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INFLUENCE OF RAPE SEEDS THERMAL PROCESSING
ON THE LIMITATION OF LYPOLYSIS PROCESSES AND
BIOHYDROGENATION OF UNSATURATED FATTY ACIDS
IN RUMEN (PARTI)

Robert Bodkowski, Bozena Patkowska-Sokota,
Wojciech Zawadzki

Wroctaw University of Environmental and Life Sciences'

Abstract. The aim of the present work was to assess the efficiency of thermal treatment of
rape seeds in the reduction of its fat lypolysis in rumen and unsaturated fatty acids biohy-
drogenation. The studies were conducted using in sacco method with polyamide sacs on
6 rams of Merino breed with simple fistula of rumen. The protection of caked rape seeds
involved its thermal processing at temperature 120°C for 30 minutes. Raw and thermally
processed rape seeds were incubated in rumen for 2, 4, 8, 16 and 24 hours and thermal
decomposition of air dry mass, raw fat, fatty acids with various degree of saturation and
particular fatty acids were studied. On the basis of the obtained results, it was found that
thermal processing of rape seeds resulted in significant reduction of occurring in rumen
lypolysis of their fat and biohydrogenation of unsaturated fatty acids (mono- as well as
polyunsaturated). Moreover, it was found that in the seeds that were processed with thermal
method, monounsaturated fatty acids were protected better than polyunsaturated ones.

Key words: rumen, rape seeds, thermal protection, fat and unsaturated fatty acids

INTRODUCTION

Fats of animal origin contain mainly saturated fatty acids that favor the development
of various diseases referred as civilization ones [Ziemlanski and Budzynska-Topolowska
1991].

In the case of monogastric animals, the advantageous modification of fatty acids profi-
le (increase in the content of unsaturated fatty acids and decrease in saturated ones) can be
obtained by an enrichment of their diet with vegetable fat rich in unsaturated fatty acids
[Ajuyah et al. 1991, Chachutowa et al. 1997, Morgan et al. 1992].

Corresponding author — Adres do korespondencji: Robert Bodkowski, Institute of Animal Breed-
ing, Wroctaw University of Environmental and Life Sciences, ul. Chelmonskiego 38C, 50-630
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However, the modification of fatty acids composition in ruminants is more difficult,
due to a specific structure of their digestive tract and microflora present in their stomachs.
Exceeding the fat level in diet of ruminants above 5-7%, disadvantageously influences
metabolism and digestion in rumen [Grummer 1988]. Moreover, reducing environment
of rumen causes that the majority of unsaturated fatty acids are subject to hydrogenation
process in rumen [Mills et al. 1970].

One of the methods to avoid reduction of the quantity of fat in the diet for ruminants
as well as protection of unsaturated fatty acids from transformation in rumen, is the appli-
cation of fat in the protected form.

The aim of the present work was to assess the effect of thermal processing of caked
rape seeds on the reduction of the processes of their fat lypolysis and biohydrogenation of
unsaturated fatty acids in rumen.

MATERIAL AND METHODS

In the preliminary studies on rape seeds of “00” species, the analyses of the content of
dry matter, total protein and raw fat [Ladonski and Gospodarek 1986] as well as determi-
nation of fatty acids profile were conducted.

In order to perform chromatographic determination, caked samples of rape seeds were
esterified twice with Folch mixture (chloroform in methanol in the ratio 2:1). Lipid frac-
tion of fat isolated in this way, after filtration through anhydrous sodium sulfate, was
subject to hydrolysis with 0.5 mol/dm’ of KOH and esterification with 14% BF in the
presence of methanol. In the next stage, methyl esters of fatty acids in the quantity 1ul
were transferred to gas chromatograph PU4410 (Philips) with flame-ionic detector (FID)
and 105 m long capillary column Rtx-2330 at Industrial Chemistry Research Institute,
Warsaw, Poland.

In the experimental part at the laboratory of Institute of Animal Breeding, Wroctaw
University of Environmental and Life Sciences, caked rape seeds of “00” species were
processed thermally. The protective agent was temperature of 120°C for 30 minutes. In
the prepared seeds, the content of the dry matter, total protein and raw fat and the compo-
sition of fatty acids was determined again.

In the second part of the study, decomposition of air dry matter (PSM) and raw fat
(TS) as well as mono- and polyunsaturated fatty acids in both raw and prepared seeds was
assessed. The studies were conducted with in sacco method with the application of poly-
amide sacs on 6 rams of Polish Merino breed with simple fistula to the rumen. In order to
perform the study, 4 g of raw and protected with thermal method caked rape seeds were
introduced to the rumen and incubated for 2, 4, 8, 16 and 24 hours. The experiment was
conducted in the following system: 1 sac x 6 animals, that is in 6 repetitions for each type
of the material studied and incubation time, according to the procedure given by @rskov
and McDonald [1979]. Due to insufficient quantity of the material studied that remained
after incubation, in order to perform further analyses, the samples were simultaneously
incubated and raw fat (in two repetitions) and the fatty acids composition were deter-
mined. Extraction of fat and chromatographic analyses of fatty acids composition were
carried out at Industrial Chemistry Research Institute, Warsaw, Poland.

Acta Sci. Pol.



Influence of rape seeds thermal processing ... 5

To assess the significance of differences between analysed parameters of PSM, TS
and fatty acids, SAS (1996) statistical software was used.

Due to very low levels of the analyzed parameters (obtained by longer incubation
times in the rumen), all the results presented in tables were 100-times multiplied.

RESULTS

Table 1 presents the chemical composition of rape seeds and their fatty acids profile.

The content of total protein in rape seeds was 19%, and of raw fat 46 %. About 89%
of all fatty acids in rape seeds consisted of unsaturated fatty acids, and 11% of saturated
fatty acids. In the group of unsaturated fatty acids, monounsaturated fatty acids domina-
ted — 71%, mainly oleic acid C ..

Thermal processing that rape seeds were subject to did not influence significantly the
content of dry matter, total protein and raw fat as well as fatty acids composition (data
not published).

Table 1. The composition of raw rape seeds [%]
Tabela 1. Sktad nasion rzepaku

Specification Content [%]
Wyszczegodlnienie Zawarto$¢
Dry matter — Sucha masa 94.80
Protein — Biatko 19.20
Raw fat — Ttuszcz surowy 46.10

Fatty acids — Kwasy ttuszczowe:
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The results concerning the rate of decomposition of raw and thermally processed rape
seeds and lypolysis of their fat in rumen are presented in table 2.

Decomposition of fat in raw rape seeds after 2 hours of incubation was 67%; after 4
hours — 77%,; after 8 hours — 90%, however after 16 and 24 hours almost 100%. In the
case of processed seeds, decomposition of fat was as follows: 44%; 56%; 74%; 85% and
89%. The differences detected in the rate of lypolysis of raw fats and thermally prepared
rape seeds were statistically highly significant.

Medicina Veterinaria 9(3) 2010
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Table 2. Decomposition of dry matter and fat in raw and thermally processed rape seeds in rumen
of sheep [g]

Tabela 2. Rozktad w zwaczu suchej masy oraz ttuszczu w surowych i poddanych obrébce termicz-
nej nasionach rzepaku

Time of seeds incubation in rumen [hours]

WSp ec1ﬁc,altl.on . ;yge (?f seejds Czas inkubacji nasion w zwaczu [godz.]
zczegolnieni zaj nasion

yszczegolnienie odzaj nasio 0 > 2 P 6 7
Dry matter Raw — Surowe 400.0 150.94  103.5%  47.6* 21.24 11.74
Sucha masa Protected — Chronione 400.0 240.0~  194.5%  166.0®8  107.9% 96.8°
Raw fat Raw — Surowe 184.6 60.6* 42.44 19.34 1.74 0.94

Thuszez surowy  Protected — Chronione 188.2 104.68 82.78 49.88 27.38 21.48

A,B — difference significant on the level of P<0.01 — A,B — r6znice istotne na poziomie P<0,01

Table 3 presents the results concerning the degree of unsaturated fatty acids decom-
position.

After 2, 4, 8, 16 and 24 hours of incubation, decomposition of unsaturated fatty acids
in raw and processed rape seeds was 67 and 45%; 77 and 56%; 90 and 74%; 99 and 86%,
99 and 89%, respectively (all differences were statistically highly significant).

Table 3. Decomposition of fatty acids with different degree of saturation of raw and processed
thermally rape seeds in rumen [g]

Tabela 3. Rozktad w Zwaczu kwasow tluszczowych o réznym stopniu nasycenia w surowych
i poddanych termicznej obrobee nasionach rzepaku

Fatty acids [g)]

Incubation time Kwasy thiszezowe

Type of seeds [hours] Pol turated
Rodzaj nasion Czas inkubacji  Unsaturated ~ Monounsaturated 2 oo UTate
. . Wielonienasy-
[godz.] Nienasycone  Jednonienasycone cone

Raw / Surowe 0 163.6 117.1 46,5

Protected / Chronione 167.3 118.0 49,2

Raw / Surowe 2 53.6* 40.9* 12,74

Protected / Chronione 91.98 70.6° 21,28

Raw / Surowe 4 37.54 28.74 8,6

Protected / Chronione 73.58 56.6° 16,98

Raw / Surowe 8 16.44 13.24 3,24

Protected / Chronione 43.18 34.08 9,18

Raw / Surowe 16 1.4~ 1.74 0,14

Protected / Chronione 23.28 20.28 3,08

Raw / Surowe 24 1.34 1.24 0,084

Protected / Chronione 18.98 16.8° 2,18

A, B — differences significant on the level of P<0.01 — A, B — rdznice istotne na poziomie P<0,01
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Influence of rape seeds thermal processing ... 7

The process of rape seeds heating also reduced the rate of single unsaturated fatty
acids biohydrogenation in rumen. In the case of seeds that were prepared with thermal
method, the process of biohydrogenation of oleic C ,, (fig. 1), linoleic C,, (fig. 2) and

linolenic C  , (Fig. 3) acids was significantly slower than raw seeds.

18:2
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NN NN N
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0 2 4 8 16 24
Incubation time [hours] — Czas inkubacji [godz.]

Mraw rape seeds — surowe nasiona rzepaku

Othermally processed rape seeds — nasiona rzepaku poddane obrobce termicznej

Fig. 1. Decomposition of oleic acid C18:1 in raw and thermally processed rape seeds after incuba-
tion in the rumen [g]

Rys. 1. Rozktad kwasu oleinowego C18:1 w surowych i poddanych obrobce termicznej nasionach
rzepaku po inkubacji w zwaczu

(g

0 2 4 8 16 24
Incubaction time [hours]— Czas inkubacji [godz.]

Braw rape seeds — surowe nasiona rzepaku

Othermally processed rape seeds — nasiona rzepaku poddane obrobce termicznej

Fig. 2. Decomposition of linoleic acid C18:2 in raw and thermally processed rape seeds after incu-
bation in the rumen [g]

Rys. 2. Rozktad kwasu linolowego C18:2 w surowych i poddanych obrébce termicznej nasionach
rzepaku po inkubacji w zwaczu

Medicina Veterinaria 9(3) 2010
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0 2 4 8 16 24
Incubaction time [hours] — Czas inkubacji [godz.]

Braw rape seeds — surowe nasiona rzepaku

DOthermally processed rape seeds — nasiona rzepaku poddane obrobee termicznej

Fig. 3. Decomposition of linoleic acid C18:3 in raw and processed thermally rape seeds after incu-
bation in the rumen (g)

Rys. 3. Rozktad kwasu linolenowego C18:3 w surowych i poddanych obrébce termicznej nasio-
nach rzepaku po inkubacji w zwaczu (g)

DISCUSSION

In the present study, the effect of rape seeds thermal processing on the reduction of
some transformations that occur in their fat in rumen of ruminants was investigated.

The obtained results enabled to assess that the process of rape seeds thermal proces-
sing significantly reduced the rate and the extent of lypolysis of fat and biohydrogenation
of unsaturated fatty acids in the rumen.

The application of high temperature (120°C for 30 min) resulted in partial denatu-
ration of protein of rape seeds which decreased their susceptibility to proteolysis and
deamination in the rumen. Due to the increase of the resistance of protein integuments on
microbiological proteolysis of fat molecules in non-disintegrated form, the seeds passed
through the rumen (pH 6-7) into stomach, where more acidic environment (pH 2-3)
caused hydrolysis of protein integument and release of fat. For this reason, enzymatic
decomposition of fat to fatty acids occurred not in the rumen but in small intestine.

The efficiency of thermal method in the protection of fat from other seeds of oil plants
was also demonstrated by other authors [Kowalski et al. 1995, Popiotek 1999].

Interesting results for the protection of fat in plants were also obtained by hydro-
thermal processing that involved heating with water vapor [Koztowska et al. 1987]. The
efficient way of protection of fat is also providing its in the form of calcium or magnesium
salts [Kraszewski et al. 1993, Sklan et al. 1990]. In the case of liquid plant oils, a method
of protection is also encapsulation in hardened gelatin capsules resistant to decomposition
in the rumen [Edmondson et al. 1974, Patkowska-Sokota and Bodkowski 1995, Patkow-
ska-Sokota et al. 1994].

Acta Sci. Pol.



Influence of rape seeds thermal processing ... 9

CONCLUSIONS

1. Thermal processing of rape seeds significantly reduced the rate and extent of fat
lypolysis and biohydrogenation of unsaturated fatty acids in rumen of sheep.

2. In the seeds that were subject to thermal processing, monounsaturated and polyun-
saturated fatty acids were protected to the larger extent against the process of biohydro-
genation.

3. Due to heating treatment of rape seeds, a part of fatty acids, i.e. oleic C , , linoleic
C,,, and linolenic C, ,, passed through the rumen to stomach in an unchanged form.
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WPLYW TERMICZNEJ OBROBKI NASION RZEPAKU
NA ZAHAMOWANIE PROCESU LIPOLIZY TLUSZCZU
I BIOUWODOROWANIA NIENASYCONYCH KWASOW
TELUSZCZOWYCH W ZWACZU (CZESC 1)

Streszczenie. Celem pracy byla ocena wplywu zabiegu ogrzewania nasion rzepaku na
ograniczenie proceséw lipolizy tluszczu oraz biouwodorowania nienasyconych kwasow
thuszczowych w zwaczu. Badania przeprowadzono metoda in sacco, z uzyciem poliamid-
owych woreczkow, na 6 tryczkach rasy merynos z przetokami prostymi do zwacza. Za-
bieg termicznej ochrony zesrutowanych nasion rzepaku polegat na ich ogrzewaniu w temp.
120°C przez 30 min. Surowe i preparowane termiczng metoda nasiona rzepaku inkubowano
w zwaczu w czasie 2, 4, 8, 16 oraz 24 godzin i oznaczano rozktad: powietrznie suchej masy,
thuszczu surowego, grup kwasow tluszczowych o réznym stopniu nasycenia oraz poszc-
zegolnych kwasow thuszczowych. Na podstawie uzyskanych wynikow stwierdzono, ze ter-
miczna obrobka nasion rzepaku statystycznie istotnie ograniczyta proces lipolizy thuszczu w
zwaczu oraz biouwodorowanie nienasyconych kwasow ttuszczowych (zaréwno jedno-, jak
i wielonienasyconych). Ponadto zaobserwowano, ze kwasy tluszczowe jednonienasycone
w wigkszym stopniu chronione byty przed biouwodorowaniem niz wielonienasycone.

Stowa kluczowe: zwacz, nasiona rzepaku, ochrona termiczna, thuszcz i nienasycone kwasy
thuszczowe
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MACRO ANATOMICAL INVESTIGATION
OF THE CERVICOTHORACIC GANGLION
IN NEWBORN PERSIAN CATS

Joanna Kle¢kowska-Nawrot, Norbert Pospieszny,
Maria Witton, Monika Kusz

Wroctaw University of Environmental and Life Sciences in Wroctaw

Sumary. The cervicothoracic or stellate ganglion belongs to the cervical part of sympa-
thetic system. In animals it is formed by the combination of the caudal cervical ganglion
with the first and often second thoracic ganglion. The study was conducted on 20 newborn
Persian cats [7 males and 13 females] coming from the 58th day of gestation. The research
has shown that the cervicothoracic ganglion is formed from the fusion of three or four gan-
glia: the caudal cervical ganglion [GCcal], first thoracic ganglion [GTh1], second thoracic
ganglion [GTh2], third thoracic ganglion [GTh3]. It is situated in C7-8 -Th1-3 segment.
It is characterized by variable location relative to the cervical and thoracic segment of the
vertebral column [skeletotopy] and various shape [oval, oblong, triangular, oblong with
a distinct narrowing]. The morphometry of the examined cervicothoracic ganglion proved
that the longest cervicothoracic ganglion is found on the left side in females [= 3.016 mm],
the shortest on the right side also in females [= 2.790 mm]. The widest ganglion is found
in males on the right side [ = 1.758 mm], the narrowest in females on the left side [= 1.418

mm].

Key words: Persian cats, newborn, autonomic nervous system, sympathetic nervous

system, stellate ganglion

INTRODUCTION

The cervicothoracic or stellate ganglion (ganglion cervicothoracicum s. ganglion stel-
latum) belongs to the cervical part of the sympathetic system (pars cervicalis sympathic)
[Sobocinski 1985, Marciniak and Zidtkowski 1992]. In animals it originates from the
fusion of the caudal cervical ganglion (ganglion cervicale caudale) with the first thoracic
ganglion (ganglion thoracicum I) and often also with the second thoracic ganglion (gan-
glion thoracicum II) [Sobocinski 1985, Kuder 2002]. It is situated between the transverse
process of the seventh cervical vertebra and the neck of the first rib, dorsally from the

Corresponding author — Adres do korespondencji: Joanna Kle¢kowska-Nawrot, Faculty of Vete-
rinary Medicine, Wroctaw University of Environmental and Life Sciences, ul. Kozuchowska 1/3,

51-631 Wroctaw, e-mail: lestat v@poczta.onet.pl
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subclavian artery (a. subclavia) and the beginning of the vertebral artery (a. vertebralis)
[Sobocinski 1985]. In man this ganglion originates from the fusion of the inferior cervi-
cal ganglion (ganglion cervicale inferior) with the first thoracic ganglion. It is situated
between the transverse process of the seventh cervical vertebra and the neck of the first
rib behind the subclavian artery [Collins 1991, Marciniak and Zidtkowski 1992]. The
cervicothoracic ganglion in man is large, irregularly star-shaped and flat; laterally it is
bounded by the thyreocervical trunk (truncus thyreocervicalis) and covered by the endo-
thoracic fascia (fascia endothoracica) and parietal pleura (pleura parietalis) [Bochenek
and Reicher, 2002].The cervicothoracic ganglion in cat is 3—4 mm wide and stellate the
shape. It is situated into the left and right side in 1* intercostal space, under the longus
colli muscle [Konig 1992]. Perman [1924] described the nerves supplying the heart in the
pig, which branch off from the cervicothoracic ganglion. The study was a continuation of
the research conducted by Pospieszny [1987], Kle¢kowska et al. [2003] and Kleckowska-
Nawrot et al. [2007]. The subject of these studies was the morphological analysis of the
ganglion in the pig from the 9" week of gestation [Kle¢kowska et al. 2003] and the 10™
week of gestation [Pospieszny 1987] and in fetuses of the American Staffordshire terriers
from the 62" day of gestation [Kle¢kowska et al. 2007].

MATERIAL AND METHODS

The studies were conducted on 20 newborn Persian cats [7 males and 13 females]
constituting the contents of 14 uteri. The material came from the 58" day of gestation.
The infant cats were born dead or died soon after the delivery. Their age was determined
on the basis of the CRL (crown-rump length) index [Beck et al. 1990]. The sections for
examinations were kept in 4% solution of formic formaldehyde. The examinations were
carried out using the method of macroscopic preparation with a forechead magnifying
glass and binocular (magnification 1.5-5.0x). In order to better visualize the cervicotho-
racic ganglia and other accompanying anatomical structures 0.5-2% acetic acid solution
was used for the examinations. The measurements of the ganglion were performed with
the aid of an electronic caliper to an accuracy of 0.01 mm. The methods used in the to-
pographic anatomy holotopy and skeletotopy were employed in the study. The Nomina
Anatomica Veterinaria [2005] was used in the descriptive part. Photographic and tabular
documentation was made.

RESULTS

Holotopy. The cervicothoracic ganglion in Persian cats coming from the 58" day
of gestation is situated in C, ~Th , segment. It is formed from the fusion of three or
four ganglia: the caudal cervical ganglion (Gcca), first thoracic ganglion (GTh,), second
thoracic ganglion (GTh,), third thoracic ganglion (GTh,). In four females (in 2 — on the
left side, in 1 — on the right side and in 1 — on both sides) the cervicothoracic ganglion is
formed from the fusion of the caudal cervical ganglion with the first and second thoracic
ganglia. The cervicothoracic ganglion has a communicating ramus with the middle ce-
rvical ganglion (ganglion cervicale medium). The cervicothoracic ganglion lies laterally,
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under the longus colli muscle (m. longus colli), over the trachea (trachea); it is covered
by the endothoracic fascia and parietal pleura.

Skeletotopy. The cervicothoracic ganglion was characterized by the variable location
relative to the cervical and thoracic segments of the vertebral column: - at the level C_
Th, to the cranial margin of the 2" rib (1 case), — at the level of the 1* rib (3 cases), — at
the level of the 2" rib (1 case), — at the level from the 1% to the 2™ rib (11 cases), — at the
level from the 1% to the 3% rib (1 case), — between the cranial margins of the 1% and 2™ rib
(4 cases), — between the cranial margins of the 1% and 3 rib (2 cases), — at the level of the
caudal margin of the 1% rib and the cranial margin of the 2™ rib (12 cases), — between the
cranial margins of thel* and the caudal margin of the 3% rib (5 cases) (Fig.1). As regards
the relationship between the location of the cervicothoracic ganglion and the body side
it was found that most frequently it was situated at the level of the caudal margin of the
1 rib and the cranial margin of the 2™ rib on the left side, while on the right side in 8
cases it was situated between the cranial margin of the 1*'rib and the caudal margin of the
2% rib. But as regards the location of the ganglion in relation to the sex of the examined
animals it was found that in females it was most frequently (6 cases) situated at the level
of the caudal margin of the 1*rib and the cranial margin of the 2" rib, while in males it
was also situated in 6 cases at the level of the caudal margin of the 1*rib and the cranial
margin of the 2™ rib and between the cranial margin of the 1% rib and the caudal margin
of the 2" rib.

Shape. The shape of the examined ganglion was also determined. The cervicothoracic
ganglion displayed one of three kinds of shape: oval (16 cases), oblong (12 cases), trian-
gular (11 cases) and in one case it was oblong with a distinct narrowing (GCca+GTh,)
+ GTh,,. On the left side of the body it was the oval ganglion that was most frequently
found (10 cases). On the right side the oblong ganglion was the most frequent (8 cases).
No distinct relationship between the ganglion shape and the sex was found. In females
the oval shape occured in 10 cases, oblong and triangular — in 8 cases. In males the oval
shape was found in 6 cases, oblong — in 4 cases, triangular — in 3 cases, oblong with
a narrowing — in 1 case.

Morphometry. The dimensions (length and width) considering the sex and the body
side are presented in Tables 1 and 2. The morphometry of the examined cervicothoracic
ganglion showed that the longest cervicothoracic ganglion is found on the left side in

females (Xx = 3.016 mm), the shortest on the right side also in females (¥ =2.790 mm).
The widest ganglion occurs in males on the right side (¥ = 1.758 mm), while the narro-
west ganglion is found in females on the left side (¥ = 1.418 mm).
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Fig. 1.

The skeletotopy of cervicothoracic ganglion in newborn Persian cats

The cervicothoracic ganglion was characterized by the variable location relative to the
cervical and thoracic segments of the vertebral column on the left and right side (left +
right side = total)

1 — at the level of the caudal margin of the 1* rib and the cranial margin of the 2™ rib (12
cases), 2 — at the level of the 2™ rib (1 case), 3 — at the level of the 1% rib (3 cases), 4 — at
the level from the 1 to the 2" rib (11 cases), 5 — at the level C, to the cranial margin of the
2"rib (1 case), 6 — at the level from the 15'to the 3™ rib (1 case), 7 — between the cranial
margins of the 1% rib and the 2 rib (4 cases), 8 — between the cranial margins of the 1% rib
and 3" rib (2 cases), 9 — between the cranial margin of the1* and the caudal margin of the
34rib (5 cases)

Ryec. 1. Skeletotopia zwoju szyjno-piersiowego u noworodkow kotow rasy pers.

Zwoj szyjno-piersiowy charakteryzowat sig¢ roznym potozeniem w stosunku do odcinkow
szyjnych i piersiowych kregostupa po lewej i prawej stronie ciala (strona lewa + strona
prawa = facznie).

1 — na wysokosci od brzegu doogonowego 1 zebra do brzegu doczaszkowego 2 Zebra
(12 przypadkoéw), 2 — na wysokosci 2 zebra (1 przypadek), 3 — na wysokosci 1 Zebra
(3 przypadki), 4 — na wysokosci od 1 do 2 zebra (11 przypadkoéw), 5 — na wysokosci od
kregu szyjnego 7 do brzegu doczaszkowego 2 zebra (1 przypadek), 6 — na wysokosci od
1 do 3 Zebra (1 przypadek), 7 — pomigdzy brzegiem doczaszkowym 1 a 2 zebra (4 przy-
padki), 8 — pomigdzy brzegiem doczaszkowym 1 a 3 zebra (2 przypadki), 9 — pomigdzy
brzegiem doczaszkowym 1 zebra a doogonowym brzegiem 3 Zebra (5 przypadkow)
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Table 1. The length [mm] of the cervicothoracic ganglia in newborn Persian cats with respect side
and sex (X +SD)

Tabela 1. Dlugo$¢ (mm) zwoju szyjno-piersiowego unoworodkow kotow rasy pers zuwzglednieniem
strony ciata i ptci (3 + SD)

Male (7) Female (13)
Samiec Samica
Left side Right side Left side Right side
Strona lewa  Strona prawa Strona lewa  Strona prawa
2.81 3.86 3.45 2.78
2.04 2.09 1.55 4.20
2.70 4.44 2.50 2.40
4.13 2.62 4.78 3.09
3.40 3.10 2.57 1.95
3.84 2.39 5.35 3.04
1.91 2.18 2.05 2.57
2.03 3.16
2.36 1.92
3.18 1.72
2.80 2.46
2.79 4.20
3.81 2.31
x 2.98 2.95 3.02 2.75
SD 0.583 0.869 1.097 0.808

Table 2. The width [mm] of the cervicothoracic ganglia in newborn Persian cats with respect side
and sex (X + SD)

Tabela 2. Szeroko$¢ (mm) zwoju szyjno-piersiowego u noworodkéw kotow rasy pers z uwzgled-
nieniem strony ciata i ptci (¥ + SD)

Male (7) Female (13)
Samiec Samica
Left side Right side Left side Right side
Strona lewa Strona prawa Strona lewa  Strona prawa
1.53 2.16 1.48 1.11
1.08 1.78 1.52 1.45
1.40 1.22 1.36 1.48
1.53 1.64 1.18 1.47
1.20 1.55 1.58 1.72
1.70 1.83 0.69 1.16
1.61 213 1.40 1.80
1.28 1.70
1.37 1.81
1.40 1.42
1.48 2.06
1.25 1.50
1.92 2.60
X 1.44 1.76 1.38 1.064
SD 0.224 0.329 0.192 0.274
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Ganglion nerve connections. The cervicothoracic ganglion gives off the following
nerve branches (Fig. 2, 3): the subclavian ansa (cranial and caudal branch) — it may branch
off from GC_+GTh +GTh,, GC_+GTh +GTh,+GTh, ganglia; the vertebral nerve — it
runs through the canal of the transverse processes of the cervical vertebrae and gives off
communicating rami to the 2"-7% cervical nerves; communicating rami to cervical and
thoracic spinal nerves (rami communicantes cum nervi spinales cervicales et thoracis)
— these are 1-4 small branches which communicate with C, ; and Th, ; communicating
rami to the vagus nerve (rami communicantes cum nervi vagi) — they branch off from the
cervicothoracic ganglion (in the dog — from the caudal cervical ganglion); their number is
1-5; communicating rami to the phrenic nerve (rami communicantes cum nervi phrenici),
their number is 1-2; vascular branches: subclavian and vertebral and carotic communis
arteries; visceral branches: thoracic cardiac and cervical cardiac nerves (nervi cardiaci
thoracici et cardiaci cervicales) — they branch off from the middle cervical ganglion as
1-2 tiny twigs and from the thoracic and cervicothoracic ganglia; their number is 1-3;
tracheal branches (rami tracheales) — they branch off from the cervicothoracic ganglion;
their number is 1-3; esophageal branches (rami esophagei) — they branch off from the
cervicothoracic ganglion; their number is 1-2.

T

Fig. 2. The cervicothoracic ganglion in newborn Persian cats on the left side
1 — cervicothoracic ganglion, 2 — heart, 3 — thoracic aorta, 4 — trachea, 5 — longus colli
muscle, 6 — brachial plexus, 7 — sympathetic trunk, 8 — vertebral nerve, 9 — middle cervi-
cal ganglion, 10 — vagosympathetic trunk, 11 — vagus nerve, 11a — dorsal vag