 
caudal direction.  

As for the cranial drainage of the mammary gland, we can state that the 
first lymph node station that received the lymph from the caudal thoracic mammary 
gland was represented by the accessory axillar lymph node. In four cases the 
accessory axillary lymph node was double (cranial and caudal) and in one case we 
have identified two extra axillary lymph nodes, much smaller than those mentioned 
above. We have named these ones secondary or supplementary accessory axillary 
lymph nodes because they were placed on the trajectory of the lymphatic vessels, 
in the proximity of the accessory axillary lymph nodes and they were much smaller 
in size. In terms of topography, the first lymph node station that received lymph 
from the caudal thoracic mammary gland was found on the trajectory of lateral 
thoracic artery and vein. Sizes ranged between 0.7-1 cm long and 0.3-0.5 cm width 
for the caudal accessory axillary lymph node, respectively 0.5-0.8 cm long and 0.2-
0.4 width for the cranial accessory axillary lymph node (Fig.4 and Fig.5). 

  

 
 

Fig. 4. The caudal accessory axillary lymph node (black arrow) and the cranial 
accessory axillary lymph node (white arrow) 

 

 
 

Fig. 5. Lymphatic nodes accompanying accessory axillary lymph nodes 
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Concerning the second lymph node that forms the axillary lymph center, 
the proper axillary lymph node, we can state that it was identified in all the 
examined subjects, being situated at the angle of the lateral thoracic veins and 
axillary veins. It was also noticed that the proper axillary lymph nodes had smaller 
size compared to accessory axillary lymph nodes, which seemed to be the main 
lymph nodes that formed the axillary lymph center (Fig.6). 

 

 
 

Fig. 6. The proper axillary lymph node 
 

Due to its intense dyeing with Evans blue, the cranial sternal lymph node 
was also responsible of the caudal thoracic mammary gland drainage. In all the 
examined cats this lymph node was constantly present, being double in four cases 
and triple in one case (Fig.7). 
 

 
 

Fig. 7. Triple cranial sternal lymph node 
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As it was previously stated, in one cat out of five the lymph from the caudal 
thoracic mammary gland was drained in a double way, both cranial and caudal. 
The lymphatic drainage in the caudal way was done through the afferents lymph 
vessels that brought the lymph to the first lymph node station represented by the 
inguino-femoral lymph center. The later seemed to be formed by two lymph nodes 
packages, caudal epigastric lymph nodes and mammary lymph node. Due to its 
topography, the caudal epigastric lymph node seemed to have a homogeneous, 
but very poor impregnation with Evans blue. This lymph node was small and it was 
situated in between the two abdominal mammary glands. The efferent vessels of 
this lymph node reached the mammary lymph node. Compared to the caudal 
epigastric lymph node, the mammary one was very poor colored. The size of this 
lymph node was 1.2 cm length and 0.4-0.5 width, being localized in the inguinal 
mammary gland region (Fig.8). 
 

 
 

Fig. 8. The caudal epigastric lymph node (black arrow) and the mammary lymph 
node (white arrow) 

 
The studied references indicate that most authors have undertaken studies 

of the lymphatic system of the mammary gland of the bitch, sometimes the general 
term of carnivores being used (6, 7). 

 Patsikas and Dessiris realized in 1996 a lymphographic study in bitches, 
by injecting the contrast agent Lipiodol UltraFluid (6, 7). 

Lymphographic studies of the mammary gland lymphatic drainage of the 
cat by using the contrast agent Lipiodol UltraFluid were realized in 2009 (4, 5). 

Our results following the lymphographic study showed that the caudal 
thoracic mammary gland T2 was drained by a single main lymphatic vessel in five 
cats out of five. In four cats, this gland presented an exclusive cranial lymphatic 
drainage towards the axillary lymph center. In one cat the lymphatic drainage was 
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double and the lymphography highlighted a lymphatic vessel that leaved the gland 
at its caudal pole and headed towards the caudal plane of the body. The lymph 
node station that drained the lymph transported by this vessel could not be 
revealed. Other authors did not confirm this type of drainage, claiming that this is 
realized exclusively cranially at the level of the axillary lymph center (4, 5). 

Regarding the interglandular connections between T1 and T2, the authors 
that performed lymphograhic studies claimed that there are no such types of 
connections (4, 5). In none of the two study groups examined by us, no vessels 
that realized connections between the homolateral and heterolateral thoracic 
mammary glands were highlighted.  

During time, the injecting method of a colorant agent with tropism for the 
lymphatic system was used by many researchers. They injected the mammary 
parenchyma in bitch and female rabbit (doe) with Prussian blue (Berlin blue), India 
ink and Evans blue (2, 10, 11, 12, 16, 17, 18). In some cases, the lymphatic 
drainage of the mammary gland was studied in bitches with mammary glands 
tumors (14). Besides the above mentioned methods for the investigation of the 
lymphatic circulatory system, different techniques of ultrasonography have been 
also used (13, 15). 

Chronologically, studies of lymphatic drainage of the mammary gland in the 
cat followed to those made in the bitch. They were realized by the injection of blue 
dye in the bodies, followed by dissection (19, 20, 21, 22). A few years later, the 
method of injecting a coloring agent in vivo was performed in cats, followed by 
stratigraphic and regional dissection (8, 9). 

Our research regarding the injection of a colorant agent showed that the 
caudal thoracic mammary gland may have a exclusively cranial lymphatic drainage, 
or a double one in both cranial and caudal direction.   
 Some authors sustain, without having clear evidences, that T2 can be 
drained only in one direction, either cranial or caudal (3, 22). Our results are similar 
to those authors that claim that T2 is always drained cranially and sometimes in 
both directions cranial and caudal (8, 9). More than that, exactly like in their 
studies, the double lymphatic drainage showed a lower percentage compared to 
the cranial one.  
 Cranially, the lymph is filtered by the axillary lymph center and caudally by 
the superficial inguinal lymph center. This aspect is confirmed by several authors 
(3, 8, 9, 22). 
 In the current study we have noticed that the cranial sternal lymph node is 
responsible for the drainage of T2 gland. Our results are confirmed by other 
authors (1, 8, 9). 

Our study revealed that the caudal epigastric lymph nodes and the 
mammary ones are responsible for the caudal drainage of the caudal thoracic 
mammary gland, these results being confirmed by other authors (3, 8, 9, 22). 
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Conclusions 
 

The two methods used in this study demonstrated that the caudal thoracic 
mammary gland may present an exclusive cranial lymphatic drainage as well as a 
double one, in a cranial and caudal way. On this point we can say that the 
possibility of a double-way lymphatic drainage is much lower than the exclusively 
cranial drainage. The first lymph node station in cranial direction was the accessory 
axillary lymph node and in caudal direction was the caudal epigastric lymph node. 
These statements highlighted the variability of the lymphatic circulatory system. 

It is very important to mention that in the clinically healthy cats the 
investigation methods used by us did not underlined interglandular connections 
between heterolateral caudal thoracic mammary glands or between these ones and 
mammary glands placed cranially or caudally. The connections between the lymph 
nodes observed in the current study should be taken in consideration by the 
clinicians.  

The investigation methods of this study complement each other, but the 
stratigraphic dissection method can only be used for experimental purposes. On 
the other hand, the radiographic indirect lymphography with contrast agent is a 
great diagnosting imaging method that can be used in clinical practice mainly 
because the contrast agent that we used did not alter the health of the subjects. 
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Summary 

 
In this study are described in detail the main morphological and topographical 

aspect regarding the coronary arteries in goats. The study was performed on 10 hearts from 
goat. Coronary arteries were injected with a contrast agent (AGO). Right coronary artery 
gives cranial, caudal and ascending branches. Among them, the caudal branches presents 
individual variations. In general, the right coronary artery ends bifurcated, each branch 
penetrating cardiac muscle before getting into the subsinusal groove. Left coronary artery it 
has twice higher caliber than the right coronary artery. Among its terminals, the most 
developed is paraconal branch, which ends on the right side of the heart by three unequal 
branches. Circumflex branch, lower than paraconal branch, ends at the origin of subsinusal 
groove through a ascending and descending branches. The most important collateral of 
circumflex branch is marginal branch, that emerges in the opposite direction of the strongest 
atrial collateral of circumflex branch. 

Key words: goat, coronary arteries, heart 

 

C. hircus is a species currently, that is used increasingly often as a model 
in biomedical research. Goats can be easy to handle and transport, intelligent, 
clean and they appear to be harder than other members of the ruminant suborder 
(1). Knowledge of the detailed morphology in this species is a strict necessity and 
is useful in understanding of the numerous “structure-function” relation. Regarding 
the vascularity of the heart at C. hircus species are relative scarce (7). Most 
scientific papers describe the coronary circulation in sheep (2), large ruminants or 
camel (3,4,5,6).  
 

Materials and methods 
 
The research was conducted on 10 hearts from slaughtered adult animals. 

The animals had weights between 20 and 30 kg. After harvesting, the hearts were 
washed with water, including cavities. It was aimed to eliminate the residual blood 
present in the lumen of the coronary artery by compressing them from the terminal 
to the origin. Subsequently, was introduced the plastic substance for contrast 
(AGO) in the lumen of the coronary arteries at the level of the aortic bulb. Injected 
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pieces were placed in 10% formalin solution for one week. After washing to remove 
formaldehyde they have been dissected by the classical method. The most 
representative pieces were photographed. 

Identification and description was achieved using Nomina Anatomica 
Veterinaria -2005. 

 
Results and discussions 

 
The right coronary artery, after the detachment (at approximately 2-3 cm) it 

issues the first atrial collateral. It detaches towards the right and addresses the 
right atrium on it’s concentric face, after which it releases three categories of 
branches: cranial, caudal and ascending (Fig. 1-1). 
 

 
 

Fig. 1 Origin of the right coronary artery (original) 
1-first atrial collateral; 2- right coronary artery 3- ascending branches from the first 

atrial collateral (1); 4-aorta; 5-the second collateral of the right coronary artery 
 

The cranial branches orientate towards the right auricle and split at it’s 
ventral face.  

The caudal branches can be in a number of two (40% of the cases) or just 
a single branch can exist (60% of the cases). In the last case, this branch is more 
developed and, after an approximately 2 cm trajectory, it ends in the concentric part 
of the atrial mass in the area corresponding to the interatrial septum.  

The ascending branches detach from the terminal part of this first atrial 
collateral. They ascend towards the opening place in the right atrium of the cranial 
vena cava and terminally branch out in its wall. The longest of the ascending 
branches, appears as a direct continuation of this collateral and it’s oriented 
caudally, giving branches in the concentric wall and the roof of the right atrium.  
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The next collateral issued by the right coronary artery detaches at a 2 cm 
distance from it, in an opposite sense from the previous. It is relatively soft and it 
has an ascending trajectory towards the superior border of the pulmonary arterial 
cone and it ends cranially from the pulmonary arterial trunk’s origin.  

Right after this collateral was released, the right coronary artery issues a 
well represented ventricular branch that has a subepicardic descent on the parietal 
wall of the right ventricle (Fig. 2). After a approximately 3 cm trajectory it tapers and 
penetrates in the ventricular wall’s thickness. Through its distribution, this collateral 
irrigates the anterior part of the right ventricle’s auricular face. 

The next collateral of the right coronary artery detaches in an opposite 
direction from the last two described branches, it’s soft and sinuous, it has a 
trajectory at the superior border of the right ventricle’s anterior wall.   

 

 
 

Fig. 2 Right coronary artery (anterior view of the heart) (original) 
1- Right coronary artery; 2- first ventricular branch, 3- caudal branch; 4- 

terminal branches of the right coronary artery; 5- the paraconal branch 
 

After releasing this collateral, a branch that directs caudally towards the 
subsinusal groove’s origin detaches from the main trunk of the right coronary artery 
(Fig 2-3). This branch’s trajectory is on the ventricular myorcardium surface at a 
distance of 1 cm ventral from the coronary groove. Along its entire length (of 
approximately 4 cm) it issues collaterals especially from the superior border, in a 
number of 3-5, different as development, all having the same ascending trajectory 
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towards the superior margin of the right ventricle. These end at the atrio-vetricular 
groove’s level.  
  

 
 

Fig. 3 Right coronary artery (anterior view of the heart) (original) 
1- right coronary artery; 2- caudal branch; 3-paraconal branch; 4- terminal branch  

 
In most of the cases (80%), the right coronary artery ends forked in a sharp 

angle, each resulting branch ending with ramifications and penetrating the 
myocardium mass before the subsinusal groove (Fig. 3). 

Through its distribution, the right coronary artery therefore ensures the 
dominant irrigation of the atrial mass and of the anterior wall of the right ventricle. 

 The left coronary artery divided in two branches (Fig. 4). The paraconal 
branch, appears as a true terminal to the left coronary artery having at its origin and 
approximately double caliber to the circumflex branch. It follows the direction for the 
paraconal groove in an oblique cranio-ventral direction and in its middle third, the 
caliber of the artery reduces by half. After exceeding the cranial border of the heart 
on the paraconal groove’s direction it reaches the right face of the ventricular mass 
where it ends through three unequal branches (Fig. 5). The descending branch 
depletes in the thickness of the myocardium above the heart’s apex, near the 
caudal border. The ascending branch climbs on the subsinusal groove’s direction 
up to its half. The lower of the terminal branches inures at the level of the formed 
angle between the ascending and descending branch. After 2 cm trajectory it 
penetrates in the ventricular myocardium’s mass on the subsinusal groove’s 
direction.  
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Fig. 4 Terminals of the left coronary artery of a goat (auricular face) (original) 
1- aorta; 2-left atrium; 3-left coronary artery; 4-paraconal branch; 5- the circumflex 
branch; 6- branches for the right ventricle from the paraconal branch; 7- branches 

for the left ventricle from the paraconal branch  
 

 
 

Fig. 5 Terminal aspect of the paraconal branch of the right face of the heart 
(original) 

1-the heart’s apex; 2- terminal branches of the paraconal branch  
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On the trajectory, the paraconal branch issues ventricular branches both 
for the right ventricle but also for the left ventricle. The branches destined for the 
right ventricle detach from the superior border and irrigate the anterior wall of the 
right ventricle, on the area located dorsally from the paraconal groove. These 
branches are numbered from 5 to 7 and gradually decrease in volume towards the 
apex of the heart. The first of these collaterals turn in a cranio-dorsal way on the 
left face of the pulmonary arterial cone and go out in the thickness of the 
myocardium before reaching the origin of the pulmonary arterial trunk. Through its 
distribution, it’s the main artery that irrigate the myocardium that corresponds to the 
left side of the pulmonary arterial cone. The second cranial collateral of the 
paraconal branch detaches ventrally from the previous one at approximately 1 cm 
distance and has a comparable development to this one. It has an almost 
horizontal trajectory, being partially obscured by superficial muscle fibers and after 
a cca. 2,5 cm penetrates the thickness of the anterior wall of the right ventricle, 
ventral from the pulmonary arterial cone. The next dorsal collateral of the paraconal 
branch has and ascending trajectory, slightly sinuous and with a length of 
approximately 2 cm. Through its distribution, it irrigates the anterior wall of the right 
ventricle on the area corresponding to the cranial border of the heart being located 
ventrally from the a0rea irrigated from the third ventricular collateral released by the 
right coronary artery. The next 2-4 collaterals detached from the anterior border of 
the paraconal branch are relatively soft, have an ascending trajectory and right 
after their detachment enter the cranial wall of the right ventricle which they irrigate 
in its distal third on the part located above the paraconal groove.  

The branches for the left ventricle detach from the caudal border of the 
paraconal branch and are more extensive comparred to the ones destined to 
irrigate the right ventricle (Fig.6). The number of these collaterals varies between 7 
and 9, best represented being the first 3. All these branches have an oblique 
trajectory pronounced in a ventro-caudal way. The first caudal collateral detaches 
at about 4-5 mm from the paraconal branch’s origin and turns towards the caudal 
border of the heart. It has a superficial subepicardic trajectory of 5-6 cm, and 
terminally appears forked at the level of the caudal margin of the ventricular mass, 
where it contributes to its irrigation in its ventral third. 

On its trajectory, this collateral sends short and delicate branches from the 
profound face that penetrates the myocardium’s thickness directly after their 
detachment. Through its caliber and distribution this collateral ensures the main 
irrigation of the superior half of the auricular face of the left ventricle. The next 
caudal collateral detaches at approximately 1 cm ventrally from the first, being less 
massive and much shorter (cca. 2 cm) from the previous branch. It is oriented in a 
oblique and ventral-caudal sense, at half the distance between the first and the 
third caudal collateral of the paraconal branch.  

The third caudal collateral of the paraconal branch is the most developed 
of all the collaterals released by the terminals of the coronary arteries at this 
species and it has at its origin twice the caliber from the first caudal collateral of the 
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paraconal branch. It comes undone in a sharp angle from the paraconal branch 
and caudally turns, making a curvature with the dorsally oriented concavity. Finally, 
it penetrates the myorcardium’s thickness before reaching the caudal border of the 
heart. On its trajectory, this artery releases both superficial and deep branches. 
The profound branches issued in the proximal and middle third, slightly and 
obliquely detach, some of them conducted in a cranial sense and others in a caudal 
sense from the main trunk’s direction.  

The cranial branches, in a number of 4-5, enter into the thickness of the left 
ventricle’s myorcardium located behind the paraconal groove. The caudal branches 
are more numerous (6-7) and more voluminous than the pevious ones and after the 
detachment they instantly enter the thickness of the myocardium.  

The superficial branches detach from the main trunk in the distal third of 
the third caudal collateral from the paraconal branch. Among these, 3 are best 
represented, una directed cranially, the other two oriented ventrally. The cranially 
oriented branch has a horizontal trajectory, initially subepicardic, and after cca. 1 
cm penetrates the thickness of the myorcadium.  

The ventral branches descend towards the heart’s apex having a slightly 
divergent trajectory. Through the distribution mode, this main collateral of the 
paraconal branch ensures the main irrigation of the ventral half of the left ventricle, 
on its auricular face until the level of the heart’s apex. 

The last two collaterals lower towards the heart’s apex on its atrial face.   
The circumflex branch of the left coronary artery is at its origin more 

reduced in volume comparred to the paraconal branch, having a approximately 3 
mm diameter directs caudally, at the superior border of the left ventricle, having a 
trajectory on the surface of the ventricular myocardium at a 1-1,5 cm distance from 
the atrial mass (Fig. 6). After it intersects the caudal border of the heart at the same 
distance from the left atrium’s base, it passes on the right face of the heart, ventral 
from the coronary groove. It terminally engages in the subsinusal groove where it 
forks into an ascending and descending branch (Fig. 7). 

The ascending branch rises on the susinusal groove’s direction and enda 
ventral from aperture of the left azygos vein in the coronary sine. On its trajectory, 
this branch issues delicate branches detached especially from the cranial border, 
that terminate in the superior third of the atrial face of the right ventricle. The 
descending branch lowers on the subsinusal groove’s trajectory sending 
ramifications in its superior third. 

On its trajectory, the circumflex branch issues ventral ventricular collaterals 
but also dorsally oriented collaterals. Ventral collaterals are better represented and 
slightly oriented oblique in a caudal-ventral sense (Fig. 6-4). 

The first of these collaterals, relatively developed, detaches at about 3 cm 
from the origin of the circumflex branch. Initially masked by subepicardic adipose 
tissue, then has a subepicardic descending trajectory of 1,5 cm after which it thins 
and gets lost under the fibers from the superficial layer of the left ventricle’s 
myocardium.  
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The next ventral ventricular collateral is represented by the marginal 
branch released at the level of the caudal border of the heart. It has at its origin a 1-
1,5 mm caliber being the most voluminous of the circumflex branch’s collaterals. It 
frequently lowers (70% of the cases) very obliquely towards the subsinusal groove 
which it touches in its middle third. On its entire length issues from the profound 
face delicate branches that get lost in the thickness of the myocardium but also two 
superficial branches, better represented, that have a visible subepicardic trajectory. 
The first of these detaches at approximately 1 cm from the origin of the marginal 
branch from the left side of the main trunk.  
 

 
 

Fig.6 Collateral for the left circumflex branch (caudal view of the heart) (original) 
1-left coronary artery; 2-paraconal branch; 3-left circumflex branch; 4-ventricular 

branches of the circumflex branch  
 
It has a length of about 2 cm in the superior third of the caudal margin of 

the heart, which it lowers into a vertical trajectory. The second superficial branch 
detaches from the right side of the main trunk, at about 1,5 cm before the marginal 
branch reaches the subsinusal groove’s level. This branch is less developed than 
the previous one, having a length of about 1 cm. 

In conclusion, the circumflex branch of the left coronary artery assures the 
main irrigation of the caudal wall of the left ventricle in the superior half of the 
caudal border and of the atrial face of the heart.   

The dorsal collaterals of the circumflex branch are relatively soft and less 
numerous. The first 3 collaterals are very delicate, short and penetrate the 
myocardium from the superior margin of the left ventricle.  
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Fig. 7  The left circumflex branch’s trajectory of the auricular face of the heart 
(original) 

1-left circumflex branch; 2-terminals of the paraconal branch; 3-marginal branch; 4- 
terminal branches of the right coronary artery 

 
The best represented from the dorsal collaterals detaches opposed from 

the left ventricular marginal branch and ascends to the caudal edge of the left 
atrium. It has a slightly sinuous trajectory and after aprox. 1 cm address from a 
deep plan the auricular fragment of the left atrium. The dorsal collaterals, issued 
subsequently until the terminal bifurcation, climb from the right face of the superior 
border of the left ventricle towards the base of the left atrium, ending before getting 
to that level.  

 
Conclusions 

 
Overall, in goats, both coronary vascular systems were morphologically 

and topographically similar with the situations from cow and sheep. Thas, it has 
been observed that left coronary artery was more developed than the right and it 
circumflex branch is in continuity with subsinusal branch. 

By the first right atrial collateral branch, dominant ensure the supply of the 
atrial mass. 

By cranial collateral branches, the paraconal branches supply the auricular 
face  and distal third of the wall of right ventricle, just to subsinusal groove. 
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The caudal branches of the paraconal branch supply the auricular face of 
posterior wall of the left ventricles, down to apex. 

Left circumflex branch had as main ventricular collateral branch, the 
marginal branch, arise on the caudal border of the heart and finished bifurcated.  

Left circumflex branch splits at the level of subsinusal groove in a 
ascending branch and a desending branch (or subsinusal branch). 
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Summary 
 

Approaching the issues of pathobiochemistry in an integrative and transdisciplinary 
context is based on information offered by the modern biochemistry and molecular biology 
with reference to proteomics, genomics, metallomics etc. 

In biological systems the interactions produced by various exogenous (the 
presence of some xenobiotics) and / or endogenous (deficiency or excess of certain 
metabolites) factors can set off diseases which successively affect normal metabolic 
processes, the physiological activity of the cells and, finally their morphological integrity 
(ultrastructure). 

Data provided briefly in this review reveal the transdisciplinary character in the 
connected approach of pathobiochemistry in the domains of human, veterinary and vegetal 
pathology (phytopathology). In this context there are presented also some peculiarities 
related to the investigation of pathobiochemical risks by biomarkers with diagnostic 
possibilities and monitoring.  

Keywords: pathobiochemistry – integrative data, transdisciplinarity, biomarkers. 

 
1. Concept of pathobiochemistry 

 
Biochemistry and molecular biology offered a theoretical and applicative 

support for the understanding of the chemical structure – biological activity relationship, 
being of interest in normal and pathological states, with a possible delimitation between 
biochemistry and pathobiochemistry (2, 4). 

A precursor moment was represented by the distinction between the 
metabolisation of nutrients - as a domain of biochemistry and the biotransformation of 
xenobiotics - as a domain of pathobiochemistry. To this the studies regarding the 
dishomeostasis of bioconstituents from tissues and biological fluids were also added. 
Such investigations followed the elucidation of the aspects relating to the molecular 
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nature of physiological / pathophysiological processes and their involvement in 
morphological / morphopathological changes – being of interest for biochemical 
pathology (pathobiochemistry). 

In these conditions the concept of “molecular pathology” – name given in 1923 
by Schade – gained a new understanding. It is mentioned that, during the course of 
time, this concept has acquired a continuous extenstion. In the present – largo sensu – 
the concept of “biochemical pathology” is used (14, 15, 23). 

In the acceptation of current knowledge, pathobiochemistry can be considered 
as an integrative and transdisciplinary domain in life sciences. Pathobiochemistry 
follows the investigation of the molecular basis of the disruption of biochemical 
interactions, as a consequence of the bioincompatibility induced by compositional, 
structural and quantum changes of the chemical compounds present in the organism. 

Viewed as a dynamic characteristic of biological processes, pathobiochemistry 
highlights the emergence of “the biochemical injury” at a cellular level. This is followed 
by metabolic disturbances, characterized in a second stage as „cellular lesions”. These 
are only partly reversible. 

As a result of the interactions various substances result in the organism, for 
which we agree to accredit the name residual “bioincompatible metabolites” - originated 
from the excess of endogenous compounds (harmfull) or residual “bioincompatible 
xenobioderivatives” - originated from exogenous compounds (contaminants) which 
have acceded through the digestive, respiratory or cutaneous path. 

The biogenesis of “bioincompatible metabolites” and / or “bioincompatible 
xenobioderivatives” leads inherently to the perturbation of the chemical structure – 
biological activity relationship and, implicitly, to some physiopathological and 
morphophatological processes. 
   

2. Integrative specificity in pathobiochemistry 
 
The non-existence of rigorous boundaries between the investigations with 

biochemical, physiological and morphological character in the approach to biological 
systems was demonstrated by the progresses made in the last decades. The objective 
of the investigations is the same, the investigations methodology is different and 
constantly perfected. 
 Thus, different domains (reciprocally integrating themselves), allowed a more 
thorough approach, in consonance with “unity in diversity” – an attribute specific to 
processes that govern the living world. This “interdisciplinary integration” lead to the 
development and deepening of pathobiochemical, physiopathological and 
morphopathological knowledge. 
 The continual focus of biochemistry and molecular biology on the study of 
nucleic acid macromolecules (especially DNA), offered a new content (restrictive) to the 
concept of “molecular pathology” in relation to the initial meaning (7, 9). 
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 In this context the research concerning deoxyribonucleic acid (DNA) 
constituted a priority domain, contributing to the elucidation of some aspects relating to 
normal and pathological processes, starting from proteomics and genomics. 

Pathology (pathos – suffering, logos – word, teaching), is a term used since 
antiquity by the physician Galenus (AD 129 – 201). The term is addressed to an 
essential domain of medicine, important in the understanding of the changes which 
accompany morbid processes.  
 During the course of time, the term of “pathology” – acquired a constant 
extenstion aiming at man – human pathology, animals – veterinary pathology and 
plants – plant pathology (phytopathology). 
 It is considered that in pathology – viewed as an integrative domain – there are 
four distinctive and defining aspects: 

a) etiology – which defines the causes of diseases. Of note that etiological aspects 
are studied in all situations in plants, animals and man; 

b) pathogenesis – which follows the unfolding mechanisms of the processes (at 
biochemical and physiological level). In relation to this aspect connected 
domains developed: pathobiochemistry (the biochemistry of pathological 
processes) and pathophysiology (physiopathology); 

c) morphological changes – through which the alterations (disturbances) induced in 
cells, tissues, organs and, progressively, the whole organism are highlighted;  

d) pathological significance – has as purpose the evaluation of physiological and 
morphological changes, integrating the frame which defines “the condition of 
disease”. 

 In medical pathology (human / veterinary) the pathological significance leads 
to the establishment of the diagnosis and the establishment of prophylactic / 
therapeutic, metaphylactic measures. For your information the fact that in the present 
there are institutes with Pathobiochemistry profile in clinics is mentioned. 
 In phytopathology the pathological significance leads to diagnosis (to use a 
term accredited in phytopathology) and the establishment of measures regarding plant 
protection. 

 
3. Pathobiochemical peculiarities in thanatocytosis 

 
The improving and extending of specific analytical methods in biochemistry 

and pathobiochemistry lead to the emergence of a new domain – tanathochemistry 
which has as objective the investigation of products collected post – exitus. 
Tanathochemistry (gr. Tanathos - the god of death) as a domain of investigation is 
used in certain profile laboratories (e.g. forensic medicine, judicial chemistry, and 
forensics). 

In this sense the extenstion of the applications of certain analytical methods 
used in biochemistry – aiming at biological fluids, tissue samples obtained by biopsy 
etc. and in tanathochemistry – aiming at fluids and/or tissues collected through 
necropsy is mentioned. 
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If about the biochemical methods applied in clinical chemistry there is a ample 
literature and numerous specialty laboratories operate, the same thing cannot be said 
about tanathochemistry. 

Issues of tanathochemistry has a much wider extension, being of interest for 
the global aspects regarding the entire organism, but also for the particular aspects 
being of interest for the organs, tissues and even cells. For the approach of the issues 
of tanathochemistry in relation to cytology we agree to use the term tanathocytosis. 

Tanathocytosis is a concept that defines cellular death marked by a regressive 
dynamic of the morphophysiological and topobiochemical processes. The accreditation 
of this concept obliges to an evaluation of the morphological and morphopathological, 
physiological and physiopathological, biochemical and tanathochemical particularities 
of the processes that lead to cellular death (11). 

Apoptosis and necrosis present dichotomies and dualities. As dualities: the 
chemical structure – biological activity relationship; morphological ultrastructural 
characteristics – functional attributes relationship can be remarked.  

Starting from a few comparative morphophysiological and topobiochemical 
data regarding apoptosis and necrosis (table 1) the differences between: the degree of 
extenstion of the process; the evolution of the cells; the status of the ultrastructure of 
the nucleus and of the cellular organelles; modifications of the structure of nuclear DNA 
through the fragmentation of the DNA macromolecule at the internucleosomal level etc. 
can be observed. These differences represent, in fact, the distinction between 
biochemistry and pathobiochemistry in the domain of normal and pathological cellular 
death. 

 
Table 1 

Morphophysiological and topobiochemical particularities of 
apoptosis and necrosis (comparative data) 

Apoptosis Specification Necrosis 

Circumscribed to a cell Degree of extenstion Extended to several cells 

Fragmentation into apoptotic 
residues (non-scar aspect) 

Evolution of the cell 
Hypertrophy followed by 
disruption (scar aspect) 

Distruption 
of nuclear chromatin 

The status of the 
ultrasturcture of the 
nucleus 

The dissolution of the 
entire nucleus 

Hyperplasia 
in the late stage 

The status of the 
ultrastructure of the 
cellular organelles 

Hyperplasia 
in the initial stage 

Constant fragmentation 
of DNA at the  
internucleosomal level 
(endonuclease cleavage) 

Nuclear DNA 
(global aspects) 

Random fragmentation 
of DNA at the 
internucleosomal level 
(endonuclease cleavage) 
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Limited, and in the 
end, absent 
 

Synthesis of oxidative 
Enzymes 

Activated, and 
present until 
the end 

 
Apoptosis – was defined as “programmed cellular death”, therefore considered 

normal. At its origin it is assumed that there is a genetic program, so a “set of genes” 
engaged in this process. Viewed from this point, apoptosis presents itself as a 
physiological process at the base of which lie the dynamic characteristics of biological 
processes: metabolism, chronobiochemistry, biochemical homeostasis. 

In apoptosis processes of proteolysis intervene which lead to the cell shrinking, 
disintegration of the cytoskeleton and the modification of the cell membrane. In these 
conditions a phagocytic cell (e.g. a macrophage) can intervene and digest the cell 
found in morphological involution. The initiation of apoptotic processes begins through 
the activation of a family of proteases called capsase (pre-existing as inactive 
procapsase). Apoptosis is also encountered during the course of adult life, e.g. the 
involution of certain tissues through the reduction of the hormonal status (the prostate, 
endometrium, the mammary gland a.o.); the modifications arising in the immune 
system (the death of certain lymphocytic clones and the apparition of other ones), 
conditioned by the apparition of certain new antigens etc. 

In apoptosis processes of proteolysis intervene which lead to the cell shrinking, 
disintegration of the cytoskeleton and the modification of the cell membrane. In these 
conditions a phagocytic cell (e.g. a macrophage) can intervene and digest the cell 
found in morphological involution. The initiation of apoptotic processes begins through 
the activation of a family of proteases called capsase (preexisting as inactive 
procapsase). Apoptosis is also encountered during the course of adult life, e.g. the 
involution of certain tissues through the reduction of the hormonal status (the prostate, 
endometrium, the mammary gland a.o.); the modifications arising in the immune 
system (the death of certain lymphocytic clones and the apparition of other ones), 
conditioned by the apparition of certain new antigens etc. 

During the growth and development period of the organism apoptosis is more 
intense. In the adult period apoptosis is found in certain tissues, especially at the level 
of the intestine, bone marrow etc. In the organism, in healthy individuals, apoptosis is 
balanced by the formation of new cells. 

Necrosis – characterized by cellular death at the origin of which lie 
physiopathological and morphopathological processes. The process of necrosis (gr. 
nekros-death) can set up gradually, affecting various groups of cells from a tissue or 
organ with the irreversible compromising of vital functions. 

In necrosis the specific of “induced cellular death” by certain distinct 
biochemical / cytological lesions exists. In this case an increase of the cell volume 
occurs, preceded by a loss of the integrity of the cellular membrane. The cells gradually 
lose their content, and the tissue starts to inflame, which affects the neighbor cells. 

In certain situations the process of necrosis can set in suddenly, as a 
consequence of the brutal exposure to xenobiotics, i.e. chemical, physical or biological 
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agents with destructive effects. The process can also evolve slowly, being preceded by 
progressive and potentially reversible processes, situation in which a process of 
necrobiosis (gr. nekros – death, bios – life) can be spoken of. So, in conclusion one can 
state that in necrosis cell death sets in, and in necrobiosis there is a potentially 
reversible path in the evolution of the injured cell towards necrosis. 

 The etiology of necrosis is multiple: chemical agents, e.g.: toxic substances, 
immunological injuries; physical agents, e.g.: hypoxia, ischemia; biological agents, e,g.: 
viruses, bacteria, parasites (10, 17). 

 A special remark is made regarding apoptosis and necrosis, in the sense that 
these processes – which in our opinion, can be considered particular cases of 
tanatocytosis – can evolve concomitantly. Such observations were made in the case of 
neoplasms in which surgical interventions were made followed by the depression of the 
status of steroid hormones (androgens or estrogens). In these situations, besides the 
necrotic processes, certain apoptotic processes where also detected at the level of the 
damaged tissue. 

So, viewed in a more general context it can be explicitly considered that 
apoptosis and necrosis are expressions of the dynamic evolution specific to certain 
processes that are of interest to biochemistry and pathobiochemistry. 
 

4. Transdisciplinary specificity in pathobiochemistry 

 
4.1. General characteristics 
An approach of the pathology problems, even if general, inherently leads to the 

affiliation to kingdoms needing contextual delimitations.  
The investigation of molecular and ultrastructural aspects consecutive to the 

interactions induced by xenobiotics as physical agents (e.g. ionizing radiations, 
ultraviolet radiations), chemical agents (e.g. polycyclic aromatic hydrocarbons, metallic 
ions, organochlorinated derivates, mycotoxins) or biological agents (e.g. bacteria, 
viruses) is important in pathobiochemistry (3, 5, 16, 22). Thus, defining the specific 
mechanisms of the “metabolites - xenobiotics” interactions becomes possible. The 
detection of the molecular mechanisms allows the specification of the transformations 
specific to pathobiochemistry which can lead to mutagenic, carcinogenic and 
teratogenic effects. 
 

4.2. Reporting to the biological kingdoms 
 

4.2.1.  Human / veterinary pathology 
 In human and veterinary pathology in order to classify diseases the etiological 
criterion (among others) is taken into consideration (see details with WHO coding). 
 Such classifications, published in specialty treatises from the field of medical 
pathology distinguish between: 

) non-transmittable diseases – produced by so called ecological agents: physical 
(radiations, temperature, etc.); chemical (contaminants that are organic and / or 
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inorganic in nature); biological (with reference to genomics); psycho - social 
(stress); 

) transmittable diseases – viroses (caused by specific viruses for human and / or 
animals), bacterial infections, rickettsiosis, fungal infections, diseases caused by 
protozoa, helminthiases etc. In the case of these diseases a species specific 
determinism can be observed. 

 The fact that there are a series of diseases common to man and animals 
known under the name of anthropozoonosis (e.g. anthrax, brucellosis, leptospirosis, 
plague, tularemia a.o.) is remarked. 
 In medical pathology two investigative directions are followed: 1) morpho-
pathology – based on macroscopical and microscopical morphological examination; 2) 
clinical pathology – in which: biological fluids, e.g. blood, fluids obtained by cavity 
aspiration, cerebral-spinal fluid (CSF), urine – using methods specific to clinical 
chemistry, hematology, microbiology and tissue samples – later brought to the form of 
extracts, filtrates or grinded tissues - obtained by Potter-Elvehjem (i.e. „broyage” in 
french) and analysed.  
 

4.2.2.  Plant pathology (phytopathology) 
 It has as its object of study the diseases of plants from agricultural crops or 
from the spontaneous flora. The approach of phytopathological aspects has in view the 
biochemical, physiological, morphological (of plant cytology and histology) changes. 
These can affect the plant’s ability produce and reproduce. 
 In phytopathology, according to specialty treatises, under de aspect of etiology 
(of causes) we can distinguish: 

) non-infectious diseases (physiological) – produced by ambiental “abiotic factors”, 
e.g. humidity, temperature, light, deficit / excess of bioelements or (sometimes) 
the presence of some elements with toxic potential; 

) infectious diseases (parasitic) – produced by various pathogenic agents. 
Depending on the specific of the pathogen agents various diseases specific to 
plants can be distinguished: viroidoses (caused by viroids); viroses (caused by 
plant viruses); autophitoses (parasitic diseases in superior plants with or without 
chlorophyll). 

  If a parallel is made in the domain of medical pathology and of phytopathology 
the existence of similar evaluation criteria of the transmittability of diseases, i.e. non-
infectious diseases (non-transmittable); infectious diseases (transmittable) can be 
remarked (on a conceptual basis). 
 The problems of phytopathology concerted and reported to the biological and 
economical aspects found their solution in the measures instituted for the “protection of 
plants”. These follow the managing of the status of vegetation from agricultural crops, 
meadows, forested areas (tipical – woods or circumstantial – anti-erosion plantations), 
greenhouses, ornamental plantations, aquatic domains. 
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 The measures instituted for the protection of plants, as a whole, can be 
physical (mechanical), chemical (based on the use of xenobiotics or of specific 
pheromones) and biological (based on the competition between species). 
 The phytosanitary actions based on the utilization of chemical substances 
(generally xenobiotics) in the protection of plants can have an ecological impact. 
Thusly, the residues of xenobiotics or derivatives of these (xenobioderivatives) can be 
found in plant products (at the end of the biological chain) and in the water table. Also, 
they can lead to the creation of bioresistance to xenobiotics used as insecticides, 
nematocides etc. (e.g. the resistance to pesticides is known today as a “retard effect”). 
 

5. Investigation of pathochemical processes by biomarkers 
 

5.1. General considerations 
In pathobiochemistry the detection of certain substances, considered 

“bioindicators”, that appears in the organism as a result of the processes of 
metabolization and/or biotransformation is desired, or of the interactions between 
metabolites and xenobiotics (12, 24). With a generic term, such substances were called 
“biomarkers” (biological markers). 

In order to evaluate the activity of chemical xenobiotics and of residual 
xenobioderivatives (resulted in the course of biotransformation) – with impact on living 
organisms – the monitoring through biomarkers is suggested. In this way, the 
measurement of the degree of exposure but also of the individual susceptibility in 
relation to chemical xenobiotics becomes possible (12, 19). 

In the scientific literature various definitions for biological markers were tried. 
Thus, Silbergeld and Davis (21) consider that “biological markers are physiological 
signals that reflect the exposure, early cellular response with inherent or acquired 
susceptibilities which impose a new strategy in order to solve certain toxicological 
problems”. 

In the present the term «biomarker» is used in a wide sense, to include almost 
any measurement that reflects an interaction between a biological system and an 
agent from the environment, which can be chimica, physical and biological (25) 

The biomarkers find uses in identifying “the biochemical hazard”, through the 
investigation of the existence of an exposure of the organism to various chemical, 
physical, biological (implicitly infectious) xenobiotics and through the signaling of the 
possible apparition of a certain disease. Among the xenobiotics a special importance 
present the chemical xenobiotics of food interest for the reason that they are 
“involuntarily” consumed by each individual. 
 

5.2. Biomarkers types  
The data with epidemiological specific referring to the consequences of the 

interactions caused by xenobiotics and the interactions from the human organism, 
completed with data with an experimental character obtained as a result of 
investigations on laboratory animals, allowed the establishing of certain criteria for the 
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selection of biomarkers and their classification according to: a) exposure; b) effect; c) 
susceptibility (1, 6). 

 
In the following section the types of biomarkers are succinctly presented: 

a) Exposure biomarkers – they are exogenous substances (natural or xenobiotics), 
but they can also be metabolites/residual xenobioderivatives produced by the 
interaction between a xenobiotics and the target molecule. These biomarkers can be 
collected from a compartment (tissue/biological fluid) of the organism and analytically 
quantified. 

b) Effect biomarkers – they have at their origin biochemical, physiological, 
behavioral changes or of some other type that appear in the organism. Depending on 
the magnitude of biomarkers, the effects can be recognized directly or can be 
associated with an observed or possible modification of health status or with a disease. 

c) Susceptibility biomarkers – they are indicators of an innate or acquired ability of 
the organism to respond to the challenge produced by the exposure to a xenobiotice 
substance. 
 From the point of view of xenobiochemistry, the biomarkers offer observable 
“reference data” which show the evolution of the pathobiochemical and 
pathophysiological (physiopathological) processes. Further, the mentioned biomarkers 
can be used in the biological monitoring of exposure to chemical xenobiotics. A sketch 
of this is presented in fig. 1. 

 

 
Fig.1. Specific biomarkers for the investigation of the exposure to chemical 

xenobiotics 
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The fact that in the evaluation of the interaction between the chemical 
xenobiotics and biomolecules – followed by the molecular “biochemical injury” and then 
by the “cellular lesion” there are: a primum movens – being of interest for the 
pathobiochemical aspects and a secundum movens – showing pathophysiological 
aspects is remarked (8, 18, 20). 

Monitoring through biomarkers is also important for the reason that it offers 
information preliminary to the apparition of clinical manifestations. It is, in fact the stage 
of the apparition and extenstion of the “molecular injuries”. 

For your information, we mention that ideal biomarkers (13) must fulfill a few 
characteristics: a) the collection and analysis of samples should be simple; b) the 
specificity of the biomarker in relation with a certain type of distinct exposure; c) the 
reflection (by the biomarker) of only one reversible subclinical manifestation; d) the 
application (based on analytical results) of certain relevant preventative interventions; 
e) the use of the biomarker should be acceptable from an ethic point of view. 

 
5.3. Applications in the pathobiochemical risk assessment 
In xenobiochemistry but also in the fields of food chemistry, clinical chemistry, 

pharmacology, toxicology a.o. a correlation between the nature of the xenobiotic and 
the adequate biomarker can be made. In these circumstances the possible 
modifications of certain protein, lipid, and enzymatic metabolites are taken as 
benchmarks. In order to illustrate the aspect of the biomarker – xenobiotic relationship 
table 2 is presented (24). 

 
Table 2 

The specificity of certain biomarkers in relation to xenobiotics (24) 

Biomarker Xenobiotic 

ALAD inhibitor Lead 

AchE inhibitor Organophosphorus compounds ;Carbamates 

The induction of metallothionein Metals (cadmium) 

The thinning of the egg shell Organochloride compounds (DDT, Dicofol) 

Porphyrin Organochloride compounds 

Thermal shock proteins Metals ; Organochloride compounds 

Immune response Metals ; Polycyclic aromatic hydrocarbons 

DNA adducts, hemoglobin adducts 

Polycyclic aromatic hydrocarbons ; 

Nitrosamines ; Aromatic amines,  

Chemotherapeutic agents 

 Note: ALAD – aminolevulinic acid dehydratase; AchE – acetylcholinesterase  

 
Among the biomarkers certain metabolites stand out, especially the proteins, 

e.g.: enzymes, metaloproteins, and nucleoproteins. Among the nucleoproteins, 
deoxyribonucleic acid (DNA) presents a special interest, whose adducts with various 
xenobiotics can be accurately investigated through physico-chemical means. 
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The monitoring through biomarkers of the effects induced by food chemical 
xenobiotics was also applied in the framework of certain laboratory animal model 
experiments (e.g. testing various food additives of organic or inorganic nature, 
administered in different doses). The data obtained thusly regarding the relationship 
between the administered dose – exposure time – adverse effects can offer information 
on the risk of producing certain lesions at the level of various organs (e.g. kidneys, liver 
etc.). 

Measurements of the modifications of certain biochemical parameters of the 
organism made over the years in the context of “biological monitoring” were used in 
investigations with an epidemiological specific which follow the chronic exposure to 
toxic xenobiotics. In this sense we mention: investigations conducted on workers from 
various industrial domains with a high risk of exposure to pollutants of an organic 
nature (e.g. polycylic aromatic hydrocarbons, polychlorinated biphenyls etc.) or of an 
inorganic nature (e.g. Hg, Pb, Cd, etc.). 

Also, the experiments made on animal models which followed the monitoring 
of the effects induced by xenobiotics of food interest (e.g. testing various food 
additives) and xenobiotics of pharmaceutical interest (e.g. the evaluation of the effects 
consecutive to the administration of chemotherapeutic drugs) are mentioned. 

In such cases the measurements of biomarkers give critically important 
information between the exposure to a chemical xenobiotic, the internal dose and the 
modifications of the health status. Such data have a great value for determining and 
investigating a pathological risk. In this sense the link between xenobiochemistry and 
preventative medicine is remarked. 

Referring to the applications of biomarkers in the field of public health their 

grouping in the following categories is mentioned: ) valid biomarker – accepted by the 
scientific community largo sensu for the predictive character of the clinical evolution of 

a certain disease; ) probably valid biomarker – can have predictive values, but it is not 
yet reproducible or widely accepted. 

The biomarkers are suitable for use in monitoring the physiological / 
physiopathological status of the organism (at certain time intervals), as these can be 
determined and applied at the individual level or within a population group. The 
individual/population variations can be evaluated in statistical terms and used in the 
pursuit of the objectives related to public health. 

 
6. Conclusive data 

 
Pathobiochemistry based on the theoretical and applicative contribution of 

modern biochemistry and molecular biology provides an integrative and 
transdisciplinary framework for investigations from molecules to the whole organism. 
Such investigations become, in fact, current along with the development and extension 
of biomarkers’ applications. 

Thus, by means of biomarkers the investigations progressed from the 
„biochemical injury” - meaning the disturbance of some metabolic reactions to „cell 
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lesion” - typical expression of physiopathological changes occured in human and 
veterinary pathology, as well as in vegetal pathoogy (phytopathology). The 
development of these ideas includes also issues of thanatocytosis which looks both the 
programmed cell death (apoptosis) and the cell death induced by chemical, physical 
and biological xenobiotics (necrosis). In this framework there were given some 
examples regarding the use of biomarkers related to the control of pathologic risk 
(prevention), pathologic status (diagnose) and monitoring the evolution of the casuistry 
with possible metaphylatic aspects. 
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Summary 

 
The aim of this paper was to assess on the integration of the dogs in their human 

family and on their willingness to meet the owner’s demands. The study was performed on 
15 dogs of different ages: growing up or arrived at full maturity (up to four years of age) and 
over four years of age, also taking into account the level of the owner’s involvement in 
educating his pet. 

In this respect, to assess the temperament and the degree of adhesion to human 
group, it has been used the Campbell test and for testing the training skills, the Volhard 
test.The interpretation of these tests was made on the score obtained by the animals, after 
following certain simple tasks. 

After applying the tests, in 7 out of a number of 9 dogs up to four years of age, dogs 
who have benefited in the past from the active involvement of the owner in their education 
process, it was found that they have a great temperament for being good companions, while 
those who have been ignored in this regard, have developed an independent behavior, 
without showing concern for the family and owner, regardless of the age group. 

Key words: temperament, training skills, dog. 

 
Because of the special relationship developed between the owner and his 

pet, the ontogeny of the canine behaviour is of great importance (3). Therefore, 
knowing the particularities of each period of development of the dog, from the 
embryonic stage and up to the full maturity (2-4 years) (1, 2), becomes essential for 
a better adaptation and integration into human’s day-to-day activity (1). Regardless 
of the use of the dog (companion dog, watchdog or working dog), shaping a good 
temperament can be done only through a right attitude of the owner towards his 
animal, at every stage of its development, and by printing the desired behavior 
using training. 

The purpose of this paper was to evaluate the temperament and the skills 
for being trained, in order to get an overview of the level of integration of the dog in 
it’s human family, it’s emotional balance and willingness to cooperate with the 
owner in executing certain basic commands. 
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Materials and methods 
 

There were subjected to two types of assessment (Campbell and Volhard 
tests) 15 dogs, from which seven were males and eight females, aged between five 
weeks to 10 years, half-breed and belonging to different breeds. 

Campbell testing involves assessing the animal's temperament and 
provides information about the attraction to the human group, the degree of social 
compatibility and the ease with which the dog accepts the hierarchy established by 
the owner. The dogs were assessed by receiving from 1 to 6 points for each of the 
performed task. 

1. Call the animal (Come!) - Assess the social attraction, confidence or 
dependence. 

2. Accompaniment (following owner) – the lack of any attraction shows 
independence. 

3. Immobilization (the acceptance of physical dominance). 
4. Cessation of restraint and caressing (the acceptance of social 

dominance). 
5. Lifting from the floor (the acceptance of domination when the animal is 

no longer in control). 
Volhard testing implies the assessment of the training skills by performing 

four simple commands, each response being quantified by scoring from 1 to 5/6. 
1. Fetch; 
2. Sensitivity to touch; 
3. Sensitivity to noises; 
4. Responding to unknown objects. 

 
Results and discussions 

 
In Table 1 is shown the score obtained by each animal after executing the 

commands given.The tasks that haven’t been fulfilled and the answers that have 
not complied with the patterns proposed by the test, haven’t been analyzed. 

From a total of 15 dogs, 9 were up to four years of age, which means that 
they either reached their full maturity (2), either are still growing up (1).They are the 
ones who are best suited for being involved in training programs and now, the way 
in which the owner responds to their various behavioural manifestations will 
permanently influence their future behaviour. 

The responses of the half-breed puppy five weeks aged (XI) are not 
conclusive because it is in the canine group socialization period (1), when it 
shouldn’t be removed from the litter. Even if the dogs are relating also to people, 
now the puppies are learning the specific behaviour and are taught by their mother 
the first parental discipline lessons. Removing them from the litter in this period will 
lead to adaptation issues and behaviour problems towards other dogs and to 
human group. 
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Tabel 1 
The results of the tests 

Dog 
No. 

Gender Breed Age Campbell Volhard 
Final 
score 

        1 2 3 4 5 1 2 3 4 
 

I M 
Half-breed 
 

4 years 2   5 3 3 3 2 4   3 

II M Tekel 6 years 3 2 1 1 2 2 5 3 3 2. 3 

III M metis 2 years 5 5 6   6 6 1 6 6 6 

IV M Sheepdog 5 years 2 2 2 2 2 4 1 4 3 2 

V M Mops 3 years 3 3 5 3 3 4 5 4 5 3 

VI M Labrador 5 years 2 2 3 5 1 3 5 4 3 3 

VII M 
Half-breed 

 
9 years 2 3 4 4 1 6 5 4 5 4 

VIII F 
Half-breed 

 
1 year 4 5 5 4 3 4 3 3 3 3 

IX F 
Half-breed 

 
1 year 3 3 3 3 3 2 5 3 2 3 

X F Pekinez 
3.5 

months 
2 2 3 3 3 3 4 3 1 3 

XI F 
Half-breed 

 
5 weeks 2 4 3 

1
.
3 

6 4 5 4 
3
. 
5 

3. 4  

XII F Amstaff 4 years 3 3 4   6 4 1 3   3 

XIII F Beagle 5 years 2 2 5 3 3 2 3 3   3 

XIV F 
Half-breed 

 
10 years 6 6 6 6 6 6 5 4 5 6 

XV F Mops 4 years 2 3 4 3 3 4 5 4 5 3. 4 

 
Dogs which have two numbers in the column corresponding to the final 

score, obtained equal scores at the tests. The dog number II is an energic and 
friendly animal, but in the same time dominant and self-confident (1) and whose 
owner is not enough firmly and determined. It could be easy to train such an 
animal, but is not recommended as a pet for undecided persons (1). The dog 
number XV meets all the qualities of a good companion for children because it’s 
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relaxed and has a flexible temperament. It should be easy to deal with such a dog 
because it tends to seek for the owner’s guidance. 

The dog number III, which has a majority score of 6 points, is very 
independent and didn’t show interest for the family and the owner. It is a 
descendant of female number XIV, which had the same score and likewise, doesn’t 
seems to want a human companion. The owner told us that he didn’t considered 
necessary to train or educate in some way these dogs. 

The rest of seven dogs from the up to 4 years of age group (I, V, VIII, IX, X, 
XII, XV), acquired a majority score of 3 points. This tipe of dog is relaxed, friendly, 
with a flexible temperament, which means that it will suit easily to any situation. 
Because it’s also very energic, it needs a lot of exercise, for which reason it is not 
recommended as a companion for older or sedentary people (1).Such a score 
denotes also an active involvement of the owner in educating and training basic 
skills to his dog, as confirmed by all the owners. 

The number X dog has the optimal age to be trained. It is also the best 
moment to permanently establish the man to dog position (social hierarchy). 

 
Conclusions 

 
Dogs benefiting from the active involvement of the owner in the critical 

periods of their development, with minimal training lessons, will develope a suitable 
temperament and become good companions. 

Ignoring the animal emotionally and deprivating it from training will lead, 
sooner or later (dogs III and XIV), to an attitude of indifference to owner and family. 
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Summary 
 

Although the Eurasian lynx (Lynx lynx L.) was spread throughout Europe, it has 
disappeared from most of its habitats during the 18th and 19th centuries. Nowadays the only 
remaining populations are in isolated areas of Scandinavia, Russia, Poland, Romania and 
the Balkan Peninsula. The loss of habitat, reduced food sources and intensive hunting (there 
was a period in Romania, during the '50s - 60s of last century, when it was considered 
harmful for herbivorous species for hunting) were the causes which can explain the reduced 
indigenous population of Eurasian lynx subspecies Carpathian lynx (Lynx lynx ssp. 
carpathicus) in the Romanian Carpathians Mountains. Due to this situation and considering 
the OG 20/2014 and OUG 31/2014, the lynx is considered be a species that requires strict 
protection in Romania. Taking into account this situation and the fact that there is a limited 
literature regarding the anatomical particularities of this species, we considered useful a 
description of the skull, which can be a trophy. Being a strictly protected species, the risk of 
poaching is high, so is important to know the most important features that can distinguish the 
lynx from domestic or wild cat. The study was conducted on five lynx skulls, coming from the 
museum of Anatomy Department from the Faculty of Veterinary Medicine of Bucharest. It 
was observed that the zygomatic arch provides greater closure of the orbit in lynx comparing 
to the domestic cat and a higher retroorbital zygomatic process. Also the aboral palatine hole 
is close to the aboral edge of the hard palate, which has the appearance of semicircular 
edge. 

Key words: Carpathian lynx, skull, anatomical particularities 

 

Although the Eurasian lynx (Lynx lynx L.) was spread throughout Europe, 
the species has disappeared from most of its habitats during the XVIIIth and XIXth 
centuries. Nowadays the remaining populations of lynx are present in remote areas 
of Scandinavia, Russian Federation, Slovakia, Poland, Romania and the Balkans 
(1, 5, 6, 9, 11). In other states it has been reintroduced to the wild, being strictly 
monitored (Croatia, Slovenia) (5). Loss of habitat, reduced food sources and 
intensive hunting (there was a period in Romania in the 50s - 60s of the last 
century, when it was considered harmful to herbivorous hunted species – deer, 
stags) were the causes that may explain the reduced population of the subspecies 
of the Eurasian lynx known as Carpathian lynx (Lynx lynx ssp. carpathicus) in the 
Romanian Carpathian Mountains (9). Because of this situation and given the 
Government Order 20/2014 and Government Emergency Ordinance 31/2014, the 
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lynx is considered a species requiring strict protection in Romania. Given this 
situation and that there is a limited literature regarding the anatomical particularities 
of this species, we considered useful a description of the skull (2, 3, 4, 7, 8, 12), 
which is considered a valuable trophy for hunting. Being a strictly protected 
species, the poaching risk is high, so it is useful to know the most important 
characteristics that can distinguish between domestic or wild cats and lynx. 
According to the literature, Carpathian lynx is dimensionally larger than Central 
European lynx (Slovakia, Austria), but lower than the lynx of the Russian 
Federation (9). 
 

Materials and methods 
 

The study was realised on five Carpathian lynx skulls (Lynx lynx ssp. 
carpathicus), of the Department of Anatomy Museum at the Faculty of Veterinary 
Medicine Bucharest, skulls that are present in the museum for over 40 years. One 
of the skulls was incomplete. There is not known to which sex belonged the skulls, 
but according to literature (9) there are not significant skull dimensional differences 
in the two sexes. Description of the skulls, identifying formations and their 
homologation were made according to Nomina Anatomica Veterinaria (N.A.V.) 
2005. The most interesting aspects were photographed. 

 
Results and discussions 

 
There were watched the neurocranium specific anatomic features (Ossa 

cranii) and splanchnocranium (viscerocranium) (Ossa faciei) of the Carpathian lynx 
(Lynx lynx ssp. carpathicus) (fig. 1). In general, the skull is not spheroidal like in the 
domestic cat (Felis catus syn. Felis silvestris catus), is slightly elongated, standing 
out a reduction in the length of splanchnocranium over the neurocranium. The back 
of the neurocranium is formed of the parietal bones (ossa parietales) and frontalis 
bones (ossa frontales), with an increase in the height of external sagittal crest 
(crista sagittalis externa). (fig. 2).  
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Fig. 1. Skull of a Eurasian lynx (Lynx lynx ssp. carpathicus) – lateral aspect 

(original) 
1. External sagittal crest (crista sagittalis externa), 2. Zygomatic process of the 
frontal bone (processus zygomaticus), 3. Zygomatic bone (os zygomaticum), 4. 
Zygomatic process of the temporal bone (processus zygomaticus), 5. External 

acoustic meatus (meatus acusticus externus), 6. Tympanic bulla (bulla tympanica), 
7. Maxilla body (corpus maxillae), 8. Infraorbital foramen (foramen infraorbitale), 9. 

Nasal bone (os nasale), 10. Pterigoid hamulus (hamulus pterygoideus). 
 

 
Fig. 2. Skull of a Eurasian lynx (Lynx lynx ssp. carpathicus) – dorsal aspect 

(original)  
1. Nuchal crest (crista nuchae), 2. Zygomatic process of the frontal bone 

(processus zygomaticus), 3. Lacrimal foramen (foramen lacrimale), 4. Nasal bone 
(os nasale), 5. Body of the incisive bone (corpus ossis incisivi) 
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It notes the development of mastoid processus (processus mastoideus). 
Paracondylar processus (processus paracondylaris) has a slightly aboral 
orientation. There was no evidence in none of the studied specimens the 
supraorbital foramen. The zygomatic process of the frontal bone (processus 
zygomaticus) has an angular shape, is very well developed and is slightly ventral 
oriented. The foramen magnum (foramen magnum) has an oval aspect with 
transversely oriented shaft. Tympanic bula (bulla tympanica) is highly developed. 
The external auditory canal (meatus acusticus externus), reduced, opens through a 
wide foramen, elliptical, with the large shaft horizontally disposed (fig. 3).  

 

 
Fig. 3. Skull of a Eurasian lynx (Lynx lynx ssp. carpathicus) – ventral aspect 

(original). 
 

1. Foramen magnum (Foramen magnum), 2. Tympanic bulla (bulla tympanica), 3. 
Major palatine foramen (foramen palatinum majus), 4. Palatine bone (os 

palatinum), 5. Palatine process of maxilla (processus palatinus), 6. Incisive bone 
(os incisivum) 

 
The splanchnocranium presents also a number of characteristic features. 

The alveola for canine is deep (reaching up to 2.5 cm), followed by a clear 
interalveolar margin. The canine presents on the vestibular surface two obvious 
longitudinal grooves, similar in species of the genus Panthera. The upper 
masticatory dentition is represented by two premolars (P3, P4) and a low molar 
(M1). Most authors who studied the feline teeth believe that for the genus Lynx is 
characteristic the absence of the premolar 2, in some specimens in the youthful 
(falling) dentition may appear a rudimentary premolar 2. This is a morphological 
character that differentiates the Lynx from the other cat genres, this one having 28 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 
 

 109 
 

teeth in the permanent dentition. Premolar 3 (P3) is well developed and followed by 
a robust premolar 4 (P4 or carnassial or sectorial tooth), the latter having on the 
dental neck the width about half of the length. It was observed that the zygomatic 
arch provides higher closure of the orbit in lynx comparing to the domestic cat and 
a higher retroorbital zygomatic process. Also the aboral palatine foramen (foramen 
palatinum majus) is near the aboral edge of the horizontal portion of the palatine 
bone, which is semicircular. The pterygoid hamulus (hamulus pterygoideus) is long, 
slightly recurved, sharp and ventro-aboral oriented. The nasal bone (os nasale), 
short, makes with the incisive an obvious naso-incisive notch. At the mandible level 
we can see the presence of a mental foramen (foramen mentale) accompanied 
with 2-3 other small mental foramens, canine crown presents one longitudinal 
grooves, premolars 3 and 4 are present, molars 1 being the most developed 
(carnassial tooth) and followed by a low molar 2 (fig. 4).  

 

 
Fig. 4. Mandible of the Eurasian lynx (Lynx lynx ssp. carpathicus) – lateral aspect 

(original) 
1, 2. Mental foramen (Foramen mentale), 3. Masseteric fossa (fossa masseterica), 

4. Coronoid process (processus coronoideus), 5. Angular process (processus 
angularis), 6. Condylar process (processus condylaris) 

 
The ventral edge of the molar part of body of the mandible is slightly 

convex. The angular process (processus angularis), reduced, is straight. The 
masseteric fossa (fossa masseterica) is wide and stretches also on the ventral half 
of the coronoid process. The coronoid process (processus coronoideus) well 
developed, rounded and aboral recurved is limited by a mandibular notch (incisura 
mandibulae) little in depth and wide, the condilian process (processus condylaris) is 
reduced, with convex and transversely elongated articular surface. 
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Conclusions 
 

The Carpathian lynx skull (Lynx lynx ssp. carpathicus) is less globular 
compared with the domestic cat (Felis catus syn. Felis silvestris catus) is slightly 
elongated, standing out with a reduction in the length of splanchnocranium over the 
neurocranium. 

The zygomatic process of the frontal bone (processus zygomaticus) has an 
angular shape, is very well developed and slightly ventral oriented. 

The canine presents two obvious fosses on the labial facet, similar to 
species of the genus Panthera. 

The aboral palatine foramen (foramen palatinum majus) is near the aboral 
edge of the horizontal portion of the palatine bone, which looks like a semicircular 
edge. 

The pterygoid hamulus (hamulus pterygoideus) is long, slightly recurved, 
sharp and ventro-aboral directed. 

The nasal bone (os nasale), short, makes with the incisive an obvious 
naso-incisive notch. 

The menton foramen (foramen mentale) is accompanied with 2-3 ancillary 
mental holes. 

On the labial facet of the canine crown on the mandible is present one 
longitudinal fosse. 

The coronoid process (processus coronoideus) well developed, rounded 
and aboral recurved is limited by a crown-condylar notch little in depth and wide, 
the condilian process (processus condylaris) is reduced, with convex and 
transversely elongated articular surface. 
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Summary  

 

The aim of this study was to analyze the variation of crude chemical composition 
and nutritional value of maize during the years 2014-2015. 

A total of 100 samples of maize were analyzed. It was determined the crude 
chemical composition (%), content of digestible nutrients (%) and metabolizable energy (ME 
kcal/kg) for swine and poultry. 

Significant differences (p<0.001) were observed between the values of principal 
nutrients of the two years. Thus, the following values were obtained: moisture (M%) varied 
between 8.53-10.02 and 10.85-19.03; ash (A%) between 0.83-1.81 and 0.71-1.01; crude 
protein (CP%) between 6.87-8.95 and 6.71-6.99; crude fat (ether extract) (EE%) between 
2.91-4.47 and 2.95-3.11; crude cellulose (CF%) between 1.42-2.73 and 3.99-4.24, and for 
starch (S%) values were between 65.18-75.37, respectively 74.75-76.77. In 2014, mean 
values for M%, A%, EE% and CP% were higher than in 2015, and the mean values of S% 
and CF% were lower for the mase year. Digestible nutrients followed the same line as the 
crude chemical composition values. The mean percentages of chemical composition for 
2015 contributed in obtaining higher values for metabolizable energy for swine and poultry 
(ME (kcal/kg) for pig=3468.16, and ME (kcal/kg) for poultry=3299.71) than in 2014 (ME 
(kcal/kg) for pig=3298.3, and ME (kcal/kg) for poultry=3154.27). These maize values were 
influenced by the precipitation regime and temperature in those two years. Thus, in 2014, 
the mean temperature (in August-September) was 18° C and precipitation regime of 87 mm. 
The year 2015 was one driest, registering a mean temperature of 20° C and a precipitation 
regime lower by 46% (40 mm) than in 2014. 

In conclusion, the variation of environmental factors (temperature and 
precipitations) influence the crude chemical composition and nutritional value of maize. 
 Key words: nutrients, metabolizable energy, maize, swine, poultry  

 
Maize is the basic energy component of compound feed for pigs and 

poultry, and of completing fodder mixtures for cattle, sheep and other animals (7). 
In our country, from a total of 8,234,437 ha of arable land, maize field is 

30.52% or 2,512,809 ha (according to INS - National Statistics Institute) (13). In 
Timis county, maize field exceeds the national average; a total area of 453,569 ha 
is arable land and the maize field- 179,064 ha (39.48%). The need for increased 
production of maize is due to many uses of it, both in animal feed and in human 
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food or in various industries (spirits, starch, etc.). Thus, the Romanian domestic 
demand for maize amounts to 4.5 million tonnes. 

Generally, in Romania, maize production fluctuates between 3.5 and 6 
t/ha. If in 2014 the average maize production, in Romania, was 4.8 t/ha, while in 
Timis - 4.5 t/ha, in 2015, considered a dry year, average maize production, in 
Romania, was 2.9 t/ha, while in Timis - 2.7 t/ha (according to the INS and the 
MADR - Agriculture and Rural Development Mystery) (14). 

Regarding the production of fodder for animal feed, maize interested in 
both the quantitative and qualitative research. The chemical composition of maize 
is influenced by many environmental factors: relief, soil, climate, ambient 
temperature and precipitation regime. 

Timis County’s relief is characterized by a great diversity of landforms, 
including low-lying plains and meadows, piedmont plains and hills and also 
northern ramifications of Poiana Rusca Mountains. This diversity determines both 
the major features of climate and its local nuances, they receiving specific 
characters of an interference zone with the continental, oceanic and Mediterranean 
influences. As a result of interaction of pedogenetic factors, resulted a large 
population of soils (5 soil quality classes). Generally, Timis county soil provides 
favorable conditions for crop farming, especially for cereals, but also for technical 
and fodder plants (according OSPAT- Timişoara Soil and Agrochemical Studies 
Office) (16). 
 The annual mean temperature in Timis county is 10.6ºC, the hottest month 
being July (21,1ºC). From a practical standpoint, the number of days with favorable 
temperatures for an optimal development of crops, ie those over 15° C, is 143/year, 
between May 7 and  September 26, this temperature ensuring good conditions for 
the maturation of the crop, including those with Mediterranean origin. Annual 
precipitations mean of 592 mm, close to the national average, is carried out mainly 
due to high water flows in May, June, July (34.4% of annual total). During favorable 
crop periods, fall almost 80% of precipitations, which will support the domestic crop 
development. Precipitation regime has an irregular feature with years more wet 
than means and other years with very little water flows (as ANM - The Meteorology 
National Institute) (15). 

In the context presented, farmland productivity, as a result of the diversity 
of physical and geographical conditions and of the intrinsic characteristics of soils 
and anthropogenic interventions occurred in while (temperature and precipitations), 
is much different in time and space (according OSPAT) (16). 

General characterization of maize is done by a high digestible sugar 
content and low in protein and cellulose. Maize contains up to 5.5% fat, and ash is 
formed of 45% phosphorus salt (7). 

The aim of this study was to analyze variations of the crude chemical 
composition of maize and its nutritional value for swine and poultry and the 
influence of environmental factors (ambient temperature and precipitation regime) 
on these indicators. 
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Materials and methods 
 
The study was conducted over a period of two years (2014-2015). Maize 

samples were from various distributors of cereals from the Timis county. For each 
year were analyzed 50 samples (a total of 100 maize samples). 

Maize samples were analyzed by NIRS (Near Infrared Reflectance 
Spectroscopy) method in the NIR Service Adisseo laboratories. NIRS is a 
spectroscopic method that uses the near-infrared region of the electromagnetic 
spectrum (from about 700 nm to 2500 nm), with apllications also in feed quality 
control. 

Received results were statistically analyzed. It was used descriptive 
statistics, using EXCEL and implemented statistical functions and the data were 
supplemented by calculating the mean, standard deviation, coefficient of variation 
and with Boxplot charts. 

Name and abbreviations used for determined nutrients were those from 
literature: moisture (M%), dry mater (DM%), ash (A%), crude protein (CP%), ether 
extract (fat) (EE% ), crude fiber (CF%), starch (S%), digestible protein (DP%), 
digestible ether extract (DEE%), digestible fiber (DF%), digestible starch (DS%), 
metabolizable energy (ME kcal/kg). For total carbohydrates in this paper were used 
the generic name of starch, because starch is the major component (92-97%) of 
carbohydrates and simple sugars are found in a small percentage (3-8% of total 
carbohydrates) (according to FAO) (12). 

Digestible nutrients (%) were calculated using crude chemical composition 
determined by NIRS method and the digestibility coefficients for pig and poultry 

(after Burlacu, 1983) (2), by formula:   

- D.N. = digestible nutrients; 
- C.C. = crude composition; 
- D.C. = digestible coefficient. 
Metabolizable energy (ME kcal/kg) for swine and poultry was performed 

using the formula described by Milos et al., 1983 (7): 

 

+ (4.08    

+ (4.23    

Data on ambient temperature and precipitation regime were taken from the 
database of the ANM (The Meteorology National Institute) for the two studied years 
(15). Were used monthly means of temperature and precipitation for Timis county, 
interesting especially the means from April to September, which is the optimal 
period of maize cultivation.  

 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 
 

 115 
 

Results and discussions 
 
Crude chemical composition of maize obtained by NIRS analysis is shown 

in Table 1.  
 

Table 1  
Crude chemical characterization of maize in the years 2014 and 2015 

 
(%) M  DM  A  CP  EE  CF  S  

2014 

Min.  10.85 80.97 0.83 6.87 2.91 1.42 65.18 

Max.  19.03 89.15 1.81 8.95 4.47 2.73 75.37 

Mean  14.94 85.06 1.32 7.91 3.69 2.07 70.06 

St. dev. 2.527 2.527 0.281 0.558 0.449 0.449 2.648 

C.V.  17 3 21 7 12 18 4 

Variance 6.385 6.385 0.079 0.311 0.201 0.134 7.013 

2015 

Min.  8.53 89.98 0.71 6.71 2.95 3.99 74.75 

Max.  10.02 91.47 1.01 6.99 3.11 4.24 76.77 

Mean  9.27 90.73 0.86 6.85 3.03 4.11 75.88 

St. dev. 0.48 0.48 0.087 0.083 0.053 0.077 0.533 

C.V.  5 1 10 1 2 2 1 

Variance 0.23 0.23 0.007 0.006 0.002 0.005 0.284 

  
For moisture (M%), crude ash (A%), crude protein (CP%) and crude fat 

(ether extract) (EE%) values levels were elevated in 2014 than in 2015. Crude 
cellulose (CF%) and starch (S%) registered higher values in 2015 compared to 
2014 (Fig. 1). 

Between the values obtained in the two studied years were observed 
significant differences (p <0.001), which shows the importance of variation in maize 
crude chemical composition. 

The limits of variation in nutrient content were larger for 2014 than in 2015 
(see Table 1). 

The content of digestible nutrients for pigs and poultry, have followed the 
same line as that of crude nutrients (Tables 2 and 3). 
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Fig. 1. Variation of maize crude chemical composition in 2014 and 2015 
 

 Even if, generally, the content of nutrients was reduced in 2015 than in 
2014, the nutritional value of maize expressed as metabolizable energy (kcal/kg), 
was inversely proportional. This is due to the content of starch which was increased 
in 2015 (Fig. 2). 
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Table 2  
Maize digestible characterization for swine 

(%) 
2014 2015 

DP DEE DF DS DP DEE DF DS 

MIN. 5.22 2.21 0.61 61.92 5.09 2.24 1.71 71.01 

MAX. 6.76 3.38 1.14 70.95 5.31 2.36 1.82 72.90 

MEAN  6.0122 2.8062 0.8917 66.5590 5.2061 2.3028 1.7673 72.0831 

ST. DEV. 0.4239 0.3415 0.1576 2.5159 0.0630 0.0400 0.0329 0.5064 

C.V. 7 12 18 4 1 2 2 1 

VARIANCE 0.1797 0.1166 0.0248 6.3298 0.0039 0.0016 0.0010 0.2564 

 
Table 3  

Maize digestible characterization for poultry 

(%) 
2014 2015 

DP DEE DF DS DP DEE DF DS 

MIN. 5.90 2.21 0.31 56.70 5.77 2.24 0.87 65.03 

MAX. 7.55 3.38 0.58 64.98 6.00 2.36 0.93 66.76 

MEAN  6.8032 2.8062 0.4562 60.9541 5.8911 2.3028 0.9042 66.0129 

ST. DEV. 0.4796 0.3415 0.0806 2.3040 0.0713 0.0400 0.0168 0.4638 

C.V. 7 12 18 4 1 2 2 1 

VARIAN
CE 

0.2301 0.1166 0.0065 5.3086 0.0050 0.0016 0.0003 0.2151 

 
   

  
 

Fig. 2. Maize metabolizable energy variation, for swine and poultry, in 2014 and 
2015 

 
 Regarding climatological conditions, according to ANM precipitation regime 
was increased in 2014, while the temperature annual mean was higher in 2015 
(Fig. 3).  
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 

 

 118 
 

 

 
 

Fig. 3. Meteorological data - means 
 

 Were analyzed the annual means of temperature and precipitations, as 
well as means for this data from April to September. This period (April-September) 
particular interested because it is the optimal period of maize crop in Romania. 
Sowing begins in April and harvesting is done in September. 

Differences in temperature and precipitations for the studied years were 
found to be higher in the April-September period than their annual means (table 4). 
   

Table 4  
Means for temperature and precipitations 

 
PRECIPITATIONS (MM) TEMPERATURE (°C) 

2014 2015 2014 2015 

ANNUAL MEAN 61.5 38 12 13 

APR-SEPT 
MEAN 

87 40 18 20 

 
From the statistical point of view for all comparisons were obtained lower 

probabilities of 0.001 (p<0.001) which means that there are "very significant" 
differences between the measurements from 2014 and 2015. The coefficient of 
variation is very important. In this study were obtained values less than 5%, which 
means that the data are homogeneous and thus the mean is very significant. It 
clearly highlights the variability of values, and the fact that for the two studied years 
values do not overlap. This was confirmed by tests and values of p <0.001. 

From this study it can be seen that variation in maize crude chemical 
composition can alternate greatly from one production year to another and this 
fluctuations may be influenced by climatic factors. The data obtained show that, in 
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2014, the precipitation regime was increased and temperature means were close to 
annual mean values, characteristic for Timis County (15). 

The moisture (M%), crude ash (A%), crude protein (CP%) and crude fat 
(ether extract) (EE%) were increased in 2014, being closer to the mean values of 
maize from Romania, described by Burlacu et al. (2002) (1). 2015 was, generally a 
driest year and poorest in nutrients for plants. In Timis county, precipitation regime 
was much reduced and temperature annual means - higher than those specific to 
the county (15). 

All these data (for precipitations and temperature) are important in the plant 
feeding process, demonstrating once again that the lack of moisture adversely 
affect nutrient content of forage. And high temperatures caused a rapid increase in 
maize evolving too, so at harvest time the plant was long past the optimum 
vegetation stage. This revealed also from increased crude fiber content obtained in 
this study. 
 These results are supported by the literature data, being known that water 
shortage and accelerating plant vegetation phase (by too high temperatures) 
causes an increase in the percentage of cellulose (3, 7). 
 Even if, generally, nutrients content was lower in 2015, because starch 
showed a higher percentage, in the same year, afforded a nutritional value, 
expressed in metabolisable energy, (for swine and poultry) higher than in 2014. So, 
even if maize production was lower in 2015 (according to INS - see introduction) 
this was somewhat offset by higher nutritional value. 

The results of this study are important for compound feed industry, maize 
being the main component of recipes for pigs and poultry. Variations of crude 
chemical composition and nutritional value of maize are important in recipes 
calculation and determination of inclusion percentage of maize and other 
ingredients in recipes, including feed supplements. When maize has a higher 
chemical composition and nutritional value the proportion of participation of other 
cereals can be reduced. 
 This results was supported also by Has et al. (2010), who analyzed the 
chemical composition of several maize genotypes from our country. Different 
values were for cross lines, local lines and imported lines. Thus, were obtained 
variations in starch values for cross lines (67.5%), local lines (64.9%) and imported 
lines (65.9%). They also obtained a wide phenotypic variability for fat, fiber and ash 
(6). 

Also in Romania, Frunza et al. (2015) analyzed the protein content of 
maize and obtained a mean of 8.5%, with 2% lower than the literature data. In 
these conditions, the authors highlighted the need to supplement a higher 
percentage of protein feed in livestock recipes, this thing claiming additional costs 
(5).  

Increased water content in maize may predispose to the development of 
fungi and mycotoxins risk. This was demonstrated by Pop et al. (2011) in a study 
conducted in Timis and Arad counties. The authors noted that more than 17% 
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moisture predispose maize to the development of fungi and development of 
mycotoxins (8). This has been supported by Wu et al. (2011) which demonstrated 
the effect of climatic factors (temperature and relative humidity) on the risk of 
mycotoxins, including life cycle and geographical distribution of insects that 
facilitates fungal infection in maize (11). 

The data from our study can be compared with those of other authors 
(Enyisi et al., 2014) which resulted in significant differences (p≤0.05) between 
nutrient values, as follows: moisture - 11.6-20.0%; ash - 1.10-2.95%; protein - 4.50-
9.87%; fat - 2.17-4.43%; cellulose - 2.10-26.7% and carbohydrates - 44.60-69.60% 
(4). 

Ullah et al. (2010) analyzed the chemical and nutritional properties of 
maize varieties in Pakistan and obtained large variations in ash content (0.7-1.3%), 
fat (3.21-7.71), proteins (7.71-14.60%), fiber (0.80- 2.32%) and carbohydrates 
(69.65-74.54%). The energy value for these varieties was between 307.04 and 
394.06 kcal/100 g, indicating a high nutritional value, as well as in our study (9). 
Other studies support the importance of knowing the crude chemical composition 
for assessing the nutritional value of maize used in animal feed (10). 

 Data from this study oriented towards nutritional properties 
knowledge of maize depending on climatic factors, variable from one year to 
another. Knowing the variations of nutrients can reduce the incidence of nutrient 
deficiencies in maize-based recipes. This information can guide us toward shaping 
optimal strategies to maximize the use of this feed materials in swine and poultry 
feed and to an economic profitability in farming animals. 

 
Conclusions 

 
Differences obtained in evaluating the crude chemical composition of 

maize in the years 2014-2015, demonstrates the influence of climatic factors. 
Wider limits variation of nutrients for 2014, compared to 2015 underlines 

the importance of precipitation in the process of maize feeding.  
Alternation of digestible nutrient content influences the percentage of 

maize participation in recipes calculation for swine and poultry. 
High starch content increases the nutritional value of maize, metabolizable 

energy having a particular importance in the process of feeding, breeding and 
productions in swine and poultry. 
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Summary  

 

The researches were focused on the analysis of cell populations in sheep 
colostrum (n=14) and milk (n=15) by examination of milk cytogram stained with the Panoptic 
technique. Identification and classification of cell types and subtypes were based on 
morphological criteria (nucleus aspect, chromatic material distribution, the presence of 
nucleoli or nuclear corpuscle) and physiological (volume and tinctorial variation of cytoplasm, 
ratio nucleus/cytoplasm, conditions and characteristics of activity). Cytologic configuration 
was completed with the evaluation of micro conglomerates between cell formations or 
between these and fat spherules. Milk cytology profile was defined by overall rating of cell 
contents, which included characterization and quantification of frequency of atypical cellular 
formations. Milk cytogram configuration was characterized by significant fluctuations during 
lactation, with predominance of macrophages in case of colostrum (45.65%) and 
lymphocytes in milk (36.27%). Comparative analysis of sheep colostrum and milk cytogram 
revealed higher proportions of active and hyperactive macrophages (45.60%), cellular and 
canalicular epithelial cells (8.33%) and atypical cellular formations (++) in colostrum. The 
predominance of these cells reveals the increased capacity to "self-defense" at level of 
mammary gland at the beginning of lactation which is a very labile phase. Epithelial cells 
population included alveolar, flattened and cylindrical type formations. Alveolar epithelial 
cells were in different states of activity had increased frequency in the population of epithelial 
cells; they were characterized by one or two spherical nuclei surrounded by a significant 
amount of basophil cytoplasm with foamy or annular aspect. Flattened epithelial cells were 
differentiated based on polygonal appearance and punctiform nucleus; cylindrical cells, rare, 
were presented as elongated formations, with oval nucleus and porous structure. The 
experimental results led to the conclusion that in colostrum can be observed frequently 
flattened and cylindrical cells derived from the cisternal or canalicular epithelium, and 
atypical cellular structures represented by nucleated polymorphic formations in necrobiosis 
or apoptosis. 

Keywords: Typical and atypical cells, colostrum, milk, sheep.  

  
Morphological investigations concerns the cell populations in colostrum 

and milk of sheep have acquired importance only in last two decades. 
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Consequently, there are insufficient data on mammary gland health surveillance 
regarding qualitative and quantitative evaluation of the cellular content of milk from 
this species. In the case of the sheep milk cytological investigations are still 
sporadic and often dates are limited to extrapolations and comparisons with dates 
concerning cow's milk and, especially, goat’s milk. The dates concerning milk 
configuration cytology and the number of somatic cells in small ruminants are 
sporadic and controversial (1). Researches in this domain were focused, primarily, 
on goat milk and have revealed the high frequency of atypical cells, cellular debris 
and anucleate formations for this species.  

The aim of this study was focused on the analysis of sheep milk cytological 
profile during the transition from colostrum to milk. Thus, were analyzed the 
relevance of milk cytograme for mammary gland health surveillance and risk 
evaluation of mastitis in early stages of lactation in sheep, phase characterized by 
a high cellular content with numerous atypical structures, cellular debris and 
anucleate formations. 

 
Materials and methods 

 
Cytomorphological researches were conducted on colostrum and milk 

samples (n=29) from indigenous breeds of sheep. Animals taken in study were 
grouped by stage of lactation: group I (n=14) sheep during colostral period; group II 
(n=15) during lactation period. The investigated samples were represented 
exclusively by physiological milk secretions, collected from healthy mammary 
glands. Mammary gland health assessment was based on clinical examination 
associated with Contrast test and CMT test (reagent Mastitestro) during lactation 
period and only Contrast test during colostral period (6). Milk samples collection 
was preceded by the usual sanitation measures: washing the mammary glands, 
removing the first streams of milk and mamelon disinfection with alcohol.  

From each animal were collected the milk mixed samples, composed of 
several fractions of milking, the amount being 5 mL for each mammary gland. Milk 
and colostrum samples were processed as stained smears (Dia-Quik-Panoptic and 
MGG methods), which were examined and evaluated by milk cytogram technique. 
This included, in addition to the common aspects of WBC counts in the blood, 
following particularities: the preparation of the milk sediment by centrifugation (10 
minutes at 3000 rpm) for 5 ml undiluted milk and 5 ml diluted colostrum 1: 4 with 
physiological saline solution; performing of milk sediment smears and their 
degreasing by immersion in xylene and methanol. 

Registration of the results has required adaptation of cytogram to the 
specific structure of milk secretion, by adoption of physiological criteria to 
differentiate the cell subpopulations and the atypical nucleated cellular structures. 
By extending of microscopic examination on a representative surface of smear with 
identification of minimum 100 cellular structures, was provided a special relevance 
for milk cytogram. Identification and classification of cell types and subtypes were 
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based on morphological criteria (nucleus aspect, chromatic material distribution, 
the presence of nucleoli or nuclear corpuscle) and physiological (volume and 
tinctorial variation of cytoplasm, ratio nucleus/cytoplasm, conditions and 
characteristics of activity). Cytologic configuration was completed with the 
evaluation of micro conglomerates between cell formations or between these and 
fat spherules 

The investigations were finalized with an overview of cellular content, being 
performed a milk cytological profile which included characterization and 
quantification of frequency of atypical cellular formations (using conventional 
symbols). 

 
Results and discussions  

 
Evaluation of the techniques used confirmed obtaining of superior results in 

case of colostrum diluted samples, these results being comparable with those 
obtained by degreasing of milk smears. Comparison of two staining methods 
proved the high quality of MGG stained smears against those stained by Dia-Quik-
Panoptic technique. We mention also that the realization of panoptic staining 
ensures a superior tinctoriality for milk sediment smears and an inferior for 
colostrum smears. However, we recommend using of panoptic staining for 
morphological examination of any type of milk secretion, with diluting of colostrum 
and secretions during dry period. We appreciate that the Dia Quick Panoptic 
technique is a rapid staining, which gives the practical character of milk cytogram. 

According to data presented in table 1, the distribution of cellular types has 
been characterized by significant variations of sheep milk from the two groups 
investigated (Fig. 1; 2). Particular relevance presented the predominance of 
macrophages which constituted the majority cell population of colostrum (45.65%) 
and healthy sheep milk (36.27%). There were also observed high proportions of 
lymphocytes in milk (32.5%) and active/hyperactive macrophages in colostrum 
(45.6%). As expected, the epithelial cell frequency was higher in colostrum (8.33%) 
than in milk (4.65%). 

Because the morphological characteristics of the cells which populate the 
milk, blood and cavitary fluids are well known (4; 6; 5; 7), we will analyze specific 
conditions for activity of epiteliocytes and morphological particularities which were 
the basis for the individualization and differentiation for this cells and for atypical 
cell structures.  

Epithelial cell population identified in investigated sheep's milk secretions 
included alveolar, flat and cylindrical epiteliocytes. 

Alveolar epithelial cells were in different states of activity had increased 
frequency in the population of epithelial cells; they were characterized by one or 
two spherical nuclei surrounded by a significant amount of basophil cytoplasm with 
foamy or annular aspect. Flattened epithelial cells were differentiated based on 
polygonal appearance and punctiform nucleus; cylindrical cells, rare, were 
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presented as elongated formations, with oval nucleus and porous structure. We 
considered that this type of epithelial cells may originate from cisternal or 
canalicular epithelium.  
 

Table 1  
Configuration of sheep milk cytogram during colostrum and lactation period 

 
Cell types 

Group 1 - colostrum 
(no=14) 

Group 2 - milk 
(no=15) 

No. % No. % 

Leucocytes PMN 54 19.56 57 26.51 

 Neutrophils 45 83.33 46 80.70 

 Eosinophils 7 12.96 7 12.28 

 Basophiles 2 3.7 4 7.01 

Lymphocytes 73 26.46 70 32.55 

Macrophages 126 45.65 78 36.27 

 Inactive 52 41.26 45 57.69 

 Active 51 40.47 25 32.05 

 Hyperactive 23 18.25 8 10.25 

Epithelial cells  23 8.33 10 4.65 

Total 276 100 215 100 

Atypical cellular structures*
 

++  + +/++ 

* – nucleated cellular structures in apoptosis or necrobiosis, sometimes 
represented only by nucleus 
+ = 1-15 elements; ++ = 16-30 elements 
 
 

 
 

Fig. 1. Morpho-physiologic aspect of cells in the sheep milk: M-macrophage; N 
neutrophil; L-lymphocyte; CA atypical cell (milk sediment; Dia-Quik-Panoptic; x100) 
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Fig. 2. Characteristic cell configuration in sheep colostrum: Lc-lactocytes; Ccl- 
colostral body; L-lymphocyte (Colostrum sediment; Col. MGG; x100) 

 
Atypical cell structures were represented as highly polymorphic formations 

very frequent in colostrum (++) and less frequent in sheep milk (+). In this category, 
we introduced only structures with recognizable nucleus and with atypical 
morphological characteristics which are determined by the necrobiosis or 
apoptosis. 

Colostrum cytological configuration reveals increasing of the phagocytic 
activity in early stages of lactation, which is very labile and requires “self-cleaning" 
and "self-defense" process at level of mammary gland. Furthermore, an increase in 
the frequency of PMN leukocytes at the end of colostral period can be correlated 
with intensification of contact between lactiferous structures and various microbial 
agents that colonize the mammary gland by ascending pathway. In this context, the 
cells of small ruminants milk can be divided (9) in leukocytes (65%) and mammary 
gland cells (35%), increasing numbers of PMN leukocytes being correlated with the 
various forms of mastitis. These results are unlike those obtained on a total of 100 
goats Verata breed that indicates a most important increase of the lymphocytes 
level in colostrum than in milk, explained by the participation of lymphocytes for 
cellular immunity transmission to the newborn (8). The presence of atypical cell 
structure, cellular debris and even acellular formations in milk of cow, goat and 
sheep is already unanimously accepted, most researchers indicate their higher 
frequency in goat milk (3). 

On the other hand, our results together with other researches into this field 
showing the restrictive nature of standards for assessing of mammary gland health 
based exclusively on the determination of milk somatic cell count (SCC). In this 
regard, relevant are the statistics registered in large herds of sheep, which 
established significant correlations between increasing of SCC and certain 
individual factors such as lactation period or number of lactations (2). 
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Conclusions 
 
Degreasing of sediment and dilution of colostrum has proved essentials 

procedures to ensure the relevance of cytomorphological examination of sheep 
milk. Milk cytograme configuration for healthy sheep was characterized by 
significant fluctuations during lactation, with predominance of macrophages in 
colostrum (45.65%) and lymphocytes in milk (36.27%). Comparative analysis of 
sheep colostrum and milk cytogram revealed higher proportions of active (40,47%) 
and hyperactive (18,25%) macrophages, cellular and canalicular epithelial cells 
(8.33%) and atypical cellular formations (++) in colostrum. The predominance of 
these cells reveals the increased capacity to "self-defense" at level of mammary 
gland at the beginning of lactation which is a very labile phase. 
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Summary  
 

Out of a total of 35 dog bodies of different ages, sexes and breeds, necropsied 
between October 2013-February 2016, 26 were diagnosed with pneumopathies (74,28%). 
From the 26 cases were taken samples in order to achieve histopathological preparations for 
the microscopic exam. 

In the cases taken into study, we have moprhopathologically identified 13 cases of 
inflammatory pneumopathies (50%). They were exteriorized through: three cases, – 
pulmonary inflammatory edema (serous bronchopneumonia) (23.07%), in two case, with 
cardiopulmonary heartworms – vermin bronchopneumonia (15.38%), in two cases-
lymphohistiocytic bronchopneumonia (15.38%), in one case - catarrhal bronchopneumonia 
with a chronic evolution (7.69%), in 5 cases - fibrinous bronchopneumonia(38,46%). 

The alteration of the respiratory function causes morpho-physiological disorders of 
other organic systems, especially of the cardiovascular or nervous system.  

Key words: morphopathologicall aspects, inflammatory pneumopathies, dog. 

 

 In mammals, including dogs, in most cases the inflammatory process 
includes both actual lung tissue (alveoli and septa Interalveolar) and 
intrapulmonary airways (bronchi and bronchioles) for which this process is referred 
to with the term bronchopneumonia (7,8,9). 

In dogs, the most common bronchopneumonias are: necrotic 
bronchopneumonia caused by Fusobacterium necrophorum, rarely other infectious 
agents; exudative necrotic bronchopneumonia with viral etiology (CAV-2, Canin 
Mastadenovirus, CAV-1, distemper virus) and bacterial (Bordetella bronchiseptica); 
catarrhal bronchopneumonia, with various etiology (infectious agents, physical, 
chemical), always with localization in the apical lobes, cardiac lobes and in the 
anterolateral third of the diaphragmatic lobes; hemorrhagic bronchopneumonia with 
infiltration in the interlobular spaces, is found in Pseudomonas infections spp., and 
Klebsiella spp.; fibrinous bronchopneumonia is reported in infections with the 
genera Pasteurella and Nocardia (Nocardia asteroides in dogs); suppurative 
infiltrative and aposteomatous bronchopneumonia (abscess) is generated by 
pyogenic germs; aspiration or inhalation gangrenous bronchopneumonia; 
lymphohistiocytic bronchopneumonia is produced by bacteria and viruses in 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 
 

 129 
 

combination with the phenomena of hypersensitivity; giant cell bronchopneumonia 
develops in lungs in both its forms, diffuse and focused, granulomatous 
bronchopneumonia caused by caused by germs, parasites and suction of oily 
substances; bronchopneumonia with hyaline membrane met usually at puppies, is 
a particular reaction of the lung tissue, and the path of chronicity and / or cure of 
pulmonary inflammatory processes is the fibrous or sclerosing bronchopneumonia 
(1, 2, 3, 6, 8, 10). 

Having these aspects in view, it is imperiously necessary to examine the 
respiratory apparatus, especially the lungs, in any pathological state of the 
organism. The alteration of the respiratory function causes morpho-physiological 
disorders of other organic systems, especially of the cardiovascular or nervous 
system.  
 

Materials and methods 
 

The research of the present study was conducted during the period 
October 2013-February 2016, through anatomopathological examination of lungs 
coming from 35 dog corpses of different ages, sexes and breeds, belonging to 
private owners, kennels or animal protection associations. The corpses were 
necropsied at the Veterinary Medicine Faculty in Timisoara, at Forensics. 

The bodies were places in dorsal position and then necropsied according 
to the technique used for this species. 

After a detailed examination of the lung, trachea and tracheobronchial 
lymph node, samples were taken for a histopathological exam. Subsequently, the 
pieces were prepared for the paraffin method. The obtained blocks were sectioned 
using a microtome at 6 micrometers and the sections were stained using the 
trichromatic method- hematoxylin eosin methylene blue (HEA) in order to enhance 
the modified structures. After staining, the sections were dehydrated and mounted 
in an anhydrous environment using Canada balm. 

The histopathological preparations thus obtained were examined and 
photographed using an Olympus CX41 microscope. 
 

Results and discussions 
 

Research regarding the pulmonary lesions was systemized intro 3 groups 
and presented in Table 1 and Fig. 1. 

Table 1 
Frequency pneumopathies in dogs necropsy 

Nr. 
Crt 

Necropsied 
dogs 

Pneumopathies 

 
1. 

 
35 

Non- 
inflamatory 

Inflammatory Tumors Total 
pneumopathies 

% 

 
13 

Alterative Exsudative Proliferative  
- 

 
26 

74.28% 

- 9 4 
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Fig. 1. Prevalence of pneumopathies in dogs 

 
In three cases, macroscopically, the lungs were enlarged, the pleura was 

tense, transparent, showing the dark red colour of the pulmonary parenchyma. On 
section, the same colour could be noticed as well as the presence of a foamy, dark 
red liquid. Docimasy reveals that the tissue “floats heavy” – pulmonary edema 
(serous bronchopneumonia) (Fig. 2.).  

Microscopically, in the interstitium of the pulmonary lobes, an oxyphile 
mass which represents the edema liquid is noticed. In the lumen of the alveoli and 
bronchi there are engulfed leukocytes in the edema liquid which is presented as a 
homogenous oxyphile mass. These morphological modifications define the 
inflammatory pulmonary edema in a histopathological plan (Fig.3). 

 

  
Fig. 2. Inflammatory lung edema: a red 

foamy liquid into the lumen of the 
trachea, bronchus and lung 

parenchyma. 

Fig. 3. Inflammatory pulmonary edema: 
presence of oxyphile edema liquid in the 

lumen of the alveoli and bronchi. 
 Col. HEA x 20. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 
 

 131 
 

In one case, with cardiopulmonary heartworms, microscopically we could 
enhance the presence of focuses of interstitial pneumonia, showing parasites in 
different evolution stages: eggs, larvae, adults. We could also notice fibromuscular 
hyperplasia of the alveoli, alveolar epithelialization ( pneumocytes change shape 
from flat to cubic), lymphoid perivascular and peribronchial hyperplasia, vicious 
alveolary pulmonary emphysema, thickening of the alveoli septa or traumatizing 
them because of larvae in migration, dystrophic calcification (Fig. 4). 

 

 
Fig. 4. Vermin bronchopneumonia (heartworm): larvae of Dirofilaria in the lung 

parenchyma. Col. HEA x40 
 

Microscopically, at the exam with rising objectives x10, x20, x40, we 
noticed the following: in one case, the alveolar capillaries and the bronchial lumen 
as well as in the interstitial blood vessels there were red blood cells and in the 
lumen of the alveoli and bronchi there was a serous or serro-hemorrhagic liquid-
aspect which defines the congestion phase of the fibrinous bronchopneumonia. In 
two cases, in the lumen of the alveoli, bronchi and perivascular, we noticed the 
presence of a fibrin network in the eyes of which there was a large number of red 
blood cells and few leukocytes- fibrin-hemorrhagic exudates. Next to these areas 
there were alveolar pulmonary emphysema areas and/or vesicular emphysema. 
These histopathological aspects define the red hepatisation phase of the fibrinous 
and/ or fibrin-hemorrhagic bronchopneumonia (Fig. 5, Fig.6); in two cases, we 
noticed the predominance of leukocytic exudate and the fibrin network was absent 
or in small quantity.  
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Fig. 5. Fibrin-hemorrhagic 

bronchopneumonia: presence of a 
fibrin-hemorrhagic exudates in the 

pulmonary alveoli and interstitium. Col. 
HEA x 20 

Fig. 6. Fibrin-hemorrhagic pleuro 
bronchopneumonia: fibrinonecrotic 

exudate on the lung surface, 
haemorrhagic exudates in the lumen of 

alveoli and leukocyte infiltration in septa. 
Col. HEA x 20 

 
Presence in high numbers of the leukocytes and the absence or small 

quantity of fibrin in the alveoli and bronchi signifies the presence of the grey 
hepatisation phase of the fibrinous bronchopneumonia. In all cases, in several 
microscopic fields, we noticed pulmonary lobes in which integer alveolar and 
bronchial epithelium was found in the lumen of the alveoli and bronchi- aspect 
which defines the resolution phase of the fibrinous bronchopneumonia. 

In two cases, macroscopically, the rib part of the cranial lobes, middle 
lobes and the anterior third of the diaphragm lobes was white-greyish on inspection 
and on section we saw the same colour and wet aspect, with positive floatation 
test-lymphohistiocytic bronchopneumonia. 

Microscopically, lymphohisticytic hyperplasia was enhanced in the alveolar 
septa, perivascular and peribronchial, which histopathologically define this type of 
bronchopneumonia (Fig 7).  

In one case, macroscopically, the lungs were enlarged in volume and 
weight, with transparent pleura, the cranial and middle lobes were grey on 
inspection, with a moist aspect and high consistency as well as a positive floatation 
test-catarrhal bronchopneumonia-chronic evolution (Fig.8). The microscopic exam 
of the histopathological preparations obtained from the pulmonary samples of red 
colour, show a predominantly neutrophil infiltrate in the alveolary walls, in the 
lumen of the alveoli, bronchi and perivascular. Desquamated pneumocytes were 
also present there, fallen into the alveoli and bronchial lumen, aspects that confirm 
the diagnosis of catarrhal bronchopneumonia with a chronic evolution (Fig. 9). 
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Fig. 7. Lymphohistiocytic bronchopneumonia: lymphohisticytic hyperplasia in the 

alveolar septa, perivascular and peribronchial. Col. HEA x20 
 

  
Fig. 8. Catarrhal bronchopneumonia: 

cardio-apical, bilateral, chronic evolution 
Fig. 9. Catarrhal bronchopneumonia: 

desquamation of the pneumocytes, and 
their fall in alveolar lumen. Col. HEA x 

40 
 

In 5 cases, we have noticed during macroscopic examination. The 
enlargement in volume and weight of the lungs, the presence of numerous grey-
reddish foci, of different nuances, diffusely scattered on both faces of the 
diaphragm lobes. On section, the affected areas had a dry aspect, high consistency 
and positive floatation test. These morphological modifications are characteristic for 
fibrinous bronchopneumonia (Fig. 10). 

The morphopathological forms of pneumonia identified in this paper 
correspond to the pneumopathies described in the consulted specialty literature (1, 
4, 5, 10). 
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Fig. 10. Fibrinous bronchopneumonia 

 
Conclusions 

 
The inflammatory pneumopathies, histologically, affect all pulmonary 

structures: alveoli, bronchi, trachea, intesrtitia , blood and lymphatic vessels.  
Out of a total of 35 necropsied dog bodies, 26 were diagnosed with 

pneumopathies which represents more than 75%. 
In the cases taken into study, we have moprhopathologically identified 

inflammatory pneumopathies, in 50% of cases. 
From the inflammatory pneumopathies encountered, the highest 

prevalence had the exudative inflammation type. 
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Summary  

 

The research was conducted during the period October 2013-February 2016 by 
carrying out the necropsic exam of 35 dog bodies of different ages, sexes and breeds. It was 
completed with a microscopic exam of the histopathological preparations which were 
obtained from heart samples coming from 23 cases which presented lesions. From the 23 
cases with lesions, 16 cases were diagnosed with uninflammatory cardiomyopathie 
(69,56%). The diagnosed cardiac lesions, of the cases taken into study were multiple and 
complex, they developed in the same time or successively in several structures 
(pericardium, myocardium and endocardium as well as in blood vessels). They were 
exteriorized through adaptive cardiomyopathies (volumetric) (12.5%), circulatory 
cardiomyopathies (18.75%), degenerative (62.5%) and tumors (6.25%).  

Volumetric cardiomyopathies were identified in two cases,expressed through right 
ventricular dilatation and right ventricular hypertrophy, cases which also presented canine 
heartworms. 

Circulatory cardiomyopathies identified in three cases, are externalized through 
subendocardium and subepicardic bruising and suffusions. 

Degenerative cardiomyopathies diagnosed in 10 cases, are the most numerous 
degenerative lesions, of which two cases were the lipid dystrophy and eight cases 
corresponded macroscopicaly to the protidic distrophy. 

 Key words: morphological changes, non-inflammatory, cardiomyopathies, dog . 

 

 All the structural components of the heart, pericardium, myocardium, 
endocardium and blood vessels may suffer tissular alterations during lifetime, 
translated through adaptive modifications, circulatory disorders, dystrophic 
processes, inflammations and tumors. The clinical manifestations may be different 
(1, 2, 4, 6, 7, 13). Some of these have the embryo-fetal development as a starting 
point-the so-called development anomalies while others are the consequence of 
harmful factors which act post-partum and begin as relatively simple modifications. 
They suffer amplification and complications in time. The most frequent adaptive 
modifications, in dogs, as signaled in specialty literature are: cardiac hypertrophy 
and cardiac dilation with harsh repercussion on health.(7, 8, 12) The circulatory 
disorders are expressed through congestions, hemorrhages, thrombosis and 
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infarction, produced by various biotic and a-biotic agents.(4,6,9,10,11) In what 
regards the non-inflammatory cardiomyopathies, we frequently see dystrophic 
processes, granular or granular-vacuolar myocardosis in most cases and 
myocardial steatosis in fewer cases. 

 

Materials and methods 
 

The research of the present study was conducted in the period October 
2013-February 2016, through an anatomopathological examination of hearts taken 
from 35 dog bodies of different ages, breeds and sexes, 23 cases presented 
cardiac lesions. The bodies came from private owners, kennels and animal shelters 
and they were necropsied and examined at the Forensics discipline in the Faculty 
of Veterinary Medicine.  

The bodies were put in dorsal position and then they were necropsied. 
After the external and internal examination of the bodies we performed the 
evisceration according to the specific technique (5). The evisceration of the heart 
was made by sectioning the sterno-pericardial ligament and the big vessels. This 
was followed by the macroscopical examination of the heart through inspection, 
palpation and sectioning in order to identify the physic-structural modifications of 
the heart 9 shape, size, colour, aspect, and shine, thickness of the pericardium, 
myocardium, and cavity ratio. 

After a detailed examination of the heart, 23 samples were taken from the 
bodies which presented cardiac lesions, from the: pericardium, myocardium, 
endocardium and pulmonary artery for the histopathological exam. The samples 
were processed using the paraffin technique; they were cut at 6 µm and stained 
using the HEA method in order to identify microscopic cardiac lesions. 

The histopathological preparations thus obtained were examined using a 
research microscope MC 5 A with ocularies of 10 and higher and the 
photographing was done using an Olympus CX41 microscope (acquired through 
POS CCE, DICES-MVT 2669-145). After the examination and interpretation of the 
histopathological preparations, microphotographs were taken to illustrate the most 
characteristic histological modifications. 
 

Results and discussions 
 

The results obtained in this study are presented in Table 1, Fig. 1 and Fig. 2. 
 

Table 1 
The frequency of non-inflammatory cardiomyopathies in necropsied dogs 

Necropsied 
dogs  

Total 
cardiomyopathies 
cases  

Non-inflammatory cardiomyopathies  
% 
 
 

Adaptive 
cardiomyopathies 
(volumetric) 

Circulatory 
cardiomyopathies 

Degenerative Tumors 

35 23 2 (12.5%) 3 (18.75%) 10 (62.5%) 1(6.25%) 69.56 
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Fig. 1. Graphical representation of non-

inflamatory cardiomyopathies  
Fig. 2. Graphical representation of 

cardiomyopathies prevalence 
 

Volumetric myocardiopathies were identified in two cases, expressed 
through right ventricular dilation and right ventricular hypertrophy in cases of canine 
heartworms (Fig. 3). In the ventricular dilation, the wall of the right ventricle is thin, 
soft and it flattens when we put it on the table (Fig. 4). On section, the myocardium 
is thinned, without tonus and the cavity of the right ventricle is very large with piles 
of parasites in it. The right cardiac hypertrophy is exteriorized through the 
enlargement of the heart through the increase if the myocardial mass due to the 
thickening of the muscular fibers. The heart is enlarged in volume and its 
consistency is high, elastic. On transversal sections we have noticed the thickening 
of the right ventricular wall accompanied by the decrease of the ventricular cavity. 
 

  
Fig. 3. Cardiac hypertrophy and 

presence of canine heartworms in 
cardiac cavities 

Fig. 4. Right heart dilatation 

 
The identified circulatory myocardiopathies were exteriorized through 

ecchymosis and sub-endocardium or sub-epicardium suffusions in three cases. 
They are the consequence of metabolic, toxic and infectious diseases. 
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The degenerative myocardiopathies present the most numerous lesions, 
diagnosed in ten cases from which two were lipid dystrophies and 8 
macroscopically corresponded to protein dystrophies. 

Myocardium steatosis or lipid myocardosis -Macroscopically it was 
expressed through a slight enlargement of the heart, grey-yellowish color on 
inspection and section, friable consistency (Fig. 5). Microscopically, empty 
vacuoles are enhanced in the cytoplasm of the myocardiocytes or in the interstitium 
(Fig. 6). The empty vacuoles represent the deposit place of lipids which were 
dissolved by organic solvents (benzene, toluene, xylene), used in the paraffin 
histopathological technique.  
 

  
Fig. 5. Myocardium steatosis Fig. 6. Myocardial steatosis: empty 

vacuoles in the cytoplasm of the 
myocardiocytes. Col. HEA x40 

 
The ethiopathogenesis of the steatosis is complex, the steatogenic factors 

interfere in the synthesis, utilization and abnormal mobilization of fats. The causes 
of steatosis are represented by: inanition, protein malnutrition, exaggerated intake 
of lipids through feeding, obesity, tissue hypoxia, action of various toxins, etc. 
Sometimes the accumulation of triglycerides in the parenchymal cells of various 
organs including the heart is produced because of the impossibility of the 
hepatocyte to synthetize specific proteins (apoprotein), useful to the creation of 
lypoproteins (form of elimination of the triglycerides from the cell). The reduced 
intake of amino-acids or the TPA deficiency are mechanisms which explain the 
deposit of lipids in the cardiac muscle cells (3,10, 12,14). 

Protein myocardosis is represented by granular degenerescence and it ws 
identified in 8 cases. Macroscopically, the heart is grey-white on inspection and 
section, dull, boiled meat aspect. These macroscopical aspects are almost the 
same for all protein dystrophies, regardless of their histological form (granular, 
vacuolar, amyloid, hyaline, etc). Microscopically, we can notice basophile 
granulations of different sizes and shapes which represent the accumulation of 
serum-albumins and sero-globulins in the mitochondria (Fig. 7). They give a dark 
aspect to the cytoplasm-granular myocardosis. The certain diagnosis of 
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degenerative myopathies is established only through microscopic exams. In most 
situations it is difficult to establish if the image caught on examination is a stage of 
aggravation or healing of the process, especially due to the fast evolution of the 
morphological events. It can be precisely said that the degenerative cardiac lesions 
are a continuation of circulatory disorders and they are an anterior step towards 
cellular death and toward the inflammatory process. 

Pathological forms of cardiomyopathies reported by us are also mentioned 
and recorded in the consulted literature mentioning that in most studies, the 
predominance of the volumetric changes and important dystrophic processes are 
found (1, 3, 7, 8, 10, 14). 
 

 
Fig. 7. Granular myocardosis: basophile granulations of different sizes and shapes 

in the mitochondria (hazy intumescent). Col. HEA x 20 
 

Conclusions 
 

From all studied cases, more than 60% presented heart lessions from wich 
aprominatively 70% were uninflammatory cardiomyopathie. 

The diagnosed cardiac lesions, of the cases taken into study were multiple 
and complex, exteriorized through adaptive cardiomyopathies (volumetric), 
circulatory cardiomyopathies, degenerative and tumors . 

From the non-inflammatory cardiomyopathies more frequent are the 
dystrophic processes which are being represented by lipid myocardosis and protein 
myocardosis. 

Granular myocardosis or granular-vacuolar is found in most cases, less 
myocardial steatosis 

Cardiac lesions may vary depending on age, sex, race or geographic area, 
observing however that diet and lifestyle has a major importance. 
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Summary  

 

Two separate, but related grass-fed beef production projects were conducted at the 
University of Wisconsin – River Falls during 2009 and 2010. In 2009, the cattle (born spring 
of 2008) were overwintered using a corn silage ration. In 2010, the grass-fed treatment 
group (born spring of 2009) were overwintered on alfalfa haylage, so this group never 
received any grain during their entire lifetime. In other respects the two trials were similar. In 
each year the cattle were randomly assigned to either a feedlot group (F) and fed 
conventional grain-based growing and finishing rations or a pasture group (P) which was 
rotationally grazed from early spring until market. Cattle from both groups were weighed 
monthly and monitored with real-time ultrasound scans for backfat thickness and marbling. 
When cattle reached a minimum of 9.0 mm fat thickness and individual weights appropriate 
for their frame score, they were harvested. Rate of gain for P cattle was slower (P < 0.001) 
than for F cattle (0.94 kg/day vs. 1.31 kg/day in 2009 and 0.98 kg/day vs. 1.38 kg/day in 
2010). P cattle had less fat cover (P < 0.001) at market than F cattle (7.4 mm vs. 15.0 mm in 
2009 and 9.7 mm vs. 14.2 mm in 2010). There was no difference between groups for 
marbling score or percent in USDA Choice in 2009. In 2010, P cattle had lower marbling 
scores (P = 0.011) than F cattle (451 vs. 553) but there was no difference in percent 
attaining USDA Choice. All P cattle attained market weight in less than 20 months of age. 
Implications are that grass-fed cattle can attain growth rate and carcass merit adequate for 
producing young tender beef with high likelihood of consumer acceptance. 

Key words: beef, feed, grass, backfat thickness marbling 

  
Among the many challenges of the beef industry faces are negative public 

perceptions regarding the efficiency and sustainability of beef cattle production. 
Beef cattle are excellent converters of human-inedible feed (forages) into human-
edible food (beef), but often the public focuses on the feedlot finishing production 
phase and see cattle as relatively inefficient converters of grain into meat. This of 
course, is not really true as even feedlot finished cattle obtain only about 15-25% of 
their total lifetime nutrient intake from grains (4), but none-the-less the public 
perception continues.  

One method for ameliorating that perception is through the production of 
grass-finished beef where animals either receive very little grain or no grain during 
their lifetime. Unfortunately, grassfed beef is often of inferior quality (2, 8) and much 
of the consuming public perceives that to be the case. The objective of this 
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research trial was to determine if high quality beef can be produced using a grass-
based diet and if those animals can achieve typical market weights by a reasonable 
age that is comparable or competitive with feedlot cattle. 

 
Materials and methods 

 
The experiment consisted of two trials performed in 2009 and 2010. There 

was one important difference between the two trials, that being that in 2010 the 
pasture treatment cattle group never received any grain during its entire lifetime. 
The 2009 protocol is described first and the 2010 protocol is described second. 

 
Protocol 2009: 
Experimental Animals: The 2009 trial utilized 37 steers consisting of 20 

BueLingo steers sired by 5 different bulls within the breed, and 17 steers from the 
University of Wisconsin – River Falls (UWRF) teaching herd. The UWRF cattle 
consisted of 4 purebred Polled Herefords and 13 crossbred steers from either ½ 
Angus- ½ Hereford or ¾ Angus- ¼ Hereford cows. Seven of the crossbreds were 
Simmental sired and the remaining 6 were Angus sired. All steers of all breeds 
were April/May born calves from 2008. One of the UWRF steers became severely 
lame in mid-July and was removed from the trial. None of the data contain 
measurements from that steer.  

Winter Management: The BueLingo steers were weaned in November of 
2008, selected, comingled and shipped to a custom feedlot in SW Wisconsin. They 
were grown on a total mixed ration formulated with a 50:50 blend of alfalfa silage 
and corn silage including a vitamin/mineral premix with monensin. In addition 2.25 
kg high moisture shelled corn and 0.45 kg soybean meal per head per day was 
added to the mix. The cattle were also offered free choice low quality dry hay 
throughout. The BueLingo steers were shipped to the UWRF feeding facility on 
March 31, 2009. Upon arrival, the steers were weighed and assigned to two 
treatment groups, feedlot fed and pasture fed. The feedlot group was continued on 
the growing ration and the pasture group was switched during the period of the 
following week to a ration consisting of alfalfa silage and trace mineral salt. 

The UWRF steers were weaned in November and grown over winter on a 
ration nearly identical to that received by the BueLingo steers. On March 31, 2009 
they were randomly assigned to the two treatments groups, 8 for the feedlot group 
and 9 for the pasture group. The pasture steers were then switched to the alfalfa 
silage ration over the period of the subsequent week.  

 
Nutritional Management of the Treatment Groups: On May 18 all steers 

were weighed for 2 consecutive days. Weights were always measured in the 
morning between 8:00 and 10:00. The mean weight of the two days was 
considered the start weight for each steer. At this time the feedlot group’s ration 
began to gradually increase in grain content until they were receiving a mix of 
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80:20 corn grain:corn silage (DM basis) plus minerals and vitamins to meet NRC 
requirements.  

The pasture group was moved onto pasture on May 19 and received only 
grass and legumes obtained by grazing, along with trace mineral salt blocks. The 
pasture paddocks consisted of mixed strips of a variety of grasses and legumes 
including orchardgrass (Dactylis glomerata), festulolium (Festulolium sp), novel-
endophyte tall fescue (Schedonorus arundinaceus), meadow fescue (Schedonorus 
pratensis), bromegrass (Bromus inermis), meadow bromegrass (Bromus riparius), 
perennial ryegrass (Lolium perenne), red clover (Trifolium pretense), white clover 
(Trifolium repens), and alfalfa (Medicago sativa). Each paddock was approximately 
2 ha and was subdivided into breaks of 0.5 ha. Initially the steers were allowed 
access to a new break every second day. Breaks were back-fenced so that animals 
could not re-graze previous areas. On August 20, the frequency of access to new 
breaks was increased to every-day moves. This was done in response to low gains 
during this period and the observation that the cattle would consume the grass in 
their break during the first day of access and then back off from consumption on 
the second day when the remaining forage was largely legume. Daily moves 
allowed them access to an abundant supply of grass without the necessity of 
consuming significant legume.  

During the entire grazing season, the paddocks were further grazed by a 
herd of Holstein replacement heifers following removal of the steers. The heifer 
group was rotated as dictated by grass height and occasionally the size of the 
heifer group was modified so as to keep its grazing schedule comparable to that of 
the steers while maintaining proper grass management. All paddocks had a water 
supply and adequate riser placement to allow positioning of a water tank with a 
high volume float into each break. 

The pasture paddocks ceased to produce adequate forage in the fall and 
so on October 5, 2009 the pasture steers were moved to a feedlot housing area 
and finished until slaughter on a ration of alfalfa silage and trace mineral salt. 

Cattle Harvest Protocol: All steers were weighed approximately every 32 
days and scanned with real time ultrasound. When individuals reached proper 
market weight for their frame size (7) and a minimum of 8 mm of backfat at the 
12/13 rib, they were scheduled for harvest. Seven of the feedlot steers and 7 of the 
pasture steers were slaughtered at the UWRF Meat Laboratory. The remainder of 
the feedlot steers and 4 of the pasture steers were slaughtered at a commercial 
plant in Minnesota. The last group of pasture steers was slaughtered at a small 
locker plant in Wisconsin. Typical carcass data was collected on all animals 
including carcass weight, backfat, loin muscle area, and marbling score. Marbling 
scores were expressed numerically with Sl

00
 = 300, Sm

00
 = 400, etc. USDA quality 

and yield grades were calculated.  
Dressing percent was not calculated as live weights immediately prior to 

shipment were not obtained. Harvest live weights were projected using the most 
recent live weight and average daily gain. 
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Data Analysis: Initial and final weight differences between groups, average 
daily gain (ADG) for various periods and overall, days to market, carcass weight, 
backfat, loin muscle area, yield grade and marbling score were analyzed using two-
sample t tests. Difference in percent of carcasses reaching minimum Choice was 
evaluated using binomial procedures. A probability (P) <0.05 was considered 
significant and 0.05 < P < 0.10 was considered a trend for all tests.  

 
Protocol 2010: 
Experimental Animals: The animals utilized in 2010 were all produced 

within the UWRF beef cow herd and consisted of 24 Angus crossbred steers born 
in April/May of 2009 and weaned on 01/12/2009. At weaning animals were 
randomly assigned to treatment groups, 13 head to the feedlot group and 12 to the 
pasture group. One of the pasture group steers developed significant health 
concerns as was removed from the trial, leaving 13 in the feedlot group and 11 in 
the pasture group. 

Winter Management: Winter management of the feedlot group was the 
same as described above for the 2009 trial. The pasture group was housed in the 
UWRF feeding facility, but its diet consisted of alfalfa silage only, supplemented 
with ad lib trace mineral salt. Since creep feeding is not practiced in the UWRF 
herd and since the cow/calf herd was maintained on pasture and grass hay up until 
weaning, this treatment group never received any grain which would make them 
eligible for the USDA Agriculture Marketing Service Grassfed designation. Table 1 
presents a partial nutrient analysis of the alfalfa silage used for this group. 

 
Table 1 

Partial nutrient analysis of alfalfa silage used for 2010 pasture group winter 
feed  

Item Value 

Dry Matter (%) 43.69 

Crude Protein (% of DM) 22.34 

Acid Detergent Fiber (% of DM) 32.54 

Neutral Detergent Fiber (% of DM) 41.76 

Net Energy Gain (Kcal/kg) 817 

 
Nutritional Management of Treatment Groups During Grazing Season: 

The feedlot group was managed in a manner identical to that described above for 
the 2009 trial. The pasture group began grazing on 29/04/2010 and was rotationally 
grazed in a manner identical to the latter portion of the 2009 trial, with daily moves 
to new breaks. The 2010 cattle utilized the same group of paddocks as used in 
2009. Since all animals in the pasture group reached market weight prior to the end 
of the grazing season, animals were grazed until marketed. 

Cattle Harvest Protocol: The protocol used was identical to that of 2009. 
Carcass data collection was also identical to that of 2009, except that in 2010, 
steers were weighed at the farm prior to delivery to the abattoir. Cattle were 
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slaughtered either at a commercial plant in Minnesota or a small Wisconsin locker 
plant. 

Data Analysis: Analysis was performed in an equivalent manner as in 
2009. Results from the two years are not combined due to the significant 
differences in winter diet for the pasture groups. 
 

Results and discussions 
 
Growth Performance: Table 2 presents the 2009 growth performance of 

the two treatment groups. There was no difference in mean weight between the two 
treatments groups at receiving time when the groups were comprised on 
31/03/2009 (receiving weight in Table 2). By 49 days later (19/05/2009), however, 
the pasture group which had been grown with an alfalfa silage ration during this 
period had dropped back in weight gain such that they were significantly lighter 
(397 kg. vs. 430 kg, P = 0.036) at time of turnout to pasture (start weight in Table 
2). The protocol for determining harvest timing for each animal should have 
minimized weight differences and indeed, there was no difference in harvest weight 
between the two groups. The feedlot group had significantly greater average daily 
gain (1.31 vs. 0.94 kg/day, P < 0.001) during their finishing period and significantly 
fewer days to slaughter (119 vs. 187 days, P < 0.001) 

 
Table 2  

2009 Growth parameters for feedlot vs. pasture finishing treatments. 
Harvest weights represent the last monthly weight projected to harvest 

date using the most recent ADG 
Item  Feedlot SEM Pasture SEM P 

N 18  18   

Receiving Weight (kg.)  370 9.95 374 11.23 0.783 

Start Weight, (kg.)  430 10.68 397 10.72 0.036 

Harvest Weight (kg.) 557 11.32 557 10.5 0.987 

Average Daily Gain (kg.)  1.31 0.055 0.94 0.032 <0.001 

Days From Start Wt. to Slaughter  119 4.7 187 5.6 <0.001 

 

Figure 1 illustrates the weights of the two treatment groups throughout the 
duration of the trial. Note that the pasture group, while beginning the trial at a 
lighter average weight, maintained a growth rate similar to the feedlot group during 
much of the finishing period. This is particularly noticeable during the first 30 days 
and during the period from 20/08 to completion of the trial. The pasture group lost 
substantial ground during the months of July and August. It was after the 8/20 
weigh date that the grazing management was changed to daily moves. 
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Fig. 1. Thirty-day weights for the duration of the finishing period of feedlot-fed 

steers vs. pasture-fed steers. Error bars represent SEM and n = 18 except where 
noted. 

 
Table 3 presents the growth data from the 2010 trial. There was no 

statistical difference in weight between the groups at weaning or at pasture turnout 
although the pasture group which was maintained on an alfalfa silage diet 
throughout the winter had a slightly numerically lower weight. The harvest protocol 
should have precluded weight differences at harvest, and indeed, that was the 
case. Overall ADG was significantly lower for the pasture group (0.98 kg/day vs. 
1.38 kg/day for the feedlot group, P < 0.001) and correspondingly, days to 
slaughter was significantly longer for the pasture group (314 days vs. 223 days for 
the feedlot group, P < 0.001). 

Figure 2 illustrates the cumulative weight of the two groups over the entire 
time period from weaning until the cattle were all marketed. The drop in 
accumulated weight for the feedlot steers between 01/06/10 and 01/07/10 is 
attributable to marketing of 6 of the 13 animals following the 01/06/10 weigh date. It 
is also noteworthy that the pasture group, while on alfalfa silage (from 01/12/09 to 
approximately 01/05/10) gained nearly as well as the feedlot group. 
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Figure 3 offers a different perspective of the same data by illustrating the 

ADG for Winter, Summer and Overall. During all three periods, feedlot steers had a 
significantly higher ADG (P < 0.01) than did the pasture group. 

 

 
Fig. 2: Time course of weight for pasture vs. feedlot steers. Error bars represent 
SEM. N = 11 for pasture until 01/08 at which marketing began, and 13 for feedlot 

until 01/06 at which point the first feedlot steers were marketed. 
 
 
 

Table 3  
2010 Growth parameters for feedlot vs. pasture finishing treatments. 

Item  Feedlot SEM Pasture SEM P 

N 13  11   

Weaning Weight (kg) 
(01/12/2009) 

261 14.32 267 13.84 0.760 

Pasture Turnout (kg) 
(26/04/2010) 

461 16.51 439 14.55 0.176 

End Weight (kg) 
(Various dates) 

573 11.72 581 14.41 0.316 

Average Daily Gain (kg) 1.38 0.05 0.98 0.03 <0.001 

Days to Slaughter 223 14.1 314 9.4 <0.001 
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Fig. 3: 2010 Summary of ADG performance broken out by Winter gain during which 

feedlot group received a typical growing ration and pasture group alfalfa silage; 
Summer during which feedlot group received a typical high grain finishing ration 
and pasture group was rotationally grazed; Overall is the summary ADG for the 

entire grow/finish period. Error bars represent SEM 
 
Carcass Performance: Table 4 presents the carcass parameters for the 

2009 trial. Carcass weight was not different between feedlot and pasture-fed cattle. 
Backfat in pasture finished steers was significantly lower than that of feedlot-fed 
steers (7.4 vs.15.0 mm, P < 0.001). There was no difference in loin muscle area. 
As would be expected due to backfat differences, pasture steers had a significantly 
more desirable yield grade (2.59 vs. 3.59, P < 0.001) than feedlot steers. While 
there were numerical advantages for feedlot steers in both marbling degree and 
percent of carcasses reaching at least minimum Choice, there was no statistical 
difference between the groups for either measure of quality achievement. 

Table 5 presents the carcass parameters for the 2010 trial. Once again, 
pasture finished steers had less backfat (9.7 mm vs. 14.2 mm for feedlot steers, P 
= 0.001) and numerically more desirable yield grades although not statistically 
different (P = 0.096). While feedlot steers had a statistical advantage in numeric 
marbling score (553 vs. 451 for pasture steers, P = 0.011) there was no difference 
in the percentage attaining minimum USDA Choice (feedlot 85% vs. pasture 82%, 
P = 0.767). 
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The trials from both years, as well as data from previously published work 

(1,5,8), clearly illustrate that growth performance for pasture finished steers is not 
as good as that for feedlot finished steers. This of course, is to be expected as the 
feedlot steers are consuming a diet with a considerably higher energy density and 
should respond with faster growth. The slower growth for pasture finished steers 
may not be of consequence if two goals can be met: 1) pasture finished animals 
reach normal market weights prior to the end of the grazing season, and 2) carcass 
merit of the pasture finished cattle at that time is acceptable. Both these trials 
illustrate that these goals can be met. In both trials, the pasture cattle attained 
finished weights equivalent of the feedlot cattle (which due to the harvest protocol, 
was “guaranteed” so to speak) and did so within the confines of the grazing 
season. During the 2009 trial, the fall weather was dry and thus grazing ended 
about one month earlier than is normal for northern Wisconsin and some of those 
cattle required some stored forage to reach finished weight. During the 2010 trial, 
fall grass growth was excellent and those cattle easily reached finished weight by 
the end of the grazing season.  

The data from both trials also substantiate that aggressive grazing 
management where the finishing cattle merely “top-graze” will enhance growth and 

Table 4  
2009 comparison of carcass measures for feedlot finished vs. pasture 

finished steers. 
Item Feedlot SEM Pasture SEM P 

N 18  18   

Carcass Weight (kg) 361 6.95 344 7.86 0.103 

Backfat (mm) 15.0 0.48 7.4 0.46 <0.001 

Ribeye Area (cm
2
) 82.6 1.74 80.6 2.45 0.545 

Yield Grade 3.59 0.099 2.59 0.107 <0.001 

Marbling (400 = Sm
00

) 484 115 471 21 0.351 

Percent Choice 100.0  77.8  0.132 

Table 5  
2010 comparison of carcass measures for feedlot finished steers vs. 

pasture finished steers 

Item Feedlot SEM Pasture SEM P 

N 13  11   

Carcass Weight (kg) 345 7.35 341 9.10 0.360 

Backfat (mm) 14.2 0.94 9.7 0.99 0.001 

Ribeye Area (cm
2
) 84.5 2.97 79.4 3.10 0.118 

Yield Grade 3.26 0.211 2.89 0.166 0.096 

Marbling (400 = Small
00

) 553 32 451 25 0.011 

% >Choice 85  82  0.767 
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facilitate reaching market weight by the end of the season. Therefore, the data 
illustrate that goal 1 can be met. 

The carcass data from both trials also illustrate that goal 2 can be met. In 
both cases, the pasture cattle attained minimum USDA Choice at a statistically 
equivalent percentage as the feedlot cattle. Pasture cattle had the added 
advantage of more desirable yield grades and therefore a greater percentage of 
saleable retail cuts than did the feedlot cattle. It should be noted that the oldest 
steer at market from the 2010 pasture group was just under 18 months of age. 
Certainly if pasture fed cattle can reach market at that age or younger, they should 
produce a very desirable product from a tenderness perspective. Indeed other 
investigations have shown pasture fed beef to be equal to, or more tender than 
feedlot produced beef (5,6), although this may be dependent on the choice of retail 
cut to evaluate (8). Furthermore, if these cattle are sufficiently marbled to reach 
Choice or better, they should have a desirable flavor and juiciness profile as well 
(9,10,11).  

Much of the pasture finished beef marketed in the Midwest region of USA 
is of inferior quality. Often the carcasses are light weight with very little fat cover or 
marbling (personal observations of the authors). While there is a customer base for 
that type of beef, it is quite small. By improving management of pasture finished 
cattle, producers would have the opportunity to expand their market base to 
customers desiring what they perceive to be a more environmentally sustainable 
management system, but who still prefer the eating characteristics typical of grain 
finished beef.  

There are three management areas where many grass-based producers 
fail to apply best practices.  

The first of these is not utilizing modern beef genetics (3) and taking 
advantage of the rapid pre-weaning gain and heavy fall weaning weights these 
cattle allow, in addition to the rapid post-weaning gain. Even though gain on 
pasture is slower, genetically superior cattle for ADG will also gain better on 
pasture than will inferior cattle.  

The second management issue is failure to push cattle during the winter or 
non-grazing seasons. Calves weaned in the fall and destined for a grassfed market 
must be fed aggressively with high quality forage during the winter. The 2010 trial 
illustrates that very desirable winter gains can be achieved with alfalfa silage such 
that calves are heavy enough at the onset of the grazing season that they can 
indeed reach market weight during that season.  

The third management concern is that an aggressive grazing protocol must 
be implemented which allows the finishing cattle to have continuous access to the 
best pasture and then using the cow/calf herd to complete the grazing of that 
pasture. This will maximize feed intake by the finishing cattle and allow them to 
achieve maximum ADG with a grass-only based diet. 
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Conclusions  
 
With effective management and using cattle with modern genetics, 100% 

forage finished cattle can be an efficient way to produce high quality beef. 
This should allow producers in areas with land that is marginal for row crop 

production to market highly desirable beef and expand their customer base beyond 
the traditionally small clientele that favors grass-fed beef for social reasons.  

Therefore, this type of land can likely generate an excellent return to the 
producer in a very sustainable way. 
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Summary  

 

Residual Feed Intake (RFI) is a measure of feed efficiency that is independent of 
animal production measures such as average daily gain and mature size. Because of this it 
is an excellent tool for selection for improved feed efficiency without inadvertent selection for 
larger mature weight (leading to inefficient female line production, and slaughter animal 
carcass weights greater than desired by the packing industry) which is one of the major 
disadvantages of using historical measures of feed efficiency such as kg feed/kg gain or kg 
gain/kg feed. RFI data from a pilot project conducted with bulls in the 2012-2013 St. Croix 
Valley Bull Test at the University of Wisconsin – River Falls along with a review of the 
analytical techniques for determining RFI and implications for its use will be presented. 
Preliminary results from this trial generated a significant relationship (P = 1.01 x 10

-10
) when 

daily dry matter intake was regressed onto average daily gain and metabolic body weight (R
2
 

= 0.696). Of course, it is the residuals from this regression that indicate which bulls are more 
or less feed efficient—those with negative residuals (lower feed intake than predicted) being 
more efficient than the mean, and those with positive residuals (higher feed intake than 
predicted) being less efficient than the mean. 

Key words: residual feed intake (RFI) 

 
Efficiency of feed utilization by livestock is a very important production 

measure that has only recently become a focus of significant research activity. As 
such, there is now considerable interest in developing systems for effective 
selection for efficiency in breeding programs. As highly selected and productive 
animals begin to perhaps reach the physiological limits of growth performance, 
selection for feed utilization efficiency offers the opportunity to continue to 
effectively meet the challenge of maintaining or increasing production while 
decreasing the inputs required for that production. Beef cattle in particular, require 
a substantial quantity of feed per unit of body weight gain. Beef production would 
benefit immensely from efficiency improvements. 

 For example, Fox, et al. (2001) estimated that a 10% improvement in 
Average Daily Gain (ADG) would improve (decrease) Feed: Gain (F:G) by 2.7% 
and decrease cost of gain by 4.0%; however, a 10% increase in feed efficiency 
would reduce F:G by 10% and cost of gain by 10% with no decrease in ADG. 
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Others have estimated that a 1% improvement in feed efficiency has the same 
economic impact as a 3% increase in rate of gain (Feed efficiency factsheet 
SP421A). 

With the development of genomic evaluations of livestock, the real 
possibility exists for developing selection systems for feed efficiency that require 
minimum effort on the part of producers. However, first researchers must identify 
populations of efficient animals and gene markers associated with that efficiency 
that can be used in genomic evaluations. Recent technological advances for 
measuring individual animal intakes such as the “GrowSafe” automated feeding 
system (and others) allow for much easier determination of the daily dry matter 
intake (DMI) of individual animals and therefore identification of efficient 
populations.  

One of the concerns that has arisen is how to measure efficiency. 
Traditional measures such as feed efficiency (F:G) or gain efficiency (Gain:Feed or 
G:F) present inherent problems. The most concerning of these is that G:F is highly 
correlated to ADG and mature body weight (1;6) and selection for it will lead to 
larger animals (perhaps too large for desirable slaughter weights) and higher feed 
requirements for cow herd production due to increased cow size. It has been 
shown however, that measuring efficiency using the “Residual Feed Intake” (RFI) 
approach largely negates these concerns. RFI is not correlated to growth rate or 
mature size (1;2;4;6) and therefore allows for selection of improved efficiency 
independently of growth rate or mature size. The USA National Beef Cattle 
Evaluation Consortium estimates that a 0.9 kg improvement in RFI would save the 
U.S. beef industry one billion dollars in feed cost each year. Nkrumah et al. (2006) 
furthermore report that efficient animals, as determined by RFI, have reduced 
methane emissions compared to less efficient animals. RFI heritability estimates 
have covered a wide range, but most are between 0.20 and 0.45 (6;2) indicating a 
moderate heritability that should allow for fairly rapid improvement through 
selection. 

There is currently a large research project underway in the United States to 
identify efficient populations of cattle in eight different breeds through RFI trials and 
to correlate those with genomic analysis of all the research animals. This project is 
funded by the United States Department of Agriculture (USDA) and involves 
researchers from eight different universities, two USDA research stations and nine 
private companies or organizations. The objective of this report is to outline the 
contribution made to that project by the Saint Croix Valley Bull Test Association 
(SCVBT) conducted at the University of Wisconsin – River Falls (UWRF). A 
secondary objective is to explain and illustrate the methodology for calculating RFI. 

 
Materials and methods 

 
Animals: During the 2012-2013 bull test, 40 bulls, of which 37 were black 

Angus (the remaining three animals were registered Normande bulls), were 
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assigned to one of three pens based on body weight. Each pen was equipped with 
12 to 15 Calan Gate radio frequency controlled devices that allow each animal 
access to only one specific feed compartment. Animals were consigned by private 
breeders in western Wisconsin, USA, and represented a cross-section of Angus 
breeding stock from that region of the country. All Angus animals were purebred 
and registered with the American Angus Association. Animals were allowed 30 
days of acclimation to the pens and for training to the gates. Animals were weighed 
on two successive days at the onset of the test and the average weight used as 
initial test weight. Thereafter animals were weighed every 28 days and again on 
two consecutive days to determine average end weight at the completion of the 
test.  

Feed Intake: For each day over an 80 day feeding period, individual 
animals were allotted an amount of feed based on their previous day’s 
consumption, such that animals always had some remaining feed 24 hours later. 
Feed was the standard bull test total mixed ration (TMR) which is comprised of 
approximately 40:60 grain:forage with all necessary vitamin and mineral 
supplementation. Table 1 presents the base nutrient analysis of the ration. 
Unconsumed feed was weighed each morning and fresh feed weighed and 
delivered to each feeding compartment. The TMR was sampled daily for dry matter 
analysis as well as for periodic nutrient analysis.  

 
Table 1 

Nutrient Composition of Bull Test Diet 

Dry Matter %: 46.62 
Nutrients as %DM: 

Crude Protein: 14.91 

Acid Detergent Fiber: 19.80 

Neutral Detergent Fiber: 28.70 

Fat: 4.68 

Ash: 6.87 

Non-Fiber Carbohydrate: 47.22 

Total Digestible Nutrients: 73.73 

NEG (Mcal/kg): 1.16 

NEM (Mcal/kg): 1.79 

 

Genomic Analysis: Tissue samples (hair) from each animal were 
submitted to Zoetis, Inc. for genomic analysis. Those results along with the RFI 
values from each animal were submitted to the National Beef Cattle Evaluation 
Consortium for inclusion in the national database. 

Residual Feed Intake: Total DMI and average daily DMI over the entire 
period was calculated for each animal. Each animal’s average body weight over the 
period of the test was also calculated as the mean of the ending and beginning 
weights. Each animal’s ADG was calculated by subtracting initial weight from final 
weight and dividing by days on feed (8). A regression equation with DMI as the 
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dependent variable and ADG and metabolic body weight (MBW) ([average test 
weight]

0.75
) as the two independent variables was determined using Microsoft 

Excel. The regression residual was calculated for each animal—this then is RFI. 
Animals with positive residuals (intake above the predicted quantity based on the 
regression) consume more feed than their ADG and MBW would indicate and are 
therefore less efficient. Animals with negative residuals (intake below the predicted 
quantity) consume less feed than their ADG and MBW would indicate and are 
therefore more efficient. 
 

Results and discussions 
 

Illustration of RFI calculations: Table 2 presents the regression analysis 
from average daily DMI for each animal regressed onto its ADG and MBW. Note 
that ADG and MBW account for about 70% (Adj. R

2
 =0.697) (highlighted) of the 

variability in DMI. The assumption of RFI analysis is that a significant portion of the 
remaining 30% of variability that is unaccounted for by ADG and MBW is due to 
differences in efficiency of feed utilization.  
 

Table 2 
Regression of DMI onto ADG and MBW 

Also note that the coefficients for ADG and MBW are highly significant with 
P values <0.01 in both instances. 

 
It is also interesting to observe graphic representations of RFI. The actual plot 

would be three dimensional, but it is still possible to visualize the effects of ADG and 
MBW on DMI with two separate two-dimensional graphs. These are illustrated below 
(Fig. 1 & 2). In either plot, each individual animal’s RFI is represented by the vertical 

Regression Statistics 

Multiple R 0.844474754 
   R Square 0.71313761 
   Adjusted R Square 0.697631535 
   Standard Error 0.653712154 
   Observations 40 
        

ANOVA df SS MS F 

Regression 2 39.30742304 19.65371152 45.9908522 

Residual 37 15.81156449 0.427339581 
 Total 39 55.11898753     

     

  Coefficients Standard Error t Stat P-value 

Intercept -1.003164615 1.362614671 -0.736205647 0.46624773 

ADG 1.31049587 0.401884784 3.260874565 0.00238871 

MBW 0.095325227 0.014237485 6.695369993 7.242E-08 
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distance between its actual DMI and its predicted DMI (represented by the linear 
regression trendline). All animals whose DMI point is above the regression line are less 
efficient and those below are more efficient than average. 

 

 
Fig. 1: Daily Dry Matter Intake plotted as a function of Average Daily Gain 

 

 
Fig. 2: Daily Dry Matter Intake plotted as a function of Metabolic Body Weight 

 
The really interesting facet of RFI analysis, however, is to look at the 

residual feed intake from each individual animal. Table 3 lists the residuals for each 
of the 40 bulls in this trial ranked in order from the smallest (most negative) residual 
(most efficient animal) to the largest residual (least efficient animal).  
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All the animals (22 bulls in this case) with negative residuals are listed on 

the left half of the table and represent animals that are more efficient than the 
average of the group. All those listed on the right half of the table have positive 
residuals and represent animals that are less efficient than the average of the 
group. The most efficient animal (No. 11) consumed 2.832 Kg less feed per day 
than did the least efficient animal (No. 21). The ADG difference between these two 
animals was only 0.06 Kg with 21 having the slightly higher value. 

 
A valid question then is, how does performance differ between the low RFI 

group and the high RFI group? Independent Student’s t-test analyses are 
presented in Table 4.  
 

Table 3  
Listing of Bulls Ranked by RFI 

Observation 
Predicted 
Daily DMI 

Residuals Observation 
Predicted 
Daily DMI 

Residuals 

11 11.898 -1.723 25 11.427 0.286 

3 12.178 -1.034 29 11.111 0.309 

9 11.233 -0.853 23 12.112 0.325 

26 10.931 -0.839 28 12.021 0.367 

38 10.201 -0.767 14 12.532 0.382 

19 12.233 -0.735 12 11.702 0.395 

1 12.530 -0.589 10 11.455 0.466 

24 12.253 -0.515 36 9.332 0.510 

31 11.313 -0.436 18 13.592 0.563 

16 11.236 -0.402 13 11.213 0.581 

5 11.663 -0.393 37 10.522 0.608 

33 10.943 -0.382 39 9.849 0.618 

35 11.433 -0.349 4 13.461 0.667 

40 10.579 -0.344 34 9.365 0.750 

30 11.461 -0.280 17 14.090 0.839 
6 12.413 -0.271 20 11.960 0.914 

15 11.012 -0.184 27 10.816 1.024 

7 11.283 -0.177 21 11.414 1.109 

8 11.200 -0.164    

32 10.480 -0.141    

22 11.797 -0.132    

2 12.013 -0.005    
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There were no statistical differences in ADG or MBW between the two 

groups. Low RFI animals perform as well as high RFI animals. There is however, a 
very significant statistical difference in DMI between the two groups. It can 
therefore be safely assumed that low RFI animals are indeed more efficient as their 
performance is the same, but substantially less feed resource was needed to 
obtain that performance. These results are in agreement with previously reported 
data (1;2;6). 

 
Genomic Evaluation as a Means of Improving Feed Efficiency: 
The ultimate goal of the USA National RFI Project is to identify gene 

markers from DNA microarrays (SNP Chips) and from whole genome analysis that 
are highly correlated with improved feed efficiency. Ultimately, approximately 8000 
individual animals will be tested for RFI to identify populations of feed efficient 
animals. All of these individuals will also have tissue samples analyzed either by 
SNP Chip or whole genome analysis. Once gene markers are identified, selection 
for feed efficiency in breeding programs becomes relatively inexpensive and very 
feasible for average cattle breeders. Breeders need only have genetic analysis 
performed for their potential seedstock replacements in order to make selection 
decisions for feed efficiency.  

RFI determinations for individual animals will only need to be run 
occasionally by research groups to continue validation of the gene markers. The 
American Angus Association is already publishing Genomic-Enhanced Expected 
Progeny Differences (GE-EPD) for multiple traits including a trait related to RFI 
(actually the inverse of RFI) called Residual Average Daily Gain. As the objectives 
of the National RFI Project are completed, the accuracy of these types of genetic 
evaluations will increase and more breeds will be able to develop them. Similar 
work is being performed in Europe (5) and when combined with data from USA, 
Canada and Australia should provide a solid base of genomic information for feed 
efficiency. There will still be a significant need for conducting future RFI trials to 
validate gene markers for the various breeds and within-breed cattle populations in 
the Americas, Europe and around the world. 

 
 
 
 

Table 4  
Feed Intake and Growth Comparisons Between Low and High RFI groups 

Item 
Mean Values (SEM) (Kg) 

P 
Low RFI High RFI 

ADG 1.85 (0.06) 1.84 (0.07) 0.475 

MBW 105.4 (1.02) 106.4 (2.63) 0.364 

DMI 10.98 (0.15) 12.15 (0.32) 0.001 
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Conclusions 
 

Residual Feed Intake, as a measure of feed efficiency, has some 
significant advantages over traditional measures such as feed efficiency 
(Feed:Gain) or gain efficiency (Gain:Feed). The most important of these 
advantages is that RFI is independent of rate of gain and mature body size.  

Selection for feed efficiency based on RFI will not lead to inadvertent 
selection for larger mature size which would lead to reduced efficiency for 
maintaining beef cow herds.  

Newer feeding technologies allow for substantially easier measurement of 
RFI than has historically been the case. However, it is still a time consuming and 
expensive process that individual breeders will not be able to exercise.  

 Therefore, by identifying efficient populations of cattle at research 
institutions, and then identifying related gene markers, genomic breeding 
evaluations can be easily and inexpensively determined for any animal within 
specific breeds. This will allow for efficient and cost effective progress in feed 
efficiency selection. Sharing of genomic information among various research 
projects worldwide and validation of gene markers for various cattle populations will 
allow for general application of this technology on a wide-spread basis. 
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Summary 

 
Body condition scoring is a useful tool widely recommended for evaluating the 

nutritional management of dairy cows. In the same time, the body condition score (BCS) is 
included in most of the welfare assessment protocols, being a valuable indicator of the dairy 
cows’ welfare. The aim of this study was to compare the BCS of the dairy cows kept in 
different housing systems (tied and free stall). There were assessed all the dairy cows in 20 
farms with tie stall housing (1385 lactating cows) and in 24 farms with free stall housing 
(2519 lactating cows) in Transylvania. The BCS of each cow was established using the 
assessment system validated by Edmonson et al. (1989) and modified by DEFRA (2001). 
The data were analyzed using the SPSS (version 17) statistical software. The results 
showed high variation of the percentage of the cows with different scores in the investigated 
farms. Within the cows kept in tie stalls a proportion of 5.63% were very lean (BCS=1), 
35.74% were thin (BCS=2), 30.47% had a good body condition (BCS=3), 21.30% were fat 
(BCS=4) and 6.68% were very fat (BCS=5), respectively. In the free stall farms 2.70% of the 
cows were very lean (BCS=1), 33.42% were thin (BCS=2), 59.55% had a good body 
condition (BCS=3), 4.25% were fat (BCS=4) and 0.08% were very fat (BCS=5). When the 
BCS of the cows kept in different housing system was compared, significant differences (P< 
0.5) were found only for score 3 (good body condition); the prevalence of the cows with good 
body condition being double in the free stall farms compared with those in tie stalls. The 
results obtained indicate better feeding of the cows in free stall barns, compared with those 
in tethered housing. Also the food conversion rate of the cows kept in free housing may be 
better and the prevalence of subclinical metabolic diseases may be lower in these animals, 
at least in their lactation period, compared with the cows in tie stall housing.  

Key words: Body condition score (BCS), dairy cows, tie stall, free stall 

   
Body condition scoring (BCS) is a useful tool widely recommended for 

evaluating the nutritional management of dairy cows (15). In the same time, the 
body condition score is included in most of the welfare assessment protocols, being 
a valuable indicator of the dairy cows’ welfare (19). It allows essential management 
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decisions to be made to enable high standards of husbandry to be achieved and 
ensures that costly welfare problems are avoided.  

Monitoring BCS could also be a valuable tool for monitoring fertility (2, 9, 
15, 18), health (2, 15), breeding in general (9, 16) and for improving performance of 
the cow in the upcoming lactation (16).  

The body condition of dairy cows is influenced by many factors (2, 15). The 
ideal BCS is the level of body fat that allows the cow to optimize milk production 
while simultaneously minimizing metabolic and reproductive disorders (12). The 
ideal BCS is highly dependent on lactation stage (7). Coffey et al. (3) state that 
sometimes the level of BCS loss is unknown and highly dependent on the 
production system in which cows are managed. 

The aim of this study was to compare the BCS of the dairy cows kept in 
different housing systems (tied and free stall). 

 
Materials and methods 

 
There were assessed for BCS all the dairy cows in 20 farms with tie stall 

housing (1385 lactating cows) and in 24 farms with free stall housing (2519 
lactating cows) from Transylvania.  

The BCS of each cow was established using the assessment system 
validated by Edmonson et al. (5) and modified by DEFRA (4). Accordingly, a very 
fat cow is scored with BCS=5, BCS=4 is the score for a fat cow, BCS=3 is the 
score for a cow having a good body condition, the lean cow is scored BCS=2, and 
the very lean one with BCS=1. Each cow was assessed by two experienced 
observers. The data were analyzed using the SPSS (version 17) statistical 
software.  

The descriptive statistical indicators (mean, standard error of the mean, 
median, minimum and maximum) were calculated, and also the percentage of 
cows with different scores, per farm and per housing system. The comparison of 
the values obtained was made using the Mann – Whitney test. The value of 
minimal significance was considered at P<0.05. 

 
Results and discussions 

 
The percentage of cows with different socres in each tie stall farm is shown 

in Table 1, and the distribution of the body condition score (BCS)in all the assessed 
cows (1385) is presented in Fig. 1.  

The analysis of the results indicate o great variation of the percentage of 
the cows with different scores in the 20 tie stall barns. In the majority of the farms, 
the increased proportion of thin cows was seen. Only in two farms (farm 1 and 18) 
of the 20 investigated, more than half of the cows had a good body condition score 
(3). In a specific farm (fam 16), and only there, all the cows were thin and very thin.  
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Within the cows kept in tie stalls, the high percentage of thin and very thin 
animals (41.37%) could be caused by the insufficient feeding.  

 
Table 1 

The percentage of the dairy cows with different BCS in the investigated tie 
stall farms 

Farm 
BCS (%) 

1 2 3 4 5 

1 8.33 22.93 54.16 14.58 0.00 

2 8.00 68.00 24.00 0.00 0.00 

3 4.76 88.10 7.14 0.00 0.00 

4 12.50 46.88 40.62 0.00 0.00 

5 0.00 15.00 40.00 35.00 10.00 

6 8.57 77.14 8.57 5.72 0.00 

7 0.00 4.00 12.00 56.00 28.00 

8 9.74 48.67 36.28 5.31 0.00 

9 0.00 5.00 27.00 43.00 25.00 

10 0.00 7.00 28.00 51.00 14.00 

11 17.00 45.00 38.00 0.00 0.00 

12 0.00 53.41 46.59 0.00 0.00 

13 0.00 65.00 35.00 0.00 0.00 

14 0.00 12.50 14.29 48.21 25.00 

15 4.88 85.37 9.75 0.00 0.00 

16 19.45 80.55 0.00 0.00 0.00 

17 30.00 53.33 16.67 0.00 0.00 

18 0.00 20.19 57.69 22.12 0.00 

19 0.00 8.34 33.33 47.22 11.11 

20 5.77 37.50 29.80 26.93 0.00 

 
BCS 1  BCS 2 BCS 3 BCS 4 BCS 5

 
 

Fig. 1. The distribution of the BCS in the cows kept in tie stall systems 
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Table 2 and Fig. 2 show the results obtained in the free stall farms. The 
variations in the BCS were high also in these cows. It is remarkable the fact that 
the score 5 was obtained in only one farm (farm 20).  

In the free stall farms, 2.70% of the cows were very lean (BCS=1), 33.42% 
were thin (BCS=2), 59.55% had a good body condition (BCS=3), 4.25% were fat 
(BCS=4) and 0.08% were very fat (BCS=5) (Fig.2). 

 
Table 2  

The percentage of dairy cows with different BCS in 24 free stall farms 

Farm 
BCS (%) 

1 2 3 4 5 

1 8.57 67.14 24.29 0.00 0.00 

2 10.00 60.00 30.00 0.00 0.00 

3 5.71 68.57 25.71 0.00 0.00 

4 11.43 60.00 28.57 0.00 0.00 

5 8.57 64.29 27.14 0.00 0.00 

6 8.57 57.14 34.29 0.00 0.00 

7 12.86 65.71 21.43 0.00 0.00 

8 5.71 61.43 32.86 0.00 0.00 

9 0.00 15.83 80.84 3.33 0.00 

10 0.00 14.13 85.87 0.00 0.00 

11 3.26 18.48 78.26 0.00 0.00 

12 0.00 27.65 46.47 25.88 0.00 

13 0.00 46.47 53.53 0.00 0.00 

14 0.00 33.33 56.67 10.00 0.00 

15 0.00 28.67 63.33 8.00 0.00 

16 0.00 36.67 58.67 4.66 0.00 

17 1.32 5.92 91.45 1.31 0.00 

18 1.95 3.90 92.86 1.29 0.00 

19 1.04 18.75 75.00 5.21 0.00 

20 0.00 0.00 85.00 16.67 3.33 

21 2.22 38.89 58.89 0.00 0.00 

22 6.73 36.54 56.73 0.00 0.00 

23 0.00 18.89 75.55 5.56 0.00 

24 0.00 36.14 60.50 3.36 0.00 
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BCS 1 BCS 2 BCS 3 BCS 4 BCS 5

 
Fig. 2.  The distribution of BCS in the cows kept in free housing systems  

 
Usually, the cows in farms with tie stalls lose weight because the 

inadequate quality and quantity of the feed and in the free stall housing often the 
feed-front is too short for the simultaneous feeding of all of the animals (6). Also, 
the lame cows spend less time feeding (8). Thin cows often do not show estrus 
behavior or become infertile (prolonged post-partum anestrus), until that they begin 
to gain weight, or, at least, to maintain it for the long term. In feeding these animals 
care have to be taken to maintain the production level, while the development of 
body reserves (5, 7). 

Table 3 comparatively shows the body condition scores in the two housing 
types. Significant differences (P<0.05) were found only for the score 3. Providing 
proper feed represents a basic condition of the dairy cows’ welfare (1). 

 
Table 3  

The descriptive statistical indicators for the body condition score in the dairy 
cows kept in free and tie stall housing 

 
Parameter 

BCS1 BCS2 BCS3 BCS4 BCS5 

TSH FSH TSH FSH TSH FSH TSH FSH TSH FSH 

n=20 n=24 n=20 n=24 n=20 n=24 n=20 n=24 n=20 n=24 

Mean 6.45 3.66 42.19 36.85 27.94 55.99 17.75 3.55 5.65 0.14 

SEM 1.83 0.88 6.47 4.50 3.62 4.81 4.74 1.29 2.18 0.13 

Median 4.82 1.63 45.94 36.34 28.90* 57.70* 5.51 0.00 0.00 0.00 

Minimum 0.00 0.00 4.00 0.00 0.00 21.43 0.00 0.00 0.00 0.00 

Maximum 30.00 12.86 88.10 68.57 57.69 92.86 56.00 25.88 28.00 3.33 

TSH - tie stall housing; FSH – free stall housing;  SEM - standard error of mean;*P< 0.05 

 
The proportion of the very thin cows represents a valuable welfare 

indicator, being included in the Welfare Quality (19) assessment protocol. In this 
study no significant differences (P > 0.05) were found between the free stalls and 
tie stall housing regarding the mean percentage of very lean cows. In both systems 
the percentage of very thin cows was similar than that obtained by Regula et al. 
(14) in loose and tie-stall farms in Switzerland and by Ostojic-Andric et al. (11) in 
Serbia, and lower than those reported in another study performed in Romania (13). 

The thin or fat status of the cows can constitute an indicator of the 
nutritional deficiencies, of the health problems (10) or of a deficient management at 
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farm level (20). In this study the system used to determine the BCS was modified 
(4), because several reasons. This way, it was considered that only the extreme 
deviations from the ideal body condition are relevant from the dairy cows’ health 
and welfare point of view (17), and also the use of the original system would double 
the time needed for the assessment.  

The periodical application of the body condition scoring in the group of 
lactating cows and also in the dry cows is an excellent instrument that helps for a 
more efficient management of the herd and reduces the incidence of metabolic 
problems at parturition (15). 
 

Conclusions 
 
The results obtained indicate a better feeding of the cows in free stall 

barns, compared with those in tethered housing. Also the food conversion rate of 
the cows kept in free housing may be better and the prevalence of subclinical 
metabolic diseases may be lower in these animals, at least in their lactation period, 
compared with the cows in tie stall housing.  
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Summary 

 
Lameness evaluation is widely used in the clinical exam of the horse, including 

welfare assessment protocols. Even there are widely recognized lameness assessment 
protocols in horses, like the scale developed by the American Association of Equine 
Practitioners (AAEP), the subjectivity of evaluation can be an issue. The aim of this study 
was to compare the lameness evaluation made by the owners and a veterinarian in the 
same horse, to reveal the ability of owners to recognize lameness of their animal. A total 
number of 124 horses used for different works were assessed during four months, using the 
AAEP lameness scale by two veterinarians. Two different lameness assessment levels were 
set up for the owners who agree to take part of the study (a two score scale and the same 
AAEP scale explained and exemplified to them). The data were analyzed using the SPSS 
(version 17) statistical software. The results showed a high prevalence of the different 
lameness scores in the evaluated working horses, more than half of these being lame at 
some degree. The agreement between veterinarians and owners assessing lameness was 
low in general. When using the two point scale (lame versus not lame), the owners missed 
the veterinary diagnostic in 82% of the cases. Regarding the agreement in deciding which 
leg is lame the owners had the same opinion with the vets in only 17% of the cases. The 
lowest agreement was found between owners and vets when the AAEP scale was applied in 
establishing mild lameness (up to score 3), where only 7% of the owners perceived the 
horse to be lame and only 2.7% of the owners agreed with the vets in pointing out the lame 
leg. The subjectivity of assessment was much lower in the investigation of severely lame 
horses (score 4 and 5 on the AAEP scale), when more than 85% of the owners agreed with 
the vets regarding the lame leg and lameness degree. Yet, recognition by the owners of 
severe lameness in the horses’ front legs was much better (in 82% of the cases) when 
compared to the hind leg lameness. The results obtained indicate the poor ability of the 
working horse owners to recognize lameness in their horses, which clearly points out the 
need for their education in order to increase the welfare of their animals.  

Key words: lameness assessment, working horses, lameness diagnostic 

subjectivity 

   
According to a several studies in Europe (8), the United States (6) and also 

in the developing countries (4), lameness is found to be the most common problem 
affecting the horses and ponies. Lameness causes suffering through pain (10) and 
also represents an additional stress on the other limbs and axial skeleton of the 
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animal (2). Lameness is not a disease but more a clinical sign. It is a manifestation 
of pain, mechanical restrictions, causing alteration of stance or gait (1), depending 
on its severity. Also, depending on the severity of lameness, the signs shown by 
the horse may be more or less obvious: from a subtle shortening of the stride, until 
the inability to bear weight on the affected limb (AAEP). Thus, the symptoms of 
mild lameness could be unnoticed by the observer. Even with experienced equine 
veterinarians, for horses with mild limping, subjective evaluation of lameness is not 
very reliable (7). As regards horse owners, their lameness diagnostic could be even 
less accurate.  

Yet, in the same way as for other animal welfare problems, recognizing 
lameness in horses (making lameness diagnostic), especially in working horses, is 
the first step in ready prevention and treatment, as it is stated in the Five Freedoms 
of animal welfare. So, it would be important for everyone involved in the equine 
industry, to have knowledge and experience in establishing if the horse is sound or 
lame. 

The aim of this study was to compare the lameness evaluation made by 
the owners and a veterinarian in the same horse, to reveal the ability of owners to 
recognize lameness of their animal. 

 
Materials and methods 

 
To assess lameness in the studied horses a visual guide was used, 

developed by the American Association of Equine Practitioners (AAEP) (3). This 
lameness scale is widely recognized around the world and offers the possibility to 
score the severity of the clinical signs from 0 meaning a lameness that it is not 
perceptible under any circumstances, to 5 representing a pain degree that 
produces minimal weight bearing in motion and/or rest or a complete inability to 
move. This assessment scale was applied to a total number of 124 horses used to 
different works, by two veterinarians. The composition of the sample of horses is 
described in Table 1. The lameness prevalence was calculated also according to 
the characteristics of the horse sample group, in order to have an insight if there 
would be higher risks for a category of horses or other. 

The owners participating in the study were instructed about the clinical 
signs of lameness (both front and hind limbs), and also the AAEP lameness scale 
was explained and demonstrated to them. Then the owners were asked to visually 
assess the horse at walk and trot, than to state if the animal is lame or not. If they 
found the horse to be lame, they should point which was the lame leg. After this 
two point assessment (lame vs. not lame) was done, all the owners who diagnosed 
lameness, had to score the degree of this symptom according to the AAEP scale. 
All the horses were presented (each time) at walk and trot by one of the 
veterinarians, for the accuracy of the testing. The horses were walked on a 
reasonable hard and level surface, in a straight line. No lameness testing was 
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made on lounging the horse (e.g. circular movement), in order to keep the 
assessment as simple it was possible for the horse owners. 

 
Table 1 

Descriptive characteristics of the horses included in the study 

Age group Type of work Constitution type 

Up to 
3 

years 

3-15 
years 

More 
than 
15 

years 

Light 
(occasional) 

Medium 
(regular, 
not more 

than 4 
days/week) 

Hard 
(regular, at 

least 5 
days/week) 

Light 
and 

medium  

Heavy 
(draft 
type) 

22 82 20 63 43 18 110 14 

 
All the results obtained were recorded. The statistical analysis applied to 

the data established the prevalence of the lameness in the assessed horses, 
according to the diagnosis established by the veterinarians and also by the owners, 
and comparing these results for statistical significance of the differences. 
Regarding the identification of the lame leg, the veterinary diagnostic was 
compared with the opinion of the owners in the similar way and also the scoring 
according to the AAEP scale. The comparison of the values obtained was made 
using the Mann – Whitney test. The value of minimal significance was considered 
at P<0.05. 

All the procedures involving the animals were carried out with the consent 
and active participation of the horse owners in accordance with the ethical 
guidelines of the Romanian National Animal Protection Law (11). 

 
Results and discussions 

 
The veterinarians determined an overall prevalence of horses with different 

degrees of lameness in different legs of 74.99%, which can be considered high. In 
a welfare assessment of the working equids in the developing countries Pritchard 
et al. (9) report similar results, stating that over 75% of the animals have limb 
deformities and abnormalities of gait. In another study Burn et al. (5) describe the 
prevalence of gait abnormalities in nine developing countries between 17.14% and 
100.00%. Within this study, in seven countries out of nine, the prevalence of 
lameness was found to be above 90%. Comparing with the developing countries, in 
the United Kingdom the National Equine Health Survey reports for a two years 
period (2012 and 2013) a lameness prevalence of 18.6% of all the disease cases 
recorded in horses, which is considerably lower than in the studies recorded above. 

The prevalence of lameness calculated according to the characteristics of 
the horse sample group shown no statistically significant difference (Table 2).  
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Table 2 
The prevalence of lameness calculated according to the characteristics of the 

horse 

Sample group characteristics Lameness prevalence 
(%) 

Age group Up to 3 years old 68.18 

3-15 years 74.39 

More than 15 years old 80.00 

Type of work Light (occasional) 68.25 

Medium (regular, max 4 
days/week) 

65.12 

Hard (regular, min 5 days/week) 77.78 

Constitution 
type 

Light and medium 71.82 

Heavy (draft type) 78.57 

 
The high prevalence of equine lameness and gait abnormalities in the 

countries where these animals are used especially or mainly for work represents a 
welfare problem as it is related with the pain, stress, discomfort felt by the individual 
and also the lack of prevention and treatment provided. In order to alleviate this 
welfare problem, the equine owners’ attitude would be important. To prevent, try to 
treat or ask for a specialist’s help, those responsible for the animal should 
recognize that there is a problem that needs solving.  

Within this study the owners succeeded to detect only 18% of the horses 
found to be unsound by the vet, meaning that they missed 82% of the overall 
lameness cases in the assessed horses. Unfortunately, this low detection rate of 
horse lameness was made in the conditions when the owners were concentrated 
on this problem and after the explanations regarding lameness detection 
techniques. This could mean that in usual working conditions with the horse the 
same owners could have missed even more of the lameness cases in their 
animals. However, after all the instructions and exemplification, all the owners 
missed all the lameness cases that were less severe, meaning those that could be 
scored on the AAEP scale between 1 and 2 (Fig. 1). Only 7% of the owners agreed 
with the veterinarians when about less severe lameness, scored with three on the 
AAEP scale (Fig. 1). 
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Fig.1. Lameness detection in horses by veterinarians and the owners, according to 

the scores using the AAEP lameness scale 
 

After detecting lameness, the owners were asked to point out which leg 
was lame. Interestingly, they were in agreement with the veterinarians in 17% of 
the cases, out of the 18% of their lameness detections. This means that from the 
overall number of the lameness cases they identified, regarding the lame leg the 
owners agreed in 94.44% of the cases with the veterinarians. This can be 
considered a high percentage of agreement. In a recent study (7) the subjective 
evaluation of lameness in horses was studied in terms of inter-assessor 
agreement. Using the AAEP scale and only evaluating the horse trot, the clinicians 
agreed whether a limb was lame or not in 76.6% of the cases, with a slightly higher 
agreement on forelimb lameness than on hind limb agreement. The explanation for 
the high agreement between the owners’ assessment and veterinarians in this 
study was the fact that the overall cases of lameness detected by the owners was 
built up exclusively by the severe lameness cases of the horses, e.g. score 4 or 5 
on the AAEP lameness scale (Fig. 1). In all of these cases (according to the AAEP 
protocol) the lameness was obvious at a walk and/or produced minimal weight 
bearing in motion and/or at rest or a complete inability to move. Observing and 
detecting the lame limb in these cases was much more evident than for slight 
lameness, unsoundness and it was much frequent (82%) in the front legs. 
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Conclusions 
 

The results obtained indicate the poor ability of the working horse owners 
to recognize lameness in their horses, which clearly points out the need for their 
education in order to increase the welfare of their animals.  
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Summary 

 
The study aims to analyze and describe the morphometric characteristics of the 

cheetah skull (Acinonyx jubatus). Morphometric peculiarities of the skull can be elements for 
recognition of the species useful to those interested. For this study it was used an adult 
cheetah, 7 years old, donated to the Anatomy Department by Circus & Variete Globus 
Bucharest. In order to perform the physical measurements of the skull we used a ruler, a 
compass, callipers and a livestock. There were conducted measurements and there were 
described the morphometric peculiarities of the skull. The following conclusions were driven: 
the skull is compact, the viscerocranium is short and the neurocranium is convex, the frontal 
bone is widened, having a zygomatic process at the frontal extremely low, the styloid 
process is lacking and it is replaced by a hollow elongated vertically, the aboral palatine 
foramens is very small, there are no alar foramen and alar channel, the circular cleft palates 
is continued in a rostral way with obvious incisive grooves.  

Keywords: cheetah, skull, zygomatic process 

 

Cheetah (Acinonyx jubatus) is a species belonging to the genus Acinonyx, 
Felidae Family, within the big cats (along with species of the genus Phanter), and is 
classified as a vulnerable species on the Red List of the International Union for 
Conservation of Nature (IUCN), having a population that is steadily declining. Data 
from the specific literature regarding morphology of this species are scarce and 
centered especially upon features limb muscles. In Romania the species was 
present in Bucharest Zoo - Baneasa before 1990, and nowadays there is no 
specimen in captivity in our country. Among large feline species, tiger (Panthera 
tigris) and the jaguar (onca Phanter) were studies in Romania. Regarding this 
species, there were performed studies regarding the morphology and the 
morphometry of various components of the skeleton (skull, spine, limb bones). 
(1,2,4,5). 
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Materials and methods 
 

The study material was a copy of cheetah, who dies at 7 years old, 
(Acinonyx jubatus), donated to the Anatomy Department by Circus & Variete 
Globus Bucharest. 

The skull was thoroughly cleaned of soft tissue, then subjected to 
controlled soaking process, washed and degreased. Maceration was carried out in 
vessels maintained at a constant temperature for a long time (about 50 days) under 
continuous surveillance. Washing was carried out, at first, in running water for 24-
48 hours. Cleaning after maceration was carried out with the tip of the scalpel in 
order to remove any organic residues. Scouring was carried out using the usual 
washing powder diluted in water. After that the study material was cleaning with 
acidified water in order to remove any trace of organic residue. Drying skull was 
done under supervision for 48-56 hours at an average temperature of 18-22

0
C to 

avoid cracking of the bony structures in order not to compromise their integrity. 
There were conducted measurements, there were described and photographed the 
most interesting aspects. Description, identification and approval were done 
according to Nomina Anatomica Veterinaria (N.A.V.) 2005. For measurement, a 
livestock compass, a ruler and a caliper were used. Measurements of the various 
segments of the skull and the skull as a whole were mad. The measurement were 
based on research made on the skulls of domestic cat (Felis catus syn. Felis 
silvestris catus) and wildcat (Felis silvestris) (3,6,7,8). Some measurements were 
used to determine the facial index and cephalic index. 
 

Results and discussions 
 

The morphological characteristics of neurocranium and viscerocranium in 
cheetah (Acinonyx jubatus) were described. The skull is small, the cranial cavity is 
compact and the muzzle is short. The dorsal face of the neurocranium is convex in 
every sense, represented by parietals and frontals with a very high sagittal crest 
(Crista sagittalis external) at the level of the interparietal, but its height is reduced at 
the level of parietals, where it divides into two temporal lines poorly demarcated. 
The zygomatic process of the frontal (Processus zygomaticus) is very low, 
conducted in ventro-aboral sense. In the auricular region can be observed highly 
developed tympanic bulla, whose ventral circumference is convex (Fig. 1). 

The external acoustic meatus is very low, being fully transformed in a wide 
oval foramen. The mastoid process (Processus mastoideus) of the temporal rock is 
low, but flanked at the basis, by a stilo-mastoid foramen. The styloid process is 
missing, replaced by a low depression with vertically elongated appearance. At the 
level of pterigo-palatine fossa there is an obvious foramen maxillary and the 
posterior palatine foramen is very small, being flanked at the medio-aboral level by 
a large sphenopalatine foramen, with circular appearance (Fig. 2). 
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Fig. 1. Skull of a Cheetah (Acinonyx jubatus)- dorsal aspect (original)  

1. Nasal; 2. Maxila; 3. Frontal; 4. Zygomatic; 5. Incisive; 6. InfraorbitaL 
foramen; 7. Temporal line; 8. Sagittal crest external; 9. Process zygomatic of 

the frontal; 10. External occipital protuberance. 
 

 
Fig. 2. Skull of a Cheetah (Acinonyx jubatus)- lateral aspect (original) 
1.Nasal; 2 Foramen lacrimal ; 3 Process zygomatic of the frontal; 4. 

Zygomatic; 5. Posterior palatine foramen; 6. Temporal; 7. Nuchal crest; 8. 
Tympanic bulla; 9. External acoustic meatus; 10. Orbitar hiatus; 11. Foramen 

infraorbital; 12. Parietal 
 

The orbital hiatus has the same openings as the domestic cat (Felis catus 
syn. Felis silvestris catus): the optic foramen, the orbital fissure and the round 
foramen, but the alar foramen and the alar canal are missing. At the ventro-aboral 
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level of the round foramen there is an obvious oval foramen. The basis of 
presfenoid wings is crossed by the optical canal, which opens above the round 
foramen and orbital fissure. The cheetah skull basis, is similar to the domestic cat 
(Felis catus syn. Felis silvestris catus) being short, but wide. Foramen occipital 
(Foramen magnum) is broad, relatively circular, flanked on each side by an 
elongated transverse condyle. The jugular process is disposed at the back of the 
tympanic bulla, covering it completely. The muscular process was missing, and 
musculoskeletal tubal canal was wide. 

At the level of the splahnocranium, it can be observed much longer nasal 
region than in domestic cat (Felis catus syn. Felis silvestris catus), the nasals (Os 
nose), ended by an elongated tip, making a small nazoincisiv notch. The facial 
region was longer than in domestic cat, and the canine socket relief can be 
observed. The palatinate region, in cheetah, has the appearance of an equilateral 
triangle and almost half of its length, is formed by the horizontal portions of palates 
as in domestic cat (Felis catus syn. Felis silvestris catus). In the rostral extremity, 
the palatine fissure can be observed, relatively circular, closer to the median 
suture, which continues in rostral direction, onto the inner incisive bone with 
obvious incisive grooves (Fig. 3). The anterior palatine foramen is reduced, 
continued in the rostral direction, by very low palate ditches. 
 

 
Fig. 3. Skull of a Cheetah (Acinonyx jubatus)- ventral aspect (original)  

1. Tympanic bulla; 2.Sphenobasioccipital tubercle 3. Occipital condil; 4. 
Sphenoid; 5. Jugular foramen; 6. Anterior palatine foramen; 7. Palatine fissure; 

8. Glenoid cavity; 9. Retroauricular process; 10. Occipital foramen; 11. 
Occipital 

 
 The mandible has a slightly concave ventral edge of the horizontal portion. 

Masseteric fossa is deep and wide, reaching to the coronoid process, divided by a 
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ridge transverse bone in two floors, upper and lower. The lower one is heavily 
excavated. It can be observed only one mental foramen (Foramen mental), without 
the foramen accessories (Fig.4). 

 

 
Fig. 4. Mandible of the Cheetah (Acinonyx jubatus)(original) 

1.Mental foramen; 2. Angular process; 3. Condyloid process; 4. Coronoid 
process; 5. Masseteric fossa 

  
The facial index is calculated with the following formula: The width of the 

face (kliob – 4.6) x 100 / the length of the face (ln_1 – 4.9). The facial index in the 
studied Cheetah is 93,87 => the surface of the face is short. (Fig. 5 and Table 1)  

 
The facial index = 4.6x100/4.9 =>93.87 

 
Fig. 5. Measurements of the dorsal part of the skull in Cheetah (Acinonyx 

jubatus) (original) 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 
 

 181 
 

 The cephalic index is calculated with the following formula: the 
width at the level of zygomatic arch (zw – 12.9) x 100 / maximum length of the skull 
(gsl – 20.2). The cephalic index in Cheetah is 63.86%. Due to this value, the 
studied cheetah in a mammal cu a bony head, very large, judging by the index 
higher that 46% (Fig.6 and table 1). 

 
The cephalic index = 12,9x100/20,2 =>63.86% 

 
Fig. 6. Measurements of the lateral part of the skull in Cheetah (Acinonyx 

jubatus) (original) 
 

Table 1 
Measurement used to determine the facial index and the cephalic index in 

Cheetah (Acinonyx jubatus) 

 Measurement Values (cm) 

ln_1 (the length of the nasal at the level of medial suture) 4.9 

kliob (interorbital width measured at the smallest distances 
between the orbits) 

4.6 

 zw (maximum width of the skull at the level of zygomatic 
arch) 

12.9 

gsl (maximum length of the skull) 20.2 

 
Conclusions 

 
In cheetah (Acinonyx jubatus), the skull is relatively small compared to the 

waist, the cranial cavity is solid, the dorsal part of the skull is convex in every 
sense. 

The zygomatic process of the frontal (Processus zygomaticus) is very low, 
conducted in ventro-aboral sense. 
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The tympanic bulla is highly developed and external acoustic meatus is 
very low, being transformed a wide foramen get in the form ovalara.  

The styloid process is missing, replaced by a low depression with vertically 
elongated appearance. 

The nasal region is much longer and the nasals end in an elongated tip, 
making a small nazoincisiv notch in the rostral extremity.  

The facial region is longer than in domestic cat. 
The palatine fissure, relatively circular, continues in a rostral direction, onto 

the inner incisive bone with obvious incisive grooves.  
Masseteric fossa is divided by a ridge transverse bone in two floors, upper 

and lower. The lower is heavily excavated. 
On the surface of the mandible there is a single mental foramen (Foramen 

mental). 
The facial index in the studied Cheetah is 93.87, typical of a species with 

short splachnocranium. 
The cephalic index in Cheetah is 63.86%. Due to this value, the studied 

cheetah in a mammal cu a bony head, very large, judging by the index higher that 
46%. 
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Summary 

The objective of this study was to assess the antioxidant effects of Milk thistle 
(Silybum marianum L.) and Sea buckthorn (Hippophae rhamnoides L.) extract on Alloxan 

induced pancreatic damage in adult rats. Seven days after Alloxan administration the 
glycaemia was determined and rats with over 135 mg/dl were considered diabetic. Those 
rats were divided in three groups: D – diabetic control, SM – group receiving Silybum 
marianum 6% aqueous extract and HR – group receiving Hippophae rhamnoides 6% 

aqueous extract. All the extract were administrated during a period of seven weeks. At the 
end of the experimental period pancreas was collected and prepared for histopathological 
studies. 

The microscopic examination pointed out that lesions induced by Alloxan 
administration have not disappeared. The observed histopathological changes were: edema, 
reduction of number and size of Langerhans islets, sometimes absence of the islets, 
endocrine cells necrosis, leucocyte infiltration.  

Key words: diabetes, pancreas, histopathology, rat 

 
According to WHO’s Global Report of Diabetes, diabetes is “an important 

public health problem, one of four priority noncommunicable diseases”. In the past 
years number and prevalence of cases is increaseng. WHO estimates that the 
globall number of adults with diabetes in 2014 was 422 milion, and the prevalence, 
in adult population, was 8.5%, which is double compared to 1980 when it was 4.7% 
(17). 

Alloxan has been commonly used as a chemical to induce diabetes 
mellitus in laboratory animals. Its structural similarity to glucose is one responsible 
for selective uptake by the pancreatic beta cells, where by generation on free 
radicals, especially superoxide radicals, it causes cellular damage - necrosis. This 
diabetogenic action appears when Alloxan is administered parenterally, i.e., 
intravenously, intraperitoneally or subcutaneously (3, 19).  

Silybum marianum L. (Milk thistle) is a plant cultivated for it’s medicinal 
effects but it can also be found as a weed. It is a native plant for Mediterranean 
basin, but now it is widespread through the whole world (11). Seeds of Milk thistle 
have been used as a remedy for more than 2000 years (6), since form the ancient 
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times (12). The real medicinal value of the plant lies in its seeds, which contain a 
mixture of flavonolignans: silychristin, silydianin, silybin and isosilybin known as 
silymarin (1, 4, 6). It was demonstrated that silymarin has antioxidative, anti-
apoptotic properties, increases glutathione levels and superoxide dismutase activity 
in the cells, thus inhibiting lipid peroxidation responsible for oxidative stress 
induction (8, 10). 

Hippophae rhamnoides L. (Sea buckthorn) is a plant native to Europe and 
Asia, but today it is cultivated in other parts of the world too, because of its 
beneficial medicinal and nutritional properties (13). It is due to these properties that 
Sea buckthorn has been used in Chinese medicine since the Tang Dynasty, more 
than 1000 years ago. People of Asia, Nordic countries and from Baltic region used 
this plant as food, fuel, medicine (as treatment for asthma, skin diseases, gastric 
ulcers and lung disorders), veterinary purpose, as agricultural tools and bio – 
fencing (7, 18). The berries (fruits) are rich in valuable compounds such as C and E 
vitamins, carotenoids (β-carotene, lycopene, lutein, zeaxanthin), flavonoids 
(isorhamnetin, quercetin, isoharmnetin-3-beta-D-glucoside, isoharmnetin-3-beta-D-
glucosaminide, kaempferol), organic acids, amino acids, fatty acids, phytosterols, 
micro and macro nutrients (9, 18). All these compounds are responsible for multiple 
pharmacological and therapeutic activities of Sea buckthorn, like antioxidant, 
immunomodulatory, anti-inflammatory, anti-atherogenic, anti-stress, 
cardioprotective (16). 

Materials and methods 

The study was carried out on adult albino Whistar rats purchased from 
Animal House of University of Medicine and Pharmacy „Victor Babeş” Timisoara, 
Romania. The rats were housed in plastic cages under standard laboratory 
conditions during acclimatization and experimental period (25±2°C, 12 h light/dark), 
and were fed on standardized normal diet and water ad libitum.  

The aim of this study was the assessment of Silybum Marianum L. (Milk 
thistle) and Hippophae Rhamnoides L. (Sea-buckthorn) effects on pancreas 
structure in rat’s diabetes mellitus. 

Milk thistle seeds and Sea-buckthorn fruits were purchased from natural 
plants shop. Aqueous extract from this plants were obtained by classic extraction, 
respectively by mixing plant particles, size of 0.4 mm, with distilled water in 
water/volume ratio of 0.6/10 (w/v). After heating the mixture at 90°C for 10 minutes, 
it was passed through the filter (2).  

The animals were divided in four groups: one control (C) – receiving only 
distilled water, and three experimental. According to protocol described by 
Carvalho et al. (5) all animals from experimental groups received 40 mg/kg bw of 
Alloxan (Sigma –Aldich, St. Louis, USA) 2%, i.v. in the tail vein. One week after 
Alloxan administration glycaemia levels were determined using portable glucometar 
ACCU-CHEK Active, model GC (ROCHE, Mannheim, Germany) with specific 
stripes. The rats with glicaemia over 135 mg/dl were considered diabetics and were 
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distributed in three experimental groups as follows: D – diabetic control which 
received distilled water, SM – diabetic rats which received Silybum Marianum 6% 
aqueous extract, HR - diabetic rats which received Hippophae Rhamnoides 6% 
aqueous extract (14, 15).  

At the end of experimental period, seven weeks, samples from pancreas 
were collected for histological assessment. Tissue samples were fixed in 80° 
ethanol solution and processed via the paraffin wax embedding method. The 
paraffin embedded-sections were then cut at 5-micron thickness using microtome 
(Cut 4062 Slee Mainz, Germany). The obtained slides were stained by Hematoxylin 
and Eosin standard method and examined on Olympus microscope CX 41 with 
digital photo camera and software for image analysis QuickPHOTO Micro 2.2. 

During the experiment the animals were handled according to national and 
international guide for the care and use of laboratory animals.  

Results and discussions 

Histological examination of pancreas from control group, that received only 
distilled water without induction of diabetes, revealed intact pancreatic islets and 
exocrine cells (Fig. 1).  

 

 
Fig. 1. Pancreas section of control rats, stained H&E, ob. 6 – normal aspect of 

endocrine and exocrine part of pancreas 
 

In Alloxan-induced diabetic rats (group D) histology slides showed (Fig. 2) 
reduction in islet dimensions, presence of areas with cell necrosis and leukocyte 
infiltrate, involved in the pathogenesis of certain autoimmune diseases.  
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Fig. 2. Pancreas section in diabetes induced rats, stained H&E, ob. 10 – 

degenrative lesions in pancreatic islets 
 

Also it was observed that Alloxan administration caused appearance of edema 
between endocrine cells in pancreatic islets, associated with altered morphology of the 
cells, Fig. 3. Some sections showed edema in exocrine part of pancreas, too.  

 

 
Fig. 3. Pancreas section in diabetes induced rats, stained H&E, ob. 40 –  

a. leukocyte infiltrate, b. edema 
 

It was observed that necrosis of endocrine cells was directly correlated with 
extensions of edema in pancreatic islets. 

In the case of diabetic rats which received 6% aqueous extract of Silybum 
Marianum there were lesions similar to those observed in Alloxan-induced untreated 
rats (group D). Pancreas from SM group showed normal acini aspect. Endocrine cells, 
however, suffered morphological alterations presented in Fig. 4 and 5. 

a 

b 

b 
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Fig. 4. Pancreas section from Milk thistle treated rats, stained H&E, ob. 10 –  

drastic reduction of Langerhans islet dimensions 
 

 
Fig. 5. Pancreas section from Milk thistle treated rats, stained H&E, ob. 10 –  

a. leukocyte infiltrate, b. edema 
 

In HR group of diabetic rats that received 6% aqueous extract of Sea 
buckthorn, Fig. 6, histological examination showed the presence of similar lesions 
as those described in group D: necrosis of endocrine cells directly correlated with 
extent of edema. Langerhans islets, although morphologically altered, were present 
on all sections and bigger than in rats with induced diabetes that received only 
distilled water. Leukocyte infiltration was reduced or absent, and areas of edema 
reduced. 

Exocrine pancreas, however, presented none structural modification.  

b 

a 
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Fig. 6. Pancreas section from Sea buckthorn treated rats, stained H&E, ob. 40 –  

improvement of tissue architecture 
 

 
Fig. 7. Pancreas section from Sea buckthorn treated rats, stained H&E, ob. 40 –  

a. hyperemia, b. normal pancreatic islet 
 
On some slides, pancreatic islets presented normal morphology. 
Only in pancreas of rats treated with aqueous extract of Hippophae 

Rhamnoides was observed dilatation of blood vessels – hyperemia. Due to this 
phenomenon nutritional support for glandular cells is provided which can lead to 
tissue repair and / or compensation, Fig. 7. The lesions that Alloxan administration 
caused are severe, and in a short period of time (seven weeks) it is hard to 
compensate those. Therefore, hyperemia that occurs is only a response from the 
tissue which seeks to provide nutritional support necessary for repair, if it is 
possible. 

a 

b 
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Conclusions 

The present study pointed out that modification of pancreas architecture, 
induced by Alloxan administration, hasn’t disappeared after plant extract 
consumption. Microscopic examination of histological slides revealed that 
morphological alterations in pancreas were similar after Milk thistle and Sea 
buckthorn aqueous extract administration. The described lesions were: decrease of 
number and dimensions on Langerhans islets, or their absence; degeneration and 
necrosis of endocrine cells, leukocyte infiltrate and edema. However, in group that 
received aqueous extract of Hippophae Rhamnoides the extent and severity of 
lesions were reduced and compensated by appearance of hyperemia – process 
that can lead to tissue repair/healing.  

Considering that described cell alterations are degenerative and necrotic, it 
would be necessary more time to pass (more than seven weeks) for some 
morphological amelioration to appear. 
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Summary 
 

The lymphatic system at mammals has a maximal complexity and functioning 
development. Therefore, this complexity induce the immune response, wich through the 
organism reacts specific to the aggression of the external environment. The immune 
reactions, the most perfected and efficient are found at the superior vertebrates. 

The mammary lymph nodes are disposed directly under the skin, to the caudal 
portion of the udder. The superficial lymph nodes can be palpated transcutaneous, but may 
appear also profund lymph nodes. At the large ruminants, the quarters from the same side 
are irrigated by the corresponding pudendal artery and a reduced portion from the posterior 
quarter is irrigated by a collateral artery of the internal pudendal artery. 

At the small ruminants, the mammary lymph nodes are disposed on a branch that 
belongs to the external pudendal artery. At the large and small ruminants the mammary 
lymph nodes can be palpated transcutaneous. 

After the effected study it can be observe that for the small ruminants at the 
superficial inguinal level it appears the external pudendal artery, disposed cranial by the 
mammary lymph nodes. At this lymph nodes level the external pudendal artery emits a 
caudal mammary branch and it continues then with the ventral labial artery. The perisinusal 
vascular network, in contrast with the large rumminants it appear a reduced development of 
these. 

At the large ruminants the external pudendal artery, at the superficial inguinal level, 
it was in the caudal part followed by mammary lymphatic vessels. The external pudendal 
artery emits the cranial and caudal mammary artery. The branches from the caudal 
mammary artery irrigate the mammary lymph nodes. 

Key words: arteries, ruminant, lymph node. 

 

The mammary glandular system which has the function of lactation, is 
connected to the perpetuation of the species. At females the nipple is a even 
organ, and the cutaneous glands from the structure, depending on their 
physiological state have a different development (2,3,4). 

The normal functioning of the mammary gland is direct linked with the 
development of the concept product (the lactation secretion). The normal activity of 
the mammary gland is influencing also the economic performance of ruminants. 
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The knowledge of the mammary lymph nodes is necessary because these 
structures react in contact with various antigens (5,6). 

Mammary lymph nodes that can be approached transcutaneous are an 
indication of local homeostasis. This study is a completion of the studies related to 
this topic (1,7,8).  

Repeated chronic inflammation that appears at the lymphatic level can 
degenerate into a malignant affection. 
 

Materials and methods 
 

 Researches were carried out on a total of five large ruminant udders and 
three udders of small ruminants. It was used China 40% dye ink for highlighting the 
lymphatic structures. The administration of the dye was through intradermal path, 
by a dose of 1.5 ml for small ruminants and 2.5 ml for large ruminants. 
 For the arterial and venous highlighting it was injected AGO contrastant 
plastic material after they were injected with saline solution and acetone. It was 
used the method of dissection and also the stereo microscope was used. 

 
Results and discussions 

 
At the large ruminants (cow) the external pudendal artery irrigates two 

quarters of the same side of the mammary gland; the posterior quarter is irrigated 
by a collateral of the internal pudendal artery. 

At the level of the superficial inguinal ring the external pudendal artery is 
accompanied by the external pudendal vein, and caudal by the efferent vessel of 
the mammary lymph nodes. 

The external pudendal artery emits a cranial and a caudal mammary 
artery. This branch emits collaterals destined to mammary lymph nodes. 

The udder irrigation is enssured by a irregular arterial circle resulted from 
the anastomosis of the mammary arteries. The arterial circle appears in general at 
the base of the mammary gland and emits collaterals that irrigate the perisinusal 
network from the base of the nipple. 

The venous system from the mammary gland level is represented by the 
nipple veins, collectors from the udder’s base, the glandular parenchyma veins. 

The mammary lymph nodes are disposed under the superficial fascia of 
the perineum and skin to the caudal extremitiy of the udder. The mammary lymph 
nodes have dimensions of approximatively 4-8 cm in length and 2-4 cm in width, 
transcutaneous palpable. 

In 10% of the investigated cases it was identified a reduced lymph node, 
deeper disposed. In the mammary lymph nodes region reach efferent vessels from 
the thigh region, perineal region and genital organs. 
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Some efferent lymph vessels are distribuited to the ilio-femoral lymph 
nodes on the opposite side. The lymphatic vessels of the nipple have the origin 
from a subepithelial capillary network. 

At the small ruminants (sheep) at the superficial inguinal level is the 
external pudendal artery that appears situated cranial by the mammary lymph 
nodes (Fig. 1). 

 

 
 

Fig.1. Mammary limphnodes in sheep (original) 
1-external pudic artery and vein; 2- caudal superficial epigastric artery; 3- right 
medial mammary artery; 4- left medial mammary artery; 5- caudal mammary 

branch; 6- lateral mammary artery; 7- mammary lymph nodes; 9- common trunk of 
papillary arteries; 10- efferent branches 

 

 
 

Fig. 2. Artery of mammary gland in sheep (original) 
1-caudal superficial epigastric artery; 2- right cranial mammary artery; 3- left cranial 
mammary artery; 4- accesory mammary lymph node; 5- external pudic artery and 

vein; 6- lateral mammary artery; 7- common trunk of papillary arteries; 8- mammary 
lymph node 
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Fig.3 Mammary gland vascularity in sheep (ventral view) (original) 
1- caudal superficial epigastric artery; 2- medial mammary artery; 3- papillary 

system; 4- lateral mammary artery; 5- external pudic artery; 6- caudal mammary 
branch; 7- caudal superficial epigastric vein; 8- median cranial mammary vein; 9- 
medial cranial mammary vein; 10- median mammary vein; 11- lateral mammary 

vein; 12- external pudic vein; 13- caudal mammary veins 

 
 

  
 

Fig.4 Topography of mammary limphnodes in sheep 
1- external pudend artery; 2- mammar lymph nodes; 3- caudal mammary branch; 

4- afferents of mammary lymph nodes 
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At the level of the mammary lymph nodes, the external pudendal artery 
emits a caudal mammary branch and it continues through the ventral labial artery. 

At small ruminants, the same as the cow the medial and lateral branches of 
the external pudendal artery forms a perisinusal artery. Unlike the cow, at the small 
ruminants, this perisinusal network appears less developed. 

The veins have their origin at the mammary level from a annular network 
situated circular from the papillary duct (Fig.2). In 10% of the cases, the blood is 
drained by the external pudendal vein (Fig.3). On every part of the mammary gland 
appears one lymph node with a size of 2 cm (Fig. 4). 
 

Conclusions 
 

At ruminant the lymph nodes appear disposed at the caudal extremity of 
the mammary gland. 

In 10% of the cases (cow) it could be observed two, three reduced and 
profund lymph nodes. 

The superficial lymph nodes can be palpated transcutaneous 
The external pudendal artery at ruminants emits 3 branches. 
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Summary  
 

Although the golden jackal is considered the most representative species of the 
genus Canis, there are relatively few anatomical descriptions of its various systems. The aim 
of the present study was to perform a detailed description of the external conformation of the 
liver and hepatic ligaments. Using the anatomical dissection technique seven subjects 
belonging to the golden jackal specie were studied. The liver was divided into two territories 
(the right and left) by the falciform ligament, the largest part being in the right side. The two 
territories were divided by deep fissures in six obvious lobes: right lateral hepatic lobe 
(RLHL), right medial hepatic lobe (RMHL), left medial hepatic lobe (LMHL), left lateral 
hepatic lobe (LLHL), quadrate lobe (QL) and the caudate lobe (CL). The caudate lobe was 
subdivided in the caudate (CP) and papillary process (PP). The peritoneum covered almost 
the entire surface of the liver. Its reflection on the diaphragm formed the coronary ligament, 
whose borders were continued on both sides by the two obvious triangular ligaments: right 
and left. Cranially, this ligament was found in relation with the dorsal part of the falciform 
ligament. The falciform ligament was incomplete in all subjects, missing its insertion on the 
abdominal wall. The hepato-renal ligament connects the caudate lobe to the cranial pole of 
the right kidney. The lesser omentum, whose free edge contained the right portal vein, the 
bile duct, and the hepatic artery and veins, connecting the porta of the liver to the proximal 
duodenum, formed the hepato-duodenal ligament. The left side of the lesser omentum 
connected the liver to the left side of the esophagus and to the small curvature of the 
stomach, forming the gastro-hepatic ligament. In conclusion, liver lobes and connecting 
elements of the liver in golden jackal are similar to those described in the domestic dog. 

Keywords: liver, hepatic ligaments, morphology, golden jackal 

  

The liver is the largest accessory gland of digestive system and also it is 
the largest organ of the body, having important and vital functions. The most 
important function is related to the liver’s involvement in protein, carbohydrate and 
fat metabolism, depending on the liver situation astride the blood stream draining 
the gastrointestinal tract. The wide interspecific variation in size is explained by its 
metabolic function in different species: between 3-5% of body weight in carnivores, 
2-3% in omnivores and 1-1.5% in herbivores. Liver anatomy could be described 
using two different concepts of morphological and functional anatomy. In domestic 
animals, the liver shows variations in form, topography and volume, which have no 
influence on its organization and function. Although extended across the median 
plane, the most part of the liver lies to the right in the majority of the species. Using 
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as a division landmark the falciform ligament, from the diaphragmatic surface, and 
the round ligament on the visceral surface, the classical description of liver has 
defined two territories: left and right, each of it with various numbers of divisions. 
The lobation pattern shows many features among species and there is a 
continuous concern to determining the homologies of individual lobes and fissures. 
Modern concepts minimize the importance of delineation by external fissure and 
rely more on the internal configuration based on the internal ramification of the 
vessels and billiary tree. This concept is important from a surgical perspective. In 
all mammals, the liver is covered by the peritoneum, except a small area of hilum, 
gallbladder fossa and a small bare area near the cava vein. The liver is firmly 
attached to the diaphragm by the falciform, coronary and triangular ligaments. The 
presence and developing of these ligaments is variable among different species. 
The lesser omentum which passes from the small curvature of the stomach and 
proximal duodenum to the liver hilum is a more fragile attachment of the liver. The 
aim of this study is to provide a detailed morphological description of the liver and 
its attachments in Golden Jackal. 
 

Materials and methods 
 

Seven adult subjects, four male and three female, of Golden Jackal were 
studied. The subjects were hunting harvest, being part of an ongoing anatomical 
study. A mild laparotomy followed by lateral transverse incisions of the abdominal 
walls was performed. The liver, its ligaments, the abdominal organs and their 
relationship were recorded. Pictures were taken using a Nikon D60 digital camera. 
The hepatic ligaments were incised and the liver and abdominal organs were 
extracted from the abdominal cavity to be examined separately. Terms were used 
in agreement with NAV 2012. The Institutional Bioethics Committee of University of 
Agricultural Science and Veterinary Medicine in accordance to Directive 2010/63 
/EU of the European Parliament and of the Council on the protection of animals 
used for scientific purposes approved the study.  
 

Results and discussions 
 

Topography, surfaces, borders and relations 
The liver was situated almost entirely in the intrathoracic part of abdominal 

cavity, occupying a central position with only a slight bend to the right side. The 
diaphragmatic or parietal surface (Facies diaphragmatica) was molded to the 
abdominal surface of the diaphragm, being extremely convex in all directions (Fig. 
1). The components of this surface were positioned bilaterally on the sides and 
dorsally. The ventral border touched only a small adjacent part of the abdominal 
wall. In situ, four lobes were visible on the diaphragmatic surface, which was 
apparently divided by the falciform ligament into two territories: the right and left. 
The right territory stretches from the sixth intercostals space to the last (twelfth) 
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intercostals space. On the left side, the liver extension stretches until the tenth 
intercostal space. The asymmetry was caused by enlargement of the caudate 
process beneath the last rib, where it makes contact with the right kidney. Related 
to the median plane, in domestic mammals, the liver is asymmetrical, less so in the 
dog, more so in the pig and horse, and most in cattle, in which the bulk of the organ 
is displaced to the right by the volume of the pregastric compartments (1,2). In all 
subjects, the ventral border slightly surpassed the costal arches.  

 

 
Fig. 1. The convex diaphragmatic surface and liver topography. D-diaphragm; 

LMHL-left medial hepatic lobe; LLHL-left lateral hepatic lobe; 0-omentum; S-spleen; 
QL-quadrate lobe; RMHL-right medial hepatic lobe; Falciform ligament-down arrow 
 

On the cranial part of this surface a tiny cardiac impression was present. In 
the middle of the dorsal border, the caudal vena cava notch (Sulcus venae cavae) 
was obvious and deep, but very short. Related to this, most experiments with total 
hepatectomy have been done in dogs. But in this species, extirpation is difficult. 
The anatomic basis for this is the close proximity of the subdiaphragmatic inferior 
vena cava to the liver. In normal conditions the removal of the liver is impossible 
without excision of a segment of the inferior vena cava. Though, performing a side-
to-side port-caval shunt, followed by a femoral-jugular bypass for decompression of 
the caval and portal venous systems and ligation of hepatic veins at their entry into 
the vena cava, the cephalic drainage of the portal and caval systems is unimpeded, 
and experimental hepatectomy is possible. The esophageal impression (Impressio 
esophagea), lying on the left of the caudal vena cava groove was noted. 
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Fig. 2 The visceral surface of the liver. Note the clear delineation of hepatic lobes. 
GB-galbladder; Arrow-bile duct in the free margin of hepato-duodenal ligament; St-

stomach; Dd-duodenum; CL-caudate lobe 
 
The visceral surface (Facies visceralis) was deeply concave being 

caudoventrally and to the left oriented and slightly marked by an oblique ridge, 
corresponding to the small curvature of the stomach (Fig. 2). On the left of this 
ridge, assessed as omental tubeculum (Tuber omentale), the lesser omentum 
(Omentum majus) was inserted. In five subjects, in whom the stomach was replete, 
this ridge has separated two parts. The left part was occupied by the body and the 
fundus of the stomach. The right part was in relation with the pyloric part of the 
stomach, the proximal duodenum, the right branch of the pancreas and the right 
kidney. Except pancreas, all mentioned structures have made less or more 
pronounced impressions on the liver lobes, giving an irregular pattern of this 
surface.  

The gastric impression (impressio gastrica) was pronounced, occupying 
almost the left half of the visceral surface. The pyloric part of the stomach has 
produced a narrower, oblique impression across the middle of the liver, leading 
away to the right, where it was in relation with the caudal face of the gallbladder. In 
two subjects in whom the stomach was empty, the gastric impression was reduced 
of a shallow impression on the left lobe and a large convex area was related to the 
small intestines through a mass of omentum. The intestines have left no impression 
on the visceral surface of the liver.  

The duodenal impression (Impressio duodenalis) was noted between the 
right medial lobe and the quadrate lobe as the most cranial impression of the 
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visceral surface. The right lobe of the pancreas was in relation with the cranial and 
descending segment of the duodenum, touching the right medial lobe of liver, but 
leaves no impression.  

The renal impression (Impresio renalis) was the deepest and most obvious 
impression situated on the dorsal part of the caudate process and on the 
corresponding border of the right lateral lobe. This impression was like a deep 
hemispheric fossa in which the cranial pole of the right kidney has been projected. 
The right kidney was more than a half covered by the caudate process of the liver.  

On the dorsal third of the visceral surface the porta (Porta hepatis) or hilum 
of the liver was situated. Through the porta, on the dorsal side the arteries and 
nerves enter, in the middle the portal vein enters and, at the ventral side of it, the 
bile duct leaves the liver. Around the porta, the liver mass was thicker and to the 
porta series of deep fissures have converged. These fissures have defined six 
lobes.  

Dorsal, ventral, right and left borders (Margo dorsalis, ventralis, dexter et 
sinister) were sharp edged being continuous at the periphery of the liver. The 
dorsal margin was formed of the caudal vena cava notch and oesophagus notch. 
Between the quadrate lobe on the right and the left medial lobe on the left, the 
fissure for the round ligament (Fissure lig. teretis) was noted.  
Lobes of the liver 

The liver was divided in six lobes by deep fissures that have converged 
near to the porta of the liver and the caudal vena cava notch. Each lobe was 
somewhat attached to the hilum by a thick peduncle. The following lobes were 
identified: right lateral hepatic lobe (RLHL), right med al hepatic lobe (RMHL), left 
medial hepatic lobe (LMHL), left lateral hepatic lobe (LLHL), quadrate lobe (QL), 
and caudate lobe (CL) (Fig. 3,4) The external surface anatomy is different from the 
functional anatomy which is based on the vascular and biliary disposition and 
relationships (2,3). 

The right lateral hepatic lobe (Lobus hepatis dexter lateralis), was 
covered on the diaphragmatic surface by the right medial lobe in its cranial part. On 
its turn, caudally, the right lateral lobe overlapped the caudate lobe. These two 
lobes were fused lateral to the caudal vena cava. Its ventral border was at the level 
of the middle third of the right medial lobe. The right medial hepatic lobe (Lobus 
hepatis dexter medials) was longer than right lateral hepatic lobe being fused on its 
medial part to the quadrate lobe, near to the fossa of the gallbladder leaving only a 
short fissure which separates the two lobes. The right half of the gallbladder fossa 
was situated on the medial part of this lobe. The caudal border of the right medial 
lobe is the portion that lies beyond the ventral portion of the costal arch. Viewed 
from the diaphragmatic surface this lobe has a triangular shape, its base being 
attached to the porta of the liver. 
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Fig. 3. The shape and size of the liver lobes. The medial lobes (LMHL and RMHL) 

covers the medial surface of the lateral lobes (LLHL and RLHL). The left lateral 
hepatic lobe-LLHL is the largest lobe. CP-caudate process; PP-subdivided papillary 

process; The coronary ligament-up arrow and its lateral extensions, left and right 
triangular ligaments-horizontal arrows 

 

 
Fig. 4. The visceral surface of the liver. Between the quadrate lobe and right medial 
hepatic lobe, the gallbladder fosa-GBf was delimited. The large caudate process-

PC show a large renal imprint-down arrow. Duodenal impression-DdI was obvious. 
The omental tuber-up arrow protruding to the lesser curvature of the stomach 
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The left medial hepatic lobe (Lobus hepatis sinister medialis) was smaller 
and prismatic. It was almost completely separated from the left lateral lobe by a 
deep fissure extended to the porta. Dorsally the left medial lobe was joined to the 
left lateral lobe by a narrow band of liver tissue. Between the left medial lobe and 
right medial lobe and quadrate lob, midsagittal oriented, was noted a deep fissure 
containing the round ligament of the liver in the free edge of falciform ligament. The 
left lateral hepatic lobe (Lobus hepatis sinister lateralis) was the largest, oval in 
outline, being located entirely to the left of the median plane. On the diaphragmatic 
surface, in its medial part, was covered by the left medial lobe and on the visceral 
surface this lobe covered a small area of the quadrate lobe. The dorsal part of the 
left lateral lobe was extended from the left pillar of the diaphragm in ventral 
direction, to the left portion of the tendinous center continuing till the left muscular 
portion of the diaphragm. It becomes larger in the middle part to be narrower again 
near to the last sternebra. The body and the fundus of the stomach were positioned 
on the visceral surface. The papillary process of the caudate lobe covered the 
central part of the left lateral lobe. On the visceral surface of this lobe, protruding 
toward the lesser curvature of the stomach, the omental tuber was visualized 
adjacent to the lesser omentum insertion. The caudate lobe (Lobus caudatus) was 
composed of papillary and caudate processes joined by an isthmus formed from a 
band of liver tissue. The papillary process (Processus papillaris) was pyramidal in 
shape, being partly subdivided by a fissure into two small processes, the dorsal 
one being smaller than the ventral portion. The papillary process was 
accommodated to the lesser curvature of the stomach. Its orientation was cranially 
and to the left from its attachment to the isthmus. The caudate process (Processus 
caudatus) was the most caudal portion of the liver, touching the level of the twelfth 
intercostals space. The right kidney imprint was very deep on its caudolateral 
portion, covering almost a half of the right kidney. 

Liver attachments 
The liver was attached to the diaphragm by continuation and reflection of 

the peritoneal covering in the form of the coronary ligament and several small folds 
which were radiating from it (Fig. 5,6). These small folds were the left and right 
triangular ligaments and the small falciform ligament (Fig. 5).  

The coronary ligament (Lig. coronarium hepatis) was short, composed by 
two separate layers of peritoneum which delimited the triangular bare area (area 
nuda) of the liver. On the right side, the upper layer and the lower layer were joined 
and formed the right triangular ligament. The right triangular ligament (Lig. 
triangulare dexrtrum) was extended between the diaphragm and the dorsal part of 
the right lateral lobe. Also, a small fold between the right medial lobe and 
diaphragm was noted.  
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Fig. 5 Liver attachments. The small falciform ligament-FL extends from the dorsal 
end of the fissure between the medial lobes to the coronary ligament-CL. LTL-the 
left triangular ligament between the LLHL and diaphragm; RTL-the the short right 

triangular ligament 
 

 
Fig. 6. The lesser omentum attachments to the liver. HGL-the hepato-gastric 

ligament; HDL-the hepato-duodenal ligament. St-stomach; Dd-duodenum 
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The left triangular ligament (Lig, triangulare sinistrum) was larger than its 
right counterpart, making the connection between the dorsal part of the left lateral 
lobe and the junction of the phrenic center with the left pillar of the diaphragm. The 
falciform ligament (Lig. falciforme hepatis) (Fig. 5) was extended like a thin 
avascular fold, from the dorsal end of the main fissure between the medial lobes, to 
the coronary ligament. It was incomplete in all subjects, the abdominal part being 
incorporated in a fat band of tissue extended between umbilicus to the diaphragm. 
The hepatorenal ligament (Lig. hepatorenale) (Fig. 6) was well visualized 
between the caudate process and the medial border of the right kidney. The degree 
of attachment and insertion of this ligament is various between species (4). The 
liver was also attached to the lesser curvature of the stomach by the 
hepatogastric ligament (Lig. hepatogastricum) and to the duodenum by the 
hepato-duodenal ligament (Lig. hepatoduodenale), derived from lesser omentum 
(Omentum minus). The lesser omentum attachments to the liver are present in all 
mammals (5). 

 
Conclusions 

 
Anatomic delineation made by falciform ligament divides the liver into two 

territories, the right and left, approximately equal. 
The Golden Jackal’s liver is composed of six lobes, delimited by deep 

fissures. 
The falciform ligament is incomplete. The coronary ligament is continued 

bilaterally with the triangular ligaments.  
The liver of the Golden Jackal resembles the morphology of the domestic 

dog liver. 
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Summary  
 

The golden jackal is one of the species with an ongoing expansion in south-eastern 
Romania. The distribution, ecology and dietary habits are related to its high adaptability to 
various environments. The teeth of the golden jackal are adapted to the type of nutrition, 
being reflected both on the crown and on the root morphology. The aim of the present study 
was to perform a detailed morphological description of the root of the teeth in golden jackal. 
The dentition of seven golden jackals (four male and three female) was directly and 
radiologically examined. The golden jackal dental formula was I 3/3 C1/1 PM4/4 M2/3 x 
2=42 teeth. The incisors (I), placed perpendicular on the two arches, had a long and strong 
root, laterally compressed and a slightly blunt apex. Maximum canine tooth development (C) 
was found at its root, both in terms of its width and thickness. The vestibular side of the root 
was very convex while the lingual side was plane. The canine apex was narrow, quickly 
closed, to strengthen the strong root implantation. The canine root extended until the mesial 
root of the second premolar tooth. Both the upper precarnassials (premolar) teeth (PM I, II, 
III) and the lower (PM I, II, III and IV) presented two roots, the distal root being stronger than 
the mesial one. The upper carnassials tooth (or the last upper premolar tooth, PM IV) and 
the two upper postcarnassials (M I and M II) had three roots: two vestibular roots and one 
lingual root. The two roots of the lower carnassial tooth (M I) have a divergent orientation, 
being quite separate. The first lower postcarnassial tooth (MII) presented two roots, and the 
second (MIII) presented only one. In conclusion, the detailed description of the root of the 
tooth in golden jackal makes a substantial contribution to the knowledge of the biology of this 
species.  

Key words: dentition, golden jackal, root, morphology 

 

Carnivore teeth specialization is more or less pronounced depending on 
the family to which they belong. Compared with other animals, carnivores have two 
teeth with a very particular strength: the canine and carnassials. Thus, situated at 
the entrance into the mouth is the canine tooth, long, strong and sharp, and the 
most caudal, a premolar (on the upper jaw) or a molar (on the lower jaw), present 
only in carnivores, called carnassials (Dens sectorius). Due to their function, the 
canines have become more efficient by reducing the adjacent teeth volume and 
developing a strong root. In contrast to the canine teeth, which are long and strong 
in all carnivores, the carnassials reflect more clearly the adaptation to different 
diets. In Ursidae, the bunodont aspect is related to the variety of foods, but in 
Hyaenidae and Felidae, they show an exceptional development. In these species, 
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belonging to the Carnivora order, the shortness of the face and consequently of 
levers of mastication, along the multiple root, gives them maximum efficiency.  
 

Materials and methods 
 

Seven adult golden jackals (Canis Aureus Moreoticus) were examined, 
four male and three female. The subjects were hunting harvest, being part of an 
ongoing study of the anatomical description on various systems in golden jackal. 
The oral cavity and teeth were examined before and after exposure of the oral 
cavity. The crowns of the teeth were macroscopically examined in situ. The roots of 
the teeth were examined using panoramic radiography and after panoramic 
reconstruction in axial and sagittal slices using cone beam computed tomography. 
The entire study was conducted in accordance with the Protocol on Medical Ethics 
and in compliance with the Directives 63/2010 of the European Parliament and of 
the Council on the Protection of Animals Used in Scientific Research.  

 
Results and discussions 

 
All subjects had a heterodont, diphyodont and brachiodont type of 

dentition. The teeth have short crowns (Fig. 1), covered only with a thick layer of 
enamel, obvious neck and long roots covered by cement.  

 

 
Fig. 1 The pattern of dentition in Golden Jackal. I-three incisors; C-one canine; 
uPM-four upper premolars from which one is carnassials-Ca; lPM-four lower 

premolar; lM-three lower molars from which one is carnassials-Ca 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIX(1), 2016, TIMIŞOARA 
 

 207 
 

 The presence of heterodont type of dentition is adaptation to the feeding 
behavior based mainly on hunting in carnivores (1,2) compared with herbivores 
dentition (4). In all subjects the dental formula for permanent dentition was I 3/3 C 
1/1 PM 4/4 M 2/3 X 2 = 42 teeth (Fig. 1). The small incisors (Dentes incisivi) were 
implanted perpendicularly into the rostral extremity of the end of both jaws (Fig. 2).  
 

 
Fig. 2 The panoramic reconstruction of the upper and lower jaws on cone beam 
computed tomography showing the root disposition. I-incisors root; C-long and 

strong canine root; Down arrow-roots of the second and third upper premolars; Up 
arrow- the vestibular roots of the upper carnassials. 

 
Their crown was short but their roots were three times longer than the 

crown, increasing in size further away from the median plane. The roots of the 
incisors were flattened from side to side being strongly implanted in the alveoli of 
the incisive and maxillary bones. The neck was well defined. The canine teeth 
(Dentes canini) were the longest teeth, both in crown and root length, slightly 
flattened and curved. The neck was less distinctive. Their roots were two times 
longer than the crowns. On the superior jaw, the canines’ roots were wider than the 
crown in the midalveolar region, and then slightly narrowed to be finished into a 
sharply cut apex (Fig. 3).  

The superior and inferior canine roots were deep implanted, their apex 
being located adjacent to the apices of the mesial root of the second premolar 
tooth. The root of the superior canine was parallel to the maxillary bone, while the 
root of the inferior canine crossed the mandible. This aspect is present in domestic 
dog too, being important in surgical approach of canine extraction. Also, in 
domestic dogs, the sexual dimorphism was reported regarding the length and width 
of the crowns and root of the canine teeth. In males, the crowns of the canine teeth 
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were 23% longer and 26% wider and the roots were 40% longer and 50% wider 
than in female (2,3).  

 

 
Fig. 3 The root of the canine-C, with the apex located adjacent to the mesial root of 
the second premolar-horizontal arrow. Note the simple root of the first premolar-up 

arrow 
 

 
Fig. 4 The two divergent strong roots of the lower carnassials – up arrow and the 
small roots of the first postcarnassial tooth-down arrow. The last postcarnassial 

tooth has only a single root 
 
A small diastema was present on each arch between the lateral incisor and 

the canine tooth, being slightly larger on the upper arch. Next to the canines, or 
next to the diastema in species in which the canines are missing, the premolars 
and molars are implanted. In our subjects, as in the domestic dogs, four premolars 
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(Dentes premolares) were present on each quadrant, the first three premolars 
being assessed as precarnassials teeth and the last premolar as upper carnassials. 
Their roots were different, related to the crown feature and location. The first 
premolar tooth or the first precarnassial is the smallest, having a simple crown and 
a simple root. The second and the third premolars presented two roots - mesial and 
distal, equally spaced. The fourth upper premolar was assigned, as in dogs, as the 
carnassials or sectorial tooth (Dentes sectorius), being one of the strong teeth in 
the mouth. It has three divergent roots: mesiovestibular, mesiolingual and distal, 
each of them prolonging one of the crown lobes. The mesiovestibular and 
mesiolingual roots were tiny compared to the large distal root. The mesiovestibular 
and the distal root have the same orientation, being in relation with the ventral 
border of the infraorbital channel. In domestic dogs, due to the pattern of upper 
carnassials root, and its closer vicinity to the infraorbital channel, it is frequently the 
location of dental root abscess. The clinical manifestation is the appearance of a 
suborbital swelling or the presence of a fistula located in the mouth at the 
mucogingival junction (5). Each of the two upper molar teeth has three divergent 
roots: one short, but strong lingual root, and two vestibular long roots. Regarding 
the lower jaw, the last premolar tooth has two roots: mesial and distal. There molar 
teeth were implanted on the mandible. The first molar tooth on the mandible was 
the strongest tooth in the mouth being assigned as lower carnassials. It has only 
two divergent, but strong roots (Fig. 4), each of it being separated by a distinct 
neck. The last two lower molars were smaller than the uppers, being assigned as 
postcarnassials teeth. The first postcarnassial lower tooth has two divergent roots 
and the last lower molar has one root. This aspect is found in the domestic dog too 
(1,2). 
 

Conclusions 
 

In Golden Jackal, the incisors have strong perpendicular roots, three times 
longer than the crown, strongly rooted.  

The canine tooth has a strong and curved root. The upper carnassials have 
three divergent roots while the lower carnassials have two distinct roots. 

Generally, the Golden Jackal dentition is similar to that of the domestic 
dog. 
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