UHWERSITA
| DEGLI STUDI
DI TORINO

[T1S AperTO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Thymus atrophy and regeneration following dexamethasone administration to beef cattle

This is the author's manuscript

Original Citation:
Thymus atrophy and regeneration following dexamethasone administration to beef cattle / Cannizzo F.T.; Spada F.;

Benevelli R.; Nebbia C.; Giorgi P.; Brina N.; Bollo E.; Biolatti B.. - In: VETERINARY RECORD. - ISSN 0042-4900. -
167:9(2010), pp. 338-343.

Availability:

This version is available http://hdl.handle.net/2318/98931 since

Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available under a
Creative Commons license can be used according to the terms and conditions of said license. Use of all other works
requires consent of the right holder (author or publisher) if not exempted from copyright protection by the applicable law.

(Article begins on next page)

13 November 2019



UNIVERSITA DEGLI STUDI DI TORINO

This is an author version of the contribution published on:
Questa e la versione dell autore dell 'opera:
Vet Rec. 167(9):338-43. 2010, doi: 10.1136/vr.c3303.

The definitive version is available at:
La versione definitiva e disponibile alla URL.:
http://veterinaryrecord.bmj.com/content/167/9/338.long



Thymus atrophy and regeneration following dexamethasone administration to beef

cattle

F. T. Cannizzo, F. Spada, R. Benevelli, C. Nebbia, P. Giorgi, N. Brina, E. Bollo, B. Biolatti

Thymus atrophy and regeneration were studied in 13- to 22-month-old beef calves treated with
dexamethasone (DMT), using anabolic dosages and implementing different withdrawal times. Two trials
were conducted. In trial 1, group A (n=6) received 0.7 mg/day DMT orally for 40 days, group B (n=6)
received 1.4 mg/day orally for 40 days and group C (n=6) was the control. In trial 2, group D (n=6) received
0.7 mg/day DMT orally for 40 days, group E (n=6) received 1.4 mg/day orally for 40 days and group K (n=6)
was the control. DMT withdrawal times before slaughter were six days (groups A and B) and 26 days
(groups D and E). At slaughter, thymus atrophy was severe and progressive in animals from groups A and
B. In contrast, thymus weight and volume of the animals from groups D and E were almost normal. Slight
atrophy was also detected in the calves in these groups. Histological changes and Ki67 immunostaining
revealed a large number of positive lymphoid cells, mostly in the cortical area, associated with higher
expression of apoptosis in the medulla compared with controls. This demonstrated that the thymus of
beef cattle is still able to regenerate following DMT administration.



CORTICOSTEROIDS are used illegally in several countries as growth promoters in veal calves and
beef production, in order to enhance carcase and meat quality traits (Renaville and others 1994, Gottardo
and others 2008). These drugs are usually used in association with sex steroids and b-agonists to obtain a
higher proportion of lean meat (Meyer 2001). They can be administered either parenterally or orally in milk
replacers or top-dressed on silage (Courtheyn and others 1993, Brambilla and others 1998). The national
residue monitoring plan of EU member states, as required by Council Directive 96/23/EC and Council
Regulation (EEC) Number 2377/90, checks for the absence of specific residues of corticosteroids.
Unfortunately, the targeted gas chromatography/mass spectrometry (GC/MS) and liquid chromatography
tandem mass spectrometry (LC/MS/MS) methods used give unsatisfactory results. This is partly because
people who use corticosteroids illegally administer low dosages, which are readily cleared by the organism
and therefore cannot be detected by these techniques, and partly because they often use new molecules
that are structurally different from those the analytical techniques are designed to identify. The rapid
metabolism and excretion of metabolites further limit the detection of residues. Therefore, the study of
lasting and indirect biomarkers still evident at the abattoir may be of help in the detection of treated animals
(Groot and others 1996, Brambilla and others 1998). In this respect, thymus atrophy may be considered an
indirect biomarker of corticosteroid administration in cattle. Experimental corticosteroid administration
studies have been conducted in six-month-old veal calves (Groot and others 1998, Biolatti and others 2005,
Cannizzo and others 2008). Results showed that the thymus underwent severe atrophy that was reversible,
returning to complete normality between 25 and 32 days after withdrawal, while the lesion was still
detectable after two weeks (Biolatti and others 2005, Cannizzo and others 2008). Starting in 2009,
histological examination of the thymus has been introduced by the Ministry of Health in Italy as a
screening test to control the illegal use of corticosteroids in veal calves (Piano Nazionale Residui 2009 -
Ministero del Lavoro, della Salute e delle Politiche Sociali -Dipartimento per la Sanita Pubblica
Veterinaria, la Nutrizione e la Sicurezza Alimentare).

Dexamethasone (DMT) and other corticosteroids are now the most popular growth promoters in beef
cattle production. They are administered at low dosages in order to obtain better performances, as seen in veal
calves (Istasse and others 1989, Corah and others 1995, Courtheyn and others 2002, Capolongo and others
2007, Gottardo and others 2008). Unfortunately, existing scientific data on the physiological effects of
corticosteroids on the thymus of one-and-a-half -year-old beef cattle are insufficient to apply them to the
histological screening of this gland. According to Wise and Klindt (1995), the thymus weight of beef cattle
starts to decrease at around 14 months of age, but no clear data are available on the normal histological
pattern of the thymus at this age. Moreover, little is known about the behaviour of the thymus in beef cattle
following corticosteroid administration, and thymus atrophy could also be a consequence of infectious
diseases, intoxication and stress (Gruver and Sempowski 2008). In these cases, however, the affected
animals should show typical clinical signs and lesions (Inui and others 1978, Heilmann and others 1982,
Durham and others 1985, Hughes and others 1985, Peters and others 1987, Durchfeld 1988, Durchfeld
and others 1989, Uno and others 1990). While various studies have been performed to assess the effects
of the non-therapeutic use of DMT on beef cattle growth and slaughter performance (Brethour 1972,
Dicke and others 1974, Gottardo and others 2008), none has been done with regard to the pathological
effects on the thymus. The regenerative process of lymphoid tissue can be evaluated by estimating cell
proliferation activity with the immunohistochemical detection of the Ki67 antigen (Krlger and Mller
1995) as well as apoptosis. Tissue regrowth is not only the result of cell proliferation but also of
enhanced cell survival (inhibition of apoptosis) or a combination of both mechanisms (Hannun 1997).

The aim of this work was to study the pathological changes (atrophy and regeneration) of the thymus
in 13- to 22-month-old beef cattle, together with Ki67 antigen expression and apoptosis following DMT
administration, with different growth-promoting protocols and the application of different withdrawal
times before slaughter. Two different breeds were used in the study to detect possible variation in
response to corticosteroid treatment.



Materials and methods

In trial 1 an anabolic treatment regimen was instituted to establish the pathological changes in the
thymus after DMT administration with a short withdrawal time. Eighteen male Charolais beef cattle, 17
to 22 months old, were randomly divided into three groups: cattle in group A (n=6) were given 0.7
mg/day dexamethasone-21-sodium-phosphate (Desashock; Fort Dodge Animal Health) orally for 40
days; cattle in group B (n=6) were given 1.4 mg/day of the same compound orally for 40 days; and cattle
in group C (n=6) served as the control group. Animals were slaughtered after a six-day withdrawal
period.

Trial 2 was designed to assess the ability of the thymus of beef cattle to restore its weight and
structure following atrophy induced by DMT and to verify whether lesions are still present and
detectable after a protracted withdrawal time. Eighteen crossbred male Friesian beef cattle, 13 to 17
months old, were randomly divided into three experimental groups: cattle in group D (n=6) were given
0.7 mg/day of dexamethasone-21-sodium-phosphate orally for 40 days; cattle in group E (n=6) were
given 1.4 mg/day of the same compound orally for 40 days; and cattle in group K (n=5) served as the
control group. Animals in groups D and E were slaughtered after a 26-day withdrawal period, together
with control group K.

All groups of experimental animals were kept in separate boxes, 10 x 15 m, and fed with a diet
consisting of corn silage, corn, hay and a commercial protein supplement; water was supplied ad
libitum. The experiment was authorised by the Italian Ministry of Health and the Ethics Committee of
the University of Turin. Carcases of treated animals were destroyed. All animals treated orally, before
the distribution of the feed each morning, were tied to the feeding trough, where two trained technicians
gave one capsule containing the compound per application, using a drenching gun. Control animals
were treated with a placebo.



Both cervical and thoracic portions of the thymus of each animal were collected soon after slaughter and
weighed. The thymus:bodyweight ratio was calculated according to the following formula: weight of
organ (g)/bodyweight of beef cattle (kg) x 100. Tissue samples were fixed in 10 per cent neutral buffered
formalin and paraffin embedded according to routine histological procedures. Representative sections
of each sample were stained with haematoxylin and eosin for histological examination.

Representative 4 pin thick sections of thymus from cattle in groups D, E and K were stained by a
terminal uridine deoxynucleotidyl transferase dUTP nick-end labelling (TUNEL) assay using an
ApopTag In Situ Apoptosis Detection Kit (Intergen) for the identification of apoptotic nuclei (Mori and
others 1994), according to the manufacturer's instructions. The reaction was revealed
immunohistochemi-cally by means of a peroxidase conjugated anti-digoxigenin antibody. The reaction
was developed in a solution of diaminobenzidine and hydrogen peroxide for five minutes,
counterstained with 0.5 per cent (w:v) methyl green for 10 minutes and destained in n-butanol. A
negative control was obtained by omitting the terminal deoxynucleotidyl transferase in the reaction
mixture during the labelling steps.

Sections of thymus of groups D, E and K were immunohistochemi-cally stained with monoclonal Ki67
antibodies (Dako) as follows: sections (3 pm) were deparaffinised and rehydrated. Endogenous
peroxidase activity was blocked by incubating sections in 3 per cent hydrogen peroxide for 15 minutes.
After repeated rinsing with phosphate buffered saline solution (PBS), sections were immersed in citrate
buffer (0.005M, pH 6.0) and heated in a water bath at 98°C for 45 minutes. They were then incubated
with a primary antibody for 60 minutes (1:50 dilution). The sections were washed in PBS, and a
streptavidin-biotin multilink method (StrAviGen Multilink kit; Biogenex) was used for the detection of
reactivity. Diaminobenzidine-hydrogen peroxide solution (Dako) was used as chromogen and applied
for five minutes. The slides were then rinsed in distilled water to stop the reaction. After washing, the
slides were counterstained with haematoxylin, dehydrated and mounted with a coverslip.

Digital images were obtained with a Nikon DS-Fil colour digital camera (Nikon Instruments). The
apoptotic and Ki67-positive cells were identified by examination at 400 x magnification by light
microscopy. For each section, 10 randomly selected fields were examined using Image-Pro-Plus
software (Media Cybernetics). In each field, the total areas of apoptotic or Ki67-positive cells and
negative nuclei were evaluated. The incidence of positive cells was expressed as the percentage of the
positive nuclear area (mean [sd]).

Statistical analyses were carried out using GraphPad Software, version 3.05. To compare the data, the
Kruskal-Wallis test (non-parametric analysis of variance) and the Dunn's multiple comparison post test
were used. Differences between the groups were considered significant at P<0.05.

Results

In trial 1 thymus weight and volume of treated animals (groups A and B) were significantly reduced
compared with controls (group C), which had a mean weight of 408 g (Table 1, Fig 1). Animals in group
A showed an intermediate reduction of weight and volume with a mean weight of 217 g and the thymus
parenchyma was replaced by fat tissue. Both cervical and thoracic portions of the thymuses of group B



were notably reduced in weight and volume and were replaced by fat (mean weight 131 g). The cervical
portion was the most severely affected in all subjects and in two animals it could not be detected.
Histologically, group A showed severe thymic cortical atrophy, while the medullary framework was
still present though reduced, showing a pronounced rarefaction of lymphocytes (Fig 2a). The thymic
cortex was almost completely replaced by fat tissue leaving only scattered remnants localised close to
the medulla. All treated animals in group B showed remarkable histological findings, characterised by
complete replacement of lymphoid tissue by fat; even the medulla had disappeared, making the
histological structure of the thymus unrecognisable. Remnants of the parenchyma were represented only
by small, disseminated islets of lymphocyte aggregates, especially around the vessels immersed in the
fat tissue (Fig 2b). Control animals showed a variable pattern, from the normal appearance of the thymus
of young animals to slight physiological atrophy in the oldest (Fig 2c), and varying from a moderate fat
infiltration at the periphery of lobules to a moderate reduction of the cortex.

In trial 2, the thymus weights and volumes in the control and treated animals were not significantly
different (Table 1). Macroscopically, superficial and interstitial fat deposits were more abundant and
lobules appeared slightly atrophic in the thymuses of treated animals (Fig 3). The histological
appearance of the thymuses of all treated animals in groups D and E showed a considerable interstitial
fat infiltration associated with thinning of the cortex and lymphocyte depletion, both in the cortex and
the medulla (Figs 4a, b). Lesions were most severe in the thymuses of animals in group E (Fig 4b). The
histology of the thymus of the control beef cattle (group K) was similar to that of young calves. The
parenchyma had normal features characterised by a cortex filled with proliferating T cells with a smaller
proportion of associated epithelial cells. More mature T cells were found in the medulla, where
epithelial cells, dendritic cells and macrophages were more abundant (Fig 4c). Almost none, or very
few, adipose cells were observed in the peripheral layers of the cortex.

Apoptotic cells were detected in the thymuses of treated and control animals in trial 2, scattered in the
medulla and more densely distributed throughout the cortex. The apoptotic signal was localised in the
nucleus of thymocytes with variable morphology, according to the different stages of apoptosis. In some
cells the nuclear staining was homogeneous, while in others it was more intense at the periphery. In a
few cases, clusters of apoptotic fragments were observed in the cytoplasm of macrophages. In the
cortical area the positivity accounted for 0.60 per cent, 0.14 per cent and 0.38 per cent, respectively, in
groups D, E and K. A significant statistical difference was observed between groups D and E (P<0.05).
In addition, a significant increase of apoptotic cells was detected in the medulla in all groups (P<0.05).
In particular, a significant trend was observed between groups in the thymic medulla (P< 0.05), where
the percentage of the apoptotic-positive area was 4 per cent, 3.4 per cent and 2.4 per cent, respectively,
in groups D, EandK(P<0.05)(Fig5).

Table 2 shows the results for Ki67 expression in trial 2. This antigen was detected in the thymus of all
examined animals (n=17). In all cases, Ki67 immunostaining revealed a high number of lymphoid cells
showing nuclear staining of heterogeneous intensity. The mean percentage areas for Ki67 in the cortex
were 60.8 per cent, 62.5 per cent and 59.2 per cent, respectively, in groups D, E and K. In the medulla,
the mean percentage areas were 40.6 per cent, 33.0 per cent and 22.9 per cent in the same experimental
groups. Statistically significant differences (P<0.01) were detected between groups D and K for the
medulla (Fig 6), and between the cortex and medulla in each group (P<0.01 for group D, and P<0.001
for groups E and K), as expected (Fig 7).



FIG 1: Gross
appearance of the
thymuses of beef
cattle from groups
(a) A, (b)Band (c) C.
Thymus of group A
shows a reduction
of volume and fat
infiltration, while
severe atrophy of the
cervical and thoracic
portions is evident
in cattle of group B.
Bar=2 cm

FIG 2: Histological
appearance of the
thymuses of beef
cattle from groups
{a)A, (b)Bandic)C.
Group A shows
severe atrophy of
the cortex that has
almost disappeared,
while the medulla is
still present. In group
B, lymphoid tissue is
completely replaced
by fat tissue and the
histological structure
of the thymus is

not recognisable.
Haematoxylin and
eosin. x20



FIG 3: Gross
appearance of the
thymuses of beef
cattle from groups
(a) D, (b) E and {(c) K.
Fat deposits infiltrate
the lymphoid tissue
of both treated
groups D and E.
The lobules appear
slightly atrophic
compared with
controls. Bar=2cm

FIG 4: Histological
appearance of the
thymuses of beef
cattle from groups
(a) D, (b) E and (c) K.
Partial atrophy of
the cortex is evident
in both groups D

§ and E, and is most

8l severein group E.
Haematoxylin and
eosin. x20
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FIG 5: Apoptosis
revealed by

TUNEL (terminal
deoxynucleotidyl
transferase-mediated
dUTP nick end
labelling) assay.
Cortical and medullar
positivity area in the
thymus of groups

D, E and K. Data are
expressed as mean
(sd). *P<0.05

FIG 6: Ki67
expression in the
thymic medulla of

.« (a) group D and

{b) group K. x400

FIG 7: Ki67 immuno-
histochemistry.
Treated animals show
increased expression
of Ki67 in the thymic
medulla that is
accentuated in group
D. Data are expressed
as means for each
group. ¥*P<0.01
*#*P<0.001



TABLE 1: Carcase and thymus weights of treated and control
animals

Carcase Mean (sd) thymus
AnimallD  Group  weight(ka)  Thymus weight (g) weight (g)
1 A 471 387 217(%94)
2 501 247
3 486 157
4 518 194
5 511 115
6 424 202
7 B 462 162 131(50)
8 451 206
9 506 125
10 4583 134
11 497 101
12 456 59
13 C 412 39 408 (70)
14 408 337
15 406 505
16 422 427
17 478 457
18 400 326
19 D 255 870 1133(220)
20 2% 970
21 278 1200
22 269 1350
23 272 1000
24 255 1410
25 4 286 1020 1028 (56)
26 287 1030
27 289 1030
28 291 1130
29 326 960
Ell] 291 1000
3 K m 1160 950 (149)
32 31 974
33 323 876
34 342 985
35 336 756

D Group Cortical positivity (%)  Medullar positivity (%)
19 D 60.4 a7
20 D 58.2 295
21 D 64.1 24
2 D £0.0 530
23 (1} 613 367
24 D 60.4 41.0
25 3 68.0 202
2 £ 67.1 251
27 £ 57.9 37
pL] E 57.0 428
29 £ 681 383
30 £ 60.0 378
£} K 585 266
12 K 59.1 170
1 K 663 283
34 K 523 197
35 K 596 220



Discussion
Prolonged administration of low doses of DMT induced a dose-dependent thymus atrophy in beef cattle

of different breeds (trial 1) and, when allowed a longer withdrawal time, thymus parenchyma
regenerated almost to normality (trial 2).

Trial 1 showed that in beef cattle, as in veal calves (Biolatti and others 2005, Cannizzo and others 2008),
administration of low doses of DMT for 40 days up to six days before slaughter (group A) induced
thymus atrophy of intermediate severity; this was characterised mostly by the disappearance of the
cortex and almost complete loss of lymphoid tissue, which was replaced by fat tissue with the higher
dose treatment (group B). In trial 2, low doses of DMT administered for a long period to beef cattle did
not significantly affect the weight of the thymus when examined approximately one month after the end
of treatment; however, this experimental protocol was responsible for increased fat deposits on the
surface and interstitium of the thymus, and for typical histological changes represented by partial cortex
atrophy and replacement of lymphocytes with fat. For the control thymuses, the mean weight was less in
group C (17- to 22-month-old Charolais cattle) (trial 1) than in group K (13- to 17-month-old crossbred
male Friesian cattle) (trial 2); histologically, physiological involution was more pronounced in the
animals in group C than in group K, although changes were much less severe than the atrophic lesions
detected in the thymuses of animals from the treated groups (A, B, D and E). The weight and
morphology of the thymuses of the control animals from group K were more similar to those of young
calves except for a slight to moderate fat deposition along the interstitial septa at the periphery of the
cortex (Cannizzo and others 2008). These small physiological differences may be ascribed to both the
older age of the animals employed in trial 1 compared with those of trial 2, and to the different breed of
animals in the two groups, suggesting that the thymus of Friesian cattle is physiologically heavier than
that of the Charolais breed. The same considerations apply to the treated animals.

Comparing the results of this experiment (trials 1 and 2) with those described in six-month-old veal
calves treated with DMT (Biolatti and others 2005, Cannizzo and others 2008), it appears that the length
of the withdrawal time of DMT significantly influences the patterns of DMT-induced lesions. Cannizzo
and others (2008) reported pronounced thymus atrophy in veal calves from seven to 12 days after the
end of DMT treatment, which is consistent with the results of trial 1 in beef cattle in the present study.
Partial recovery of thymus weight and structure after 25 days followed by complete recovery after 32
days was also observed in veal calves, and similar results have been observed in trial 2 (groups D and E)
where thymuses were examined 26 days after the end of treatment. It must be emphasised that in beef
cattle atrophic changes in the thymus were more severe and regeneration incomplete when compared
with veal calves treated similarly (Biolatti and others 2005, Cannizzo and others 2008); this may be
ascribed to the different physiological condition of beef cattle, where thymus involution may already
have started and regeneration, although still present, may be slower. Thus, it is conceivable that the
thymus preserves an intrinsic ability to regenerate; however, the mechanism controlling regeneration is
not well known. This study demonstrated that lymphoid proliferation, after DMT treatment, starts in the
cortical regions and proceeds toward the medulla in all of the examined animals. In the control group the
percentage of Ki67-positive cells in the medulla is clearly lower compared with treated animals, as
already observed in the human thymus (Salakou and others 2001). On the other hand, apoptosis is more
intense in the medulla where mature cells are concentrated (Chen 2004), as in the normal cell turnover.
In the current study, however, there was a significant increase in the occurrence of this phenomenon in
treated animals compared with controls, as already observed in veal calves, due to the toxic effect of
DMT (Zavitsanou and others 2007, Cannizzo and others 2008). This is further evidence that the thymus
of beef cattle maintains its regenerative potential, as supported by the intense lymphoid proliferation
activity still present 26 days after withdrawal of the drug.



In conclusion, the results of this study show that DMT induces thymus atrophy in beef cattle and that
this atrophy is clearly detectable at the slaughterhouse after a withdrawal time of six days, both
macroscopically and histologically. The severity of this alteration correlates with the administered DMT
dosages. Thymus regeneration was demonstrated in trial 2 after a prolonged withdrawal time, as already
described in veal calves (Cannizzo and others 2008). Since the administration of corticosteroids to beef
cattle must be continued until very close to the time of slaughter in order to obtain the anabolic effects
(Tarantola and others 2004), it can be concluded that gross and histological examination of the thymus
should be included as a screening test at the slaughterhouse to detect corticosteroid treatment of beef
cattle.
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