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ABSTRACT 

This thesis describes a cell biological approach to studying lameness in the dairy 

cow. Lameness has been associated with altered keratinisation in the epidermis of the 

bovine hoof Claw tissue was obtained by an in vivo claw biopsy technique. The 

biopsies were cultured in the presence of L-[35S]-methionine and [3H]-thymidine for 

measurement of protein synthesis and cell proliferation respectively. 

The influence of nutritional and environmental stressors on keratinisation in the 

claw was investigated. Protein synthesis was found to be significantly higher after 

challenge with these factors. It was not clear, however, if this was an effect of 

challenge or the biopsy procedure itself 

Physiological and endocrinological changes associated with pregnancy and 

lactation also appeared to have an effect on claw keratinisation. In a long-term 

developmental study of first-calving heifers changes in cell proliferation and protein 

synthesis were related to reproductive state. A dramatic seasonal effect on claw cell 

biology was also demonstrated. The keratinocytes were actively proliferating and 

keratinising during the summer months but were quiescent during the winter. 

A final study investigated the cell biological changes which occur in the claw 

during the onset, development and recovery stages of weight-bearing challenge and the 

effects of concrete flooring. During challenge cell proliferation increased significantly 

in claws subjected to weight-bearing. The tissue may have been responding to 

challenge, however, the biopsy procedure itself could also have had an effect due to the 

short-time period between samplings. 

To conclude, altered keratinisation in the claw may be related to physiological 

and endocrinological changes as'sociated with season and reproduction. However, 

changes in management may also be important and further investigation is required. 
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CHAPTER ONE 

LITERA TURE RE tjE W 

1.1 COSTS AND INCIDENCE OF LAMENESS 

Lameness is one of the most important conditions affecting the modem dairy 

cow. It has serious implications with respect to animal welfare since most aberrations 

of gait are associated with pain (Whay et uL, 1997,1998). 

Estimates of the annual incidence of lameness in the UK dairy herd vary 

considerably. In 1960, Leech et al. reported a lameness incidence of only 4% in UK 

herds. However, on average lameness is thought to affect about 15-17% of cows 

(Esslemont and Kossaibati, 1996; Collick et al., 1989). Higher estimates of 25% and 

over (Arkins, 1981) may be due to the inclusion of less serious cases which stockmen 

treat themselves as well as those cases treated by the veterinarian. On the other hand,, 

a recent epidemiological survey conducted by Liverpool UnIversity on 37 farms found 

an annual incidence of 55% (Clarkson et aL, 1996), and it is now believed that earlier 

studies did underestimate the problem. 

In addition to the cost in animal suffering, lameness also accounts for much of 

the economic loss incurred by the dairy farmer today. Lame cows suffer loss of body 

condition,, reduced milk yields (Coulon et aL, 1996), reduced fertility (Collick et aL, 

1989), extra cullings (Distl, 1994), increased veterinary costs and require extra time 

from stockmen. Indeed,, lost production associated with lameness is thought to be 

comparable to that caused by mastitis (Kossaibati and Esslemont, 1997). Estimates of 

the actual commercial loss to the UK dairy industry also vary greatly. In 1983,, 

Whitaker et aL suggested that lameness costs the BrIt'sh dairy farmer f35 million per 

year or f 10 per cow. However, Booth (1989) calculated costs to be f44 million 
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annually and Esslemont (1990) estimated that in England and Wales the costs of 

lameness amounts to E89.2 million every year. 

Lameness is the clinical manifestation of a variety of conditions, which can have 

distinctly different origins. However, the majority of these conditions (75-90%) are 

associated with disorders of the claw hom (Prentice and Neal, 1972; Eddy and Scott, 

1980; Russell et aL, 1982). A breakdown of the types of lesions seen in practice was 

provided by the Liverpool epidemiological study (Murray et aL, 1996). Most lesions 

(92%) were associated with the hind feet, more than half of these (65%) were in the 

outer claw and only 14% were in the inner claw, with skin lesions constituting the 

remainder. Solear ulcers were the most common lesion followed by white line disease. 

1.2 ANATOMY OF THE BOVINE FOOT 

1.2.1 Definition of terms 

The literature is inconsistent in the use of the terin "foot" in relation to the 

bovidae. It has been used to describe "the distal part of the limb including the expanded 

distal ends of the metacarpal/metatarsal bones" (Dyce et al., 1987) and "the region of 

the digits distal to the metacarpophalangeal or metatarsophalangeal joints" (Greenough 

et al.. 198 1). 

Use of the teirm "hoof' is also not consistent. Definitions have included "the 

distal phalanx and its skin covering" (Habermehl, 1981) and "the horny keratinised 

covering of the digit" (Dyce et al., 1987). Most authors use the tenn "claw" to describe 

a single digit of the bovine foot. 

In this thesis the tissue which composes the horny outer covering (stratum 

corneum) of the digit is termed the "claw horn". The term "foot" is taken to mean the 

horny claw capsules of the two main digits and the structures contained within them. 
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The term "claw" is used to describe a single digit. 

1.2.2 The gross anatomy of the bovine foot 

The gross appearance of the bovine foot is shown in Figure 1.1. Each foot has 

two main claws,, medial (digit 3) and lateral (digit 4) and two accessory claws (digits 

2 and 5). The structures contained within the horny outer covering (claw capsule) are 

shown in Figure 1.3. 

The covering of the distal part of the digit is formed by a specialised epidermal 

structure, the claw capsule. The claw capsule can be divided for description into four 

regions; periople, wall, sole and heel bulb (Figure 1.2). Each region of hom is produced 

by a specialised area of epidermis and supported by the corresponding dermis, or 

corium (Dyce et al., 1987). The coronary band or border is the border between the skin 

and claw capsule (Figure 1.1). The periople is a narrow band of soft hom at the 

coronary border which is continuous across the interdigital space. Perioplic hom 

overlies the coronary horn of the wall in the proximal I to 1.5 cm of the claw. The 

periople merges with the bulb hom at the palmar or plantar surface (Habermehl, 

19 8 1)(Figure 1.1). 

The wall fonns the dorsal part of the claw capsule and the axial and abaxial 

surfaces of each claw. The axial and abaxial grooves mark the junction between the 

wall and the bulb hom (Figures 1.1 and 1.4). The hom of the heel bulb covers the 

caudal aspects of the digits and extends into the centre of the palmar/plantar surface, 

where it merges with the sole horn. The true sole is the harder horn filling the V-shaped 

space on the distal. surface between the bulb and the white line (Figure 1.4). 

The white line of the bovine claw is the region of hom at the junction between 

the wall and the sole (Figure 1.4). It plays an important role in establishing and 
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maintaining the attachment of the wall and the sole. The white line has two 

components, one of which (the interdigitating horn) is continuous IV"th the sole horn and 

the other (the laminar hom) is continuous with the wall hom (Kempson and Logue, 

1993a). 

1.2.3 Specialisations in the dermis and epidermis of the bovine claw 

In the bovine foot it is essential that the dennal-epidermal junction can 

withstand the considerable forces imposed during weight-bearing and locomotion. Firm 

attachment of the dermis and epidermis is achieved by the creation of a large surface 

area at the tissue interface. In all areas of the claw, except the laminar region, the 

dermal surface is formed by distally directed papillae which are received by 

corresponding depressions in the inner epidermal surface. In the equine foot the 

basement membrane covering the individual papillae is formed into folds running 

parallel to the axis of the papilla (Pollitt, 1994). It has been suggested that these are a 

means of further increasing the surface area at the dermal-epidermal interface (Pollitt, 

1994). 

In the laminar region strong attachment is made through the formation of narrow 

folds or laminae in the dermal surface (Figure 1.5). This creates thin sheets of dermal 

tissue which extend in a proXimo-distal direction around the foot, approximately 

perpendicular to the surface of the distal phalanx. Complementary folds in the 

epidermal surface interdigitate with the dermal laminae. The horn component of these 

epiden-nal laminae is called the laminar hom. 

The arrangement of the dermal-epidermal junction affects the layout of squames 

within the horn. The papillae of the dermal surface in the perioplic,, coronary, solear 

and bulbar cona results in the formation of tubular structures within the overlYing hom. 
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Plate 3.2 Claw biopsy tissue stained with haematoxylin and eosin (x 10) and 

showing epidermal and dermal laminae and darkly-stained nuclei of cells in the 

gen-ninal layer. Bar represents 100 gm. 
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Figure 3.1 Tissue was taken from a post-mortem claw, using a biopsy punch, from 

six different places in order to deten-nine the best site for sampling. The wall was 

sampled in four places; (1) toe, (2) coronary band, (3) abaxial wall and (4) heel. 

The sole was sampled in two places; (5) heel and (6) middle-aspect of the sole. 
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Figure 3.2 Cell proliferation (measured as 3 H-thymidine incorporation) in explanted 

claw tissue and claw tissue obtained using a biopsy punch post-mortem. Values are 

means ± s. e.; n= 14 explant and n= 12 biopsy. 
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Figure 3.3 Protein synthesis (measured as 35 S-methionine incorporation) in 

explanted claw tissue and claw tissue obtained using a biopsy punch post-mortem. 

Values are means ± s. e.; n=14 explant and n=1 I biopsy. 
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3.4 DtSCUSSION 

Different sites on the claw varied in their suitability for biopsy. The most 

successful biopsies were obtained from the abaxial wall. At this site the biopsy punch 

could be inserted up to its full length, alloWing a large core of tissue to be easily 

removed. Histology confirmed that horn, epidermal and dermal tissues were all present 

and intact. 

The toe was difficult to biopsy because there was only a very thin layer of 

dermal tissue between the born and the pedal bone. The punch could not be fully 

inserted and so the tissue cores tended to break off at the hom layer on removal. The 

same problem also occurred at the coronary band. 

At the heel and both sites on the sole, the tissue was very soft and waxy and so 

was very difficult to drill through. Tt was also difficult to distinguish the different tissue 

layers and, therefore, to know when to stop drilling. However, Singh et aL (1993a) had 

obtained biopsies from the sole of the claw without any apparent complications. It is 

likely that the claw sampled in this study had suffered lesions in the past and the waxy 

horn of the sole was actually a result of this previous damage. 

Based on these findings the abaxial wall was selected as the best site to biopsy 

in future experiments. Since cows will be restrained lying on their side in a tipping 

crush for biopsy, both the sole and the abaxial wall Will be easy to access, but it might 

be anticipated that bleeding will be easier to control and therefore less of a problem 

from the abaxial site. Another important consideration is post-operative recovery, and 

in this regard the abaxial site is preferable since sole biopsies would almost inevitably 

be subject to greater stressors and become more contaminated with dirt than abaxial 

sites. However, taking samples from the abaxial wall assumes that the pathology taking 

place in this region is related to lesions which are observed and measured on the sole 
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and this may not be the case, since the two regions have a different histological 

structure. Indeed,, the relationship between laminar disturbance and the development 

of solear lesions is not fully understood. 

During this experiment, it also became clear that there were several problems 

with using the biopsy punches. The disposable punches had a plastic handle with a 

metal blade attached. If the claw tissue was tough, the blade often broke off or was 

pushed back inside the hollow handle. This was easily remedied by inserting a pair of 

sterile forceps into the handle of the punch from the top end, thus holding the blade in 

place and reinforcing the punch thereby making it better able to cut through the tissue 

without breaking. Sometimes, after the punch had been inserted, rotated and then 

removed, the core did not come out in the punch but remained firmly attached to the 

underlying tissue. Dissecting forceps were required to pull the core out, however, this 

had to be done very carefully or the core could 'break off at the hom layer. Leaving 

a thin layer of hom over the corium ensured that the underlying epiden-nis and dermis 

were not damaged if the core had to be removed using forceps. 

Tissue culture found no significant differences between tissue obtained post- 

mortem using a biopsy punch and explanted tissue in either cell proliferation or protein 

synthesis. The tissue obtained using a biopsy punch appeared, therefore, to behave in 

the same way in culture as the explanted tissue in terms of cell proliferation and protein 

synthesis rates. Hendry et aL (1995) confirmed that the claw tissue explants behaved 

in vitro as in vivo, both in terms of the identity and localisation of synthesised protein 

and the site of cell proliferation. This culture technique was, therefore , ideal for 

examining the factors which regulate claw cell biology in vivo. 

Bacterial contamination of the tissue culture was avoided by the use of high 

levels of penicillin-streptomycin and fungizone. The levels used were higher than that 
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for culture of other tissue types but within the range recommended for keratinocyte 

culture (Gibco NRL catalogue, Gibco Ltd., Paisley, UK). 

Obviously a larger amount of tissue would have more cell proliferation and 

protein synthesis than a smaller amount, therefore, the results were corrected for the 

total amount of DNA present in the sample and this would have accounted for the effect 

of different cell numbers. 

The claw biopsy technique was also perfonned successfully in vivo. The 3 mm 

biopsy punch was easier to use than the 6 mm punch. The smaller punch could be 

inserted and rotated in the 10 mm drilled hole With less difficulty. A core was cut using 

the 6 min punch, however, it remained firmly attached to the underlying tissue and 

when forceps were used to remove it, the horn broke off from the other tissues. Using 

the 3 mm punch, some of the cores also remained attached to the dermis, however, 

being smaller they could be easily removed using forceps. I-Estology confirmed that the 

tissue obtained was suitable for culture. It was decided that in future experiments it 

would be best to aim for several smaller cores within the 10 mm drilled hole, rather 

than one larger core. 

The amount of post-operative bleeding varied from trivial in the first cow to 

considerable in the second. Bleeding of the amounts encountered here (total loss would 

have been of the order of tens or at most a few hundreds of ml) is not in itself a problem 

and it is arguable that it should be left to happen in order to purge the wound and 

prevent haernatoma. This would necessitate leaving the biopsy hole open, and it was felt 

that the chance of infection would increase considerably if this was done. Proper filling 

of the hole was deemed to be essential, and this was difficult when blood was present 

because the Technovit wound filler would not set properly, Considerable effort was 

expended in staunching the flow for long enough to allow the hole to be filled, but it 
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took several attempts to achieve this with the second cow. It was decided that a 

vasoconstrictive agent would be useful, so for subsequent biopsies a sterile solution of 

10 4M noradrenaline (Arterenol: Sigma) was prepared and applied within the biopsy 

hole to help control the bleeding following removal of the biopsy tissue. 

The use of sedative had made both animals extremely reluctant to stand up 

when the tipping crush was lowered at the end of the procedure. Adrenalin was 

administered and the animals recovered, however,, we decided not to use sedative in 

later experiments. Post-operatively the animals were slightly lame for 2-3 days, but 

then walked normally. Although not used with these two cows, we later found that 

recovery was more rapid if a claw block was placed on the inner claw of the sampled 

foot. 

There is evidence that putting cows in tilting crushes causes stress and a 

significant increase in blood cortisol levels. However, it is unlikely that stress related 

hormones would have an effect on the biopsy samples in this experiment because once 

the animal was in the crush, the tissue was removed within 15 to 20 minutes. Future 

studies could investigate this further by measuring hormone levels present in the blood 

and relating this to the cell culture results, however, this was basically a preliminary 

study to establish if the tissue obtained was in fact suitable for culture in the first place. 

The claw tissue biopsy technique, therefore, makes possible non-terminal tissue 

collection, and allows for serial sampling of individual animals in longitudinal studies. 

Combining this biopsy technique with tissue explant culture, it would now be possible 

to examine the influence of various management and/or physiological factors on the 

claw and, therefore, to gain further insight into the cellular basis of claw hom disruption 

and lameness. 
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CHAPTER FOUR 

ENHRONMENTAL AND NUTRITIONAL CHALLENGES ON THE BOV7NE 

CLA W 

4.1 INTRODUCTION 

Laminitis is a multifactorial disease (Mortensen and Hesselholt, 1982). The 

most important predisposing factors are considered to be changes in nutrition and 

environment,, however, there have been relatively few attempts to examine these in 

controlled experiments. Nutritionally, the major risk is thought to be a high intake of 

carbohydrate rich concentrates, particularly if they are rapidly fermenting and 

associated with a low fibre intake (Nilsson, 1963). Environmentally, the most harmful 

challenge to the claw is undoubtedly housing and in particular the floor surfaces over 

which the cows walk. Concrete surfaces which are extremely smooth can result in 

slippage or injury to the claws and slurry creates an environment which softens the claw 

hom,. causing a greater rate of weaTand an increased risk of damage (Kempson et al., 

1998). 

Development of the claw biopsy method has made it possible to monitor 

changes in the claw tissue and to investigate the effects of management intervention on 

the cell biological processes of the claw. This study was carried out in order to 

determine if environmental and nutritional stressors have an effect on keratinising 

tissues of the claw and, therefore , in the development of structural or biochemical 

lesions which lead to lameness. 
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4.2 NUTERIALS AND METHODS 

4.2.1 Animals 

Eighteen mixed-parity mid-lactation Holstein-Friesian cows were selected for 

this study. The animals were divided into three balanced parity groups of six cows. 

Sixteen of the animals had no previous lameness incidents and the other two animals 

had only one previous lameness occurrence. 

Group one were a control group and no changes were made to their management 

throughout the experiment. The animals were grazed at pasture and were given no 

experimental feed supplement. Group two were subject to nutritional challenge. They 

were maintained on bare pasture and fed wet silage (15.9% DM) and a high protein 

supplement (7kg/d of a 20% crude protein concentrate). Group three were subject to 

both environmental and nutritional challenge. These cows were housed in cubicles with 

concrete flooring and fed a diet consisting of wet silage and a high protein concentrate 

as for group two. Treatment lasted for eight weeks during the summer of 1995. 

4.2.2 Claw biopsies 

Claw biopsies were performed pre-treatment and immediately post-treatment 

and were obtained from the abaxial wall of the claw as described previously. The initial 

biopsies were obtained from the outer claw of the left hind foot and those performed 

post-treatment were obtained from the outer claw of the right hind foot. From each 10 

mm drilled hole we attempted to remove five biopsy cores, however, the amount of 

tissue obtained was often much less due to problems With the biopsy punches. Due to 

the large number of animals in the experiment, pre-treatrnent biopsies were carried out 

over three days, as were the post-treatment biopsies. Six animals were sampled each 

day (two cows from each of the three treatment groups). Biopsy samples were cultured 
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as described in Chapter 2. Claw examinations were performed twice. The claws of all 

the cows were examined before the first and second biopsies were taken. 

4.2.3 Statistical analysis 

Paired and unpaired t tests, analysis of variance (general linear model) and 

analysis of covariance were all performed using Minitaý (Release 7.2, Minitab Inc., 

Pennsylvania, USA). 

4.3 RESULTS 

4.3.1 Animals 

The cows were examined for the first time on 26,27 June 1995. All had 

clinically normal claws and were walking without any difficulties. 

The first biopsies were carried out on 27,28 and 29 June. The quality and 

amount of tissue obtained from each animal varied considerably due to problems With 

the biopsy punches (Chapter 3). In two animals it was impossible to obtain any viable 

tissue at all. From the other sixteen animals, the average number of biopsy cores 

obtained per cow was 2.00 ± 0.229. The average amount of tissue obtained for culture 

from each animal was 28.49 ± 3.21 mg. 

The second set of examinations were carried out on 15,16 August. The biopsy 

sites were examined closely and there were no signs of infection. There were also no 

visible indications of a larninitic change i. e.; there was no redness or heat at the 

coronary band and no yellowing or softening of the claw horn. It should be mentioned 

here that due to problems With the camera no photographs were obtained from this set 

of examinations. It was not, therefore, possible to carry out image analysis and 

calculate lesion scores which took account of the size and severity of the lesions. 
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However, the total number of lesions was calculated from the claw diagrams and the 

results analysed as described below. 

The second biopsies were performed on 15,16 and 17 August and were more 

successful than the first in terms of quality and amounts of tissue obtained. Our ability 

to obtain good quality tissue cores improved with practice. The average number of 

biopsy cores obtained from each animal was 3.44 ± 0.12. The average amount of tissue 

obtained for culture from each animal had nearly doubled compared to the first biopsy 

and was 49.74 ± 2.96 mg. 

4.3.2 Cell proliferation 

Figure 4.1 shows the results obtained for cell proliferation. Before treatment, 

proliferation was high in the control group. Post-treatment, it had notably increased in 

all three groups and was again high in the controls. There was, however, much 

variation in the results ftom the controls both pre-treatment (12.80 to 1817.44) and post- 

treatment (356.67 to 2120.92 dpm/ggDNA/h). 

The data were analysed for the effects of group on cell proliferation. Using 

unpaired t tests and analysing the pre- and post-treatment results separately, there were 

no significant differences between any of the groups before treatment. However, after 

treatment proliferation was significantly lower in the doubly challenged group 

compared to the controls (229.24 ± 58.78 vs 873.31 ± 330.20 dpm/ýigDNA/h, p==0.032,, 

unpaired t test on log transformed data). 

Analysis of variance (general linear model, Minitab) on the complete data set 

confirmed that there was a significant effect of group. Proliferation was higher in the 

controls than in either of the challenged groups (Table 4.1). The post-treatment data 

were then analYsed again, using the pre-treatment data as a covariate to adjust for pre- 
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existing differences unrelated to the individual treatments and this also found a 

significant effect of group on cell proliferation (ancova). 

The results were also analysed for effects of time on cell proliferation. When 

the groups were analysed separately using paired t tests, proliferation was significantly 

higher post-treatment compared to pre-treatment in both the nutritionally challenged 

and doubly challenged groups (43.81 ± 13.63 vs 310.24 ± 93.60; p=0.046, paired t test 

on log transformed data and 85.44 ± 33.30 vs 229.24 ± 58.78 dpm/ggDNA/h; p=0.0039, 

paired t test). A significant effect of time was also found when the data from the two 

challenged groups (alone) were analysed using analysis of variance (general Imear 

model). Proliferation was clearly higher post-treatment compared to pre-treatment (also 

shown in Table 4.1). With the control group data included in this analysis the effect of 

time was much less, but still present. 

There was no significant interaction between group and time, therefore, changes 

in proliferation in the nutritionally challenged group were the same as those in the 

doubly challenged group. Looking at Figure 4.1, the extent to which proliferation 

changes appears to be similar in the two groups. 

4.3.3 Protein synthesis 

Figure 4.2 shows the results obtained for protein synthesis. Pre-treatment, 

protein synthesis was high in the control group. In both challenged groups, synthesis 

tended to increase after treatment, but this did not happen in the controls. Post- 

treatment, synthesis was very similar in all three groups. 

The results were analysed for effects of time on protein synthesis. When the 

groups were analysed separately using paired t tests, there were no significant 

differences between pre- and post-treatment values in any of the groups. However, 
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analysis of variance (general linear model) on the data from the two challenged groups 

(alone) did find a significant effect of time. Protein synthesis was higher after treatment 

compared to before treatment in both of the challenged groups but not in the controls 

(Table 4.2), so when the analysis was repeated with control data included the time 

effect disappeared. 

The data were also analysed for effects of group. Unpaired t tests found no 

significant difference between any of the groups either before or after treatment, 

Analysis of variance (general linear model) also found no effect of group on protein 

synthesis (also shown in Table 4.2). 

The interaction between group and time was not significant and, therefore, 

changes in protein synthesis were the same in the two challenged groups. 

4.3.4 Claw examinations 

Data from the claw examinations are shown in Table 4.3. Changes in all 

parameters were analysed using paired and unpaired t tests on normal and log 

transformed data. The effects of group and time were further analysed using analysis 

of variance. 

Area lesion number tended to decrease after treatment in all three groups. Wear 

could not be analysed for the effects of time, as data were not available from the first 

measurement, since this was when the first mark was made on the claw. However, 

there was a significant effect of group on wear (p=O. 0 13, anova). Post-treatment, wear 

was sigmficantly greater in the doubly challenged group when compared to the 

nutritionally challenged and control groups. Time had a significant effect on angle of 

the outer claw (p--0.035, anova), which tended to decrease after treatment and 

significantly so when average pre- and post-treatment values were compared. Length 
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of the outer and inner claws increased significantly after treatment in the nutritionally 

challenged group. Length of the outer claw was also significantly greater in the controls 

following treatment. However, there was no overall significant effect of time on claw 

lengtb (outer, p=0.360 , inner, p=0.585, anova). 
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Figure 4.1 Cell proliferation (measured as 3 H-thymidine incorporation) in claw 

tissue biopsies obtained pre- and post- treatment from control, nutritionally 

challenged and nutritionally and environmentally (doubly) challenged cows. Values 

are means ± s. e.; n=5 or 6. P<0.05 when companng pre- and post-treatment values 

using a paired t test on absolute data (*) or log transformed data (**) 
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Figure 4.2 Protein synthesis (measured as 35 S-methionine incorporation) in claw 

tissue biopsies obtained pre- and post-treatment from control, nutritionally 

challenged and nutritionally and envirorumentally (doubly) challenged cows. Values 

are means ± s, e.; n=4(nutntional challenge pre-treatment), 5 or 6. *p<0.05 when 

is of v 'ance (general li comparing pre- and post-treatment values using analysi an inear 

model) on data from the two challenged groups alone. 
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Mean s. d. P value 

1 610.32 (n=1 1) 132.50 

Group 2 177.02 (m--l 1) 132.50 0.037 

3 157.34 (n-- 11) 132.50 

Pre 158.86 (n--16) 109.80 
0.051 

Post 470.93 (n=17) 106.60 
Time 

Pre* 64.63 (n=10) 46.69 
0.004 

Post* 269.74 (n--12) 42.62 

I Pre 347.32 (n--6) 178.70 
-7 

1 Post 873.31 (n--5) 195.80 

2 Pre 43.81 (n=5) 195.80 
Interaction 0.588 

2 Post 310.24 (n--6) 178.70 

3 Pre 85.44 (n--5) 195.80 

3 Post 229.24 (n--6) 178.70 

Table 4.1 Effect of (a) group, (b) time and (c) the interaction of these factors (gxt) 

on cell proliferation in control (group 1), nutritionally challenged (group 2) and 

doubly challenged (group 3) cows, Results were analysed by analysis of variance 

(general linear model). Values are means and standard deviations, p<0.05 is 

significant. *=-analysis excluding data from the control group. (a) Group is the mean 

of pre and post treatment values for groups 1,2 and 3. (b) Time is the mean of all 3 

groups pre and post treatment and then (*) the mean of the two treatment groups pre 

and post treatment, excluding controls. (c) Interaction between group and time. 
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Mean s. d. P value 

1 196.60 (n=10) 54.50 

Group 2 103.10 (n-- 10) 55.70 0.489 

3 138.80 (n---1 1) 52.20 

Pre 112.10 (n=14) 46.30 
0.286 

Post 180.3 0 (n= 17) 42.00 
Time 

Pre* 69.20 (n=9) 37.00 
0.049 

Post* 172.80 (n--12) 31.90 

I Pre 197.90 (n=5) 77.10 

1 Post 195.40 (n7--5) 77.10 

2 Pre 42.20 (n=4) 86.20 
Interaction 0.715 

2 Post 164.10 (n--6) 70.40 

3 Pre 96.30 (n--5) 77.10 

3 Post 181.40 (n=6) 70.40 

Table 4.2 Effect of (a) group, (b) time and (c) the interaction of these factors (gxt) 

on protein synthesis in control(group 1), nutritionally challenged(group 2) and 

doubly challenged(group 3) cows. Results were analysed by analysis of variance 

(general linear model). Values are means and standard deviations, p<0.05 is 

significant. *-analysis excluding data from the control group. (a) Group is the mean 

of pre and post treatment values for gToups 1,2 and 3. (b) Time Is the mean of all 3 

groups pre and post treatment and then (*) the mean of the two treatment groups pre 

and post treatment, excluding controls. (c) Interaction between group and time. 
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Group Pre-treatment Post-treatment 

1 1.83 ± 0.38 1.42 ± 0.08 
Locomotion score 2 1.75 ± 0.25 1.75 ± 0.25 

3 1.42 ± 0.08 1.50 ± 0.00 
Mean 1.67 ± 0.15 1.56 ± 0.09 

1 23.17 ± 1.42 10.67 ± 0.74 
Area lesion no. 2 20.83 ± 1.56 18.50 ± 1.32 

3 20.83 ± 0.64 13.33 ± 0.84 
Mean 21.61 ± 1.20 14.17 ± 0.54 

1 4.17 ± 0.72 3.33 ± 0.32 
Linear lesion no. 2 4.00 ± 0.80 6.17 ± 0.71 

3 4.33 ± 0.45 4.00 ± 0.33 
Mean 4.17 ± 0.54 4.50 ± 0.32 

1 5.34 ± 0.79 
Growth 2 5.31 ± 0.70 
(mm. /month) 3 4.44 ± 0.46 

Mean 5.03 ± 0.37 

1 3.27 ± 0.84 a 
Wear (mm/month) 2 2.19 ± 0.93 a 

3 6.62 ± 0.78 b 
Mean 4.03 ± 0.65 

1 82.45 ± 0.60 83.09 ± 0.89 
Hardness 2 82.61 ± 0.43 83.03 ± 0.60 

3 83.93 ± 0.42 83.60 ± 1.42 
Mean 83.00 ± 0.31 83.24 ± 0.56 

1 47.00 ± 2.21 45.17 ± 1.68 
Angle outer claw 2 49.20 ± 1.77 42.67 ± 2.50 

3 44.83 ± 1.30 41.17 ± 2.30 
Mean 47.01 ± 1.00 a 43.00 ± 1.30 b 
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1 47.40 ± 2.36 44.17 ± 1.56 
Angle inner claw 2 45.25 ± 1.70 44.83 ± 1.85 

3 44.50 ± 1.12 42.83 ± 2.20 
Mean 45.67 ± 0.99 43.94 ± 1.00 

1 78.67 ± 3.48 a 81.33 ± 3.48 b 
Length outer claw 2 79.17 ± 1.80 a 83.33 ± 1.89 b 
(mm) 3 84.33 ± 2.06 82.83 ± 2.18 

Mean 80.72 1.50 82.50 ± 1.40 

1 77.83 2.90 78.67 ± 2.80 
Length inner claw 2 79.00 1.13 a 83.67 ± 1.74 b 
(mm) 3 82.83 ± 1.38 80.83 ± 2.07 

Mean 79.89 ± 1.20 81.06 ± 1.30 

Table 4.3 Claw examination data for control (group 1), nutritionally challenged 

(group 2) and nutritionally and environnientally challenged (group 3) cows. 

Analysis of pre-treatment and post-treatment differences. Values are means ± s. e. 

Within each block, adjacent values which have a different letter are 

significantly different, p<0.05 or greater. Horizontal comparisons are paired t tests 

and vertical comparisons are unpaired t tests. 
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4.4 DISCUSSION 

Protein synthesis was found to be higher post-treatment in the two treatment 

groups but not in the controls. Cell proliferation was also higher post-treatment in both 

the treatment groups but also tended to increase in the controls as well. It is unlikely, 

therefore, that the post-treatment increase in cell proliferation was an effect of 

challenge because it also increased in the controls and this may be evidence that the 

biopsy procedure itself can have an affect on the tissue. Cell proliferation may have 

increased in order to repair or replace damaged tissue. Indeed, the biopsy procedure is 

very invasive and the second biopsy was obtained only eight weeks after the first which 

may not have been enough time for the tissues to recover. 

It is also very important to consider the large difference in both protein synthesis 

and cell proliferation between the controls and the two treatment groups pre-treatment 

and also the large standard errors for the controls. The difference between the controls 

and the other two groups may have been related to the individual cows in these groups, 

however , it was most likely due to problems with the analytical methods. Samples were 

initially analysed in small batches (n--6) and this may have introduced error due to the 

use of different buffers. In future experiments samples were kept and analysed in one 

large batch where appropriate and standard errors were smaller. The results from the 

control animals in this study may not, therefore, reflect true controls. 

Nevertheless, the results for the control group for protein synthesis did not 

change significantly post-treatment and they did for the two treatment groups. This may 

be some evidence that nutritional and environmental stressors, could have an effect on 

hoof keratinisation. Abnormal protein synthesis may affect keratinisation and could 

ultimately result in the development of poor quality horn. Nutritional and 

environmental stress on the biology of the hoof could explain the increased number of 
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cases of lameness observed after calving at which time there are major changes in diet 

and usually introduction to housing. 

Previous studies have also regarded nutritional and environmental 

mismanagement to be causative factors of laminitis. The dietaTy change which is most 

commonly implicated in laminitis is the sudden increase in carbohydrate rich 

concentrates. This can lead to a disturbance in the microbial environment of the irumen 

(Peterse et aL, 1986), which can cause acidosis and result in the release of vaso-active 

toxins which are thought to adversely affect the microvasculature of the digital corium. 

These toxic substances include histamine, lactic acid or endotoxin (Nilsson, 1963; 

Maclean, 1965,1966; Peterse, 1986). It is suggested that they severely disturb the 

haemodynamics in the dermis, leading to tissue hypoxia and nutrient starvation, 

followed by ischaemic necrosis. A prolonged decrease in perfusion rate would damage 

the keratinocytes and result in the production of poor quality hom. 

Protein may also be an important dietary factor to consider in the pathogenesis 

of laminitis, however, its role is not fully understood. Feeding protein at levels in 

excess of 18% (crude protein in the dry matter) has been associated with laminitis 

(Manson and Leaver, 1988b; Bargai et aL, 1992). However, in other studies no such 

relationship could be established (Greenough et aL, 1990). 

The protein synthesis results from this study are difficult to explain and it would 

be a gross over simplification to attribute any changes to the effects of altered diet 

alone. 

Protein synthesis also rose after treatment in the doubly challenged group 

suggesting that environmental changes may also affect keratinisation, however, again 

this may be over simplifying the results. It would have been interesting to have a group 

which was environmentally challenged only, however, this would have caused 
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considerable management problems in what to feed them. Therefore, we cannot tell if 

any effects of environmental challenge occur irrespective of nutritional challenge, but 

previous studies have found that environment is an important factor to consider in the 

development of laminitis. 

Housing has been related to lameness in many studies. Vermunt and Greenough 

(I 996a) found that although solear haemorrhages occurred in the claws of heifers 

managed both outside and inside on concrete floors, the animals inside had the greatest 

number of lesions overall and also suffered the most severe lesions. The floor surfaces 

over which cows walk when housed can result in considerable trauma to the claw. 

Concrete surfaces are sometimes extremely smooth which increases the risk of slippage 

and injury, although no injuries were detected in our studies. Slurry can soften the claw 

bom, allowing the rate of wear to increase and enhancing the risk of daniage. It is not 

surprising that in this study, wear post-treatment was significantly greater in the doubly 

challenged group which was housed compared to the other two groups which were 

outside on soft ground. 

Several workers have associated laminitis with over-exercise on hard surfaces 

(Colam-Ainsworth et aL, 1989; Nilsson, 1963; Dewes, 1979; Bazeley and Pinsent, 

1984). Compressive stress and mechanical injury of the dermis, sandwiched between 

the sole hom and distal phalanx, may occur after prolonged periods standing on 

concrete floors. Mechanical pressure has been shown to result in prolonged dilation of 

arteriovenous, anastomoses (Grant, 1930). It has been suggested that this, in turn, may 

lead to a rise in local venous pressure, which spreads to the capillary bed, thereby 

raising capillary pressure. This may result in capillary congestion and lead to oedema 

and focal haemorrhages in the capillary beds of the affected tissues (Vermunt, 1992). 

Therefore, it seems reasonable to assume that haemorrhages will eventually occur in 
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those regions of the weight-beanng surface which correspond with areas of the dermis 

where most load is being bome. 

Nutritional challenge and environmental challenge may, therefore, by 

themselves have important effects on the biology of the hoof, however, it is generally 

accepted that laminitis has a multifactorial aetiology (Mortensen and Hesselholt, 1982). 

Logue et al. (1994) suggested that nutrition is only likely to cause a major influence if 

it is very unbalanced or if there are further confounding factors such as sudden 

introduction to housing. 

This discussion has assumed so far that housing and a sudden change in diet are 

insults to the hoof tissues,, mainly because the previous literature has suggested so. 

However, there is the possibility that these factors could in fact be beneficial to the 

hoof Leach et al. (1997) found that lesions can significantly recover while animals are 

still housed. They concluded that physiological factors associated with reproductive 

state may be more important in the pathogenesis of lesions than changes in physical 

conditions. In this study area lesion number tended to decrease after treatment in all 

three groups and locomotion score did not change significantly, despite any effects of 

the biopsy procedure. These findings suggest that housing and the change in diet did 

not actually cause any increase in lameness and lesions. However, this experiment was 

conducted over a relatively short time period of eight weeks which, in retrospect, was 

probably not long enough to detect any major changes in lesion numbers, since lesions 

are known to take several weeks to develop after the initial insult to the claw (Leach et 

al., 1997). 

It has been held so far that because the treatments are assumed to be adverse, 

that the apparent increase in protein synthesis would also be detrimental to the claw, 

however,, whether protein synthesis is increasing or decreasing may be related to the 
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stage of lameness and this is discussed in greater detail in later chapters. 

Angle of the outer claw tended to be lower after treatment in all three groups 

including the controls and this suggests it was not an effect of treatment. It may have 

been a result of the biopsy procedure itself, which could alter the way in which an 

animal distributes pressure on the claw. It could also have been a result of claw 

trimming during the first examination. The increase in length of the outer claws 

specifically may also have been a response to biopsy, since growth may have increased 

to compensate for damaged tissue. Length may have been longer, however, due to other 

factors such as a summer increase in growth rate (Chapter 5). Interestingly, length of 

the outer claw did not increase in the doubly challenged group and this correlates with 

the higher level of wear in this group. It is in the doubly challenged group that we 

expected any changes to be most apparent, because housing has previously been 

associated with changes in claw traits. Simensen (1977) found that the type of floor 

affected claw length and angle of the dorsal border in sheep. Hard floors resulted in 

short and steep claws. Vermunt and Greenough (I 996b) also found that heifers 

maintained inside on concrete floors had shorter and steeper claws compared to heifers 

outside. In this study, however, there was no evidence of an effect of housing on claw 

length or angle. Again, this experiment was probably not over a long enough time 

period to detect any major changes in claw traits. 

To conclude,, the results of this study suggest that either or both nutritional and 

environmental stressors may cause changes within the hoof at a cell biological level and 

so influence the production of hom, however, further investigation is required to 

confirm this. 
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CHAPTER FIVE 

SEASONAL AND REPRODUCTIVE INFLUENCES ON THE BOVINE CLA W 

IN FIRST CAL PING HEIFERS 

5.1 INTRODUCTION 

Laminitis is particularly prevalent in winter calving heifers (Eddy and Scott, 

1980; Bazeley and Pinsent, 1984; Rowlands et al., 1985). Previous authors have usually 

attributed this to a sudden introduction to housing and the accompanying change in diet, 

and our own findings indicate that these factors are important (Chapter 4). However,, 

this does not explain other research in which a pronounced seasonal incidence of 

laminitis was observed in herds which were maintained on pasture all year round 

(Chesterton et al., 1989; Tranter and Morris, 199 1). Perhaps other factors, such as the 

physiological and endocrinological changes associated with calving, are just as 

important in predisposing heifers to laminitis. 

The claw biopsy technique, coupled with that of tissue culture has provided us 

with the opportunity to study long-tertn developmental changes which occur in the 

claws of both summer and winter calving heifers during pregnancy and lactation. 

5.2 MATERIALS AND METHODS 

5.2.1 Animals 

Two groups of seven Holstein-Friesian heifers from the Hannah Research 

Institute herd were used in this study. The first group were winter calvers and the 

second group were summer calvers. Biopsies were initially obtained from the left hind 

outer claw in both groups and then from the alternate hind outer claw at following 

samplings. The winter calvers, which calved during November of 1995, were sampled 
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in July 1995 during mid-pregnancy (18 weeks pre-partum), November 1995 when 

animals were two weeks pre-partum, and also in December 1995 which was two weeks 

post-partum. These animals were kept at grass until 2 weeks pre-partum when, 

following normal management practice, they were moved onto concrete floored 

cubicles for the winter. Whilst housed,, diet was a silage-based total mixed ration in the 

proportion 40 parts grass silage to 7 parts of a proprietary protein concentrate (22% 

crude protein), fed ad libitum. The overall protein content of the diet was approXIMately 

17% crude protein. All seven heifers developed claw disorders during housing, 

including haemorrhages of the white line and sole ulcers. Six of the seven failed to 

recover satisfactorily and were slaughtered at either ten or fourteen weeks after calving 

and tissue was obtained from their claws,, using a biopsy punch,, immediately post- 

mortem after collection from a commercial abattoir. Further details are given in the 

results section. 

The second group of heifers were summer calvers, which calved during July 

1996. These heifers were sampled during August 1995 (eight weeks before 

insemination), November 1995 during early pregnancy (3 weeks post-conception), April 

1996 during mid-pregnancy (13 weeks pre-partum),, two weeks pre-partum (July 1996), 

two and six weeks post-partum. These animals were grazed from adolescence and 

throughout this experiment and were not housed during winter 1995/1996. Winter 

ration for these cows was big-bale grass silage with no additional protein supplement. 

Following calving they were fed an 18% crude protein concentrate in the milking 

pariour according to milk yield. 

The claw biopsies obtained were cultured as described in Chapter 2. Claw 

examinations were performed shortly before each biopsy. The summer calving heifers 

were examined seven times and the winter calving heifers were examined five times. 

89 



5.2.2 Statistical analysis 

Paired and unpaired t tests and non-parametric analyses (Wilcoxon signed rank 

test) were performed using Mnitabrm(Release 7.2, NfinItab Inc., Pennsylvania, USA). 

Analysis of variance was performed using Genstat 5Tm(Release 2.2, Lawes Agricultural 

Trust,, Rothamsted Experimental Station, Herts., UK). 

5.3 RESULTS 

5.3.1 Biopsies 

5.3.1.1 Winter calvers 

At the beginning of experimental treatment, on 7 July 1995, the heifers were 

examined for the first time. At this time, the heifers were very young (2 years old) and 

all had clinically normal claws and no history of lameness. The winter calvers were first 

sampled during mid-pregnancy (July 1995). From each of the seven animals, four 

biopsy cores were obtained from each 10 mm drilled hole. However,, the tissue varied 

in quality, mostly due to problems with the biopsy punches (Chapter 3), and some tissue 

cores contained only horn, so were not suitable for culture. The average amount of 

tissue used for culture from each animal was 33.01 mg. However, our ability to obtain 

good quality tissue cores improved with practice, so the average amount of tissue 

obtained in later biopsy procedures was usually about 50 mg per animal. 

The next set of claw examinations was carried out in November 1995, during 

late pregnancy. All the heifers had clinically nonnal claws and there appeared to be no 

damage to the horn from the first biopsy. The first biopsy hole had grown down the 

claw wall and was far enough down to be trimmed away using a hoof knife. 

Immediately after this set of claw examinations, and following the normal management 

regime for the rest of the herd, the heifers were moved from grazing onto concrete 
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floored cubicles and their diet was altered from grass to silage and concentrates (as 

described in methods). The animals were next sampled five days after this move from 

grazing and all were shoWing signs of lameness. Their feet were red and hot to touch 

around the coronary band. All seven of the animals were sampled and an average of 

53.16 mg of tissue was obtained from each. The animals were then returned to winter 

housing, where they remained until calving,, and after which they were introduced into 

the milking herd. 

When next examined in December, all the animals were approximately 2 weeks 

post-partum, and all were lame. There was extensive solear haemorrhage and under- 

running of the horn and in some animals exposure of the corium. could be seen on both 

the claw sole and wall. Solear haemorrhage occuffed mostly on the hind claws and 

around the biopsy areas. One heifer was very lame due to deep solear haemorrhages 

and solear ulcers on both the inner and outer claws of the right and left hind feet, and 

it was decided not to biopsy her. The other six animals were sampled the following day 

and four biopsy cores were obtained, with an average of 59.85 mg of tissue from each 

animal. On this occasion the claw tissue biopsies were cultured in the presence of L- 

[35 S]-methionine only, i. e. [3 H]-thymidine was not added. This was done because of 

concerns about the low levels of incorporation of both isotopes obtained at the previous 

biopsy (see below). However, these concerns proved to be ill-founded. 

The next set of claw examinations took place in January 1996 (10 weeks post- 

partwn). All of the seven cows were lame, With deep solear haernorrhaging and solear 

ulcers. Three heifers were particularly affected and were having extreme difficulty 

walking. When the biopsy holes on the claw wall were looked at more closely, 

underlying infection was apparent around the biopsy sites and in some of the animals, 

the corium was exposed and the surrounding tissue was red raw and bleeding. On 
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veterinary advice, it was decided to slaughter the three very lame animals. After 

obtaining their claws from the abattoir,, tissue was obtained post-mortem using a biopsy 

punch. Five biopsy cores were obtained from each claw in the same way as described 

for the in vivo biopsies and an average of 87.77 mg of tissue was obtained from each 

cow. We were able to obtain a much larger amount of tissue because the biopsies were 

much easier to perfonn post-mortem. In the previous analysis, no significant 

differences were found when the tissue was labelled with one radioactive-isotope only, 

therefore,, all tissue was again cultured in the presence of both L-[35S]-methionine and 

[ H]-thymidine. 

The other four remaining cows were also lame during January 1996, however,, 

we did not slaughter them, as they were not so severely affected and they were left 

indoors. They were examined again four weeks later (February 1996). Three were still 

lame and had deep solear haemorrhaging and solear ulcers and were receiving antibiotic 

treatment twice a day (20 ml/duphacillin, i/m). These three animals were culled in 

March and their claws were sampled post-mortem. The claws of one of these were 

badly damaged due to infection of previous biopsy sites and it was impossible to obtain 

any tissue at all. The tissue crumbled on removal with the biopsy punch. From the 

other two animals., five cores were taken and an average of 92.50 mg was obtained from 

each cow. 

The one remaining animal from this group appeared to be recovering and, 

therefore, was not slaughtered. In order to allow her to recover fully, we did not sample 

her again. 

5.3.1.2 Summer calvers 

The summer calving heifers were first examined on 18 August 1995. These 
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animals had been grazed throughout adolescence and had never been housed- Like the 

winter calving heifers, these animals were very young at the start of experimental 

treatment, the average age being 1.5 years. The claws of all seven were in good 

condition and there was no history of any lameness problems. The first biopsies were 

taken in August 1995, at eight weeks pre-conception. Biopsies were obtained from all 

seven of the animals and the average amount of tissue obtained was 53.04 mg. The 

depth required to drill through the hom of the claw wall to reach the underlying corium 

was very shallow, probably due to the young age of these animals, and this made the 

biopsies easy to obtain. Following the biopsy procedure, the animals were immediately 

returned to grazing. 

Synchronisation of ovulation and artificial insemination took place on 16 

October 1995. All seven conceived. In November 1995,, during early pregnancy, claw 

examinations were carried out again. All of the heifers had clinically normal claws. 

The last biopsy site was still visible but was not quite far enough down the claw wall 

for trimming out. However, there was no gross sign of any infection in any of the 

animals. The heifers were sampled six days after this examination. Again, all seven of 

the cows were sampled without any difficulties and an average of 57.88 mg of tissue 

was obtained from each animal. 

Claw examinations were next carried out in April 1996 (mid-pregnancy). 

Although most of the claws were in good condition, there was some solear 

haemorrhaging around previous biopsy sites. However, this was not severe and most 

was trimmed out using a hoof knife. All the heifers walked without difficulty. Two 

days after this examination the heifers were sampled again and an average of 55.65 mg 

of tissue was obtained peTanimal. 

Approximately two weeks before calving, in June 1996, claw examinations 
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were carried out again. In all animals, except one, the feet were in good condition and 

previous biopsy sites were healing and some had been trimmed out. The remaining 

heifer had an infected solear ulcer on the left hind outer claw. When the animals were 

next sampled five days later, she was omitted. The animals were heavily pregnant at 

this time and particular care had to be taken with the procedure, however, sufficient 

amounts of tissue were obtained for culture from all (average 62.70 mg/animal). 

Following this set of biopsies, the heifers were returned to and calved at grass. 

However, calving was spread over several weeks as some of the animals were very late 

to give birth. Therefore, the dates on which the group were next to be sampled (at two 

and six weeks post-partum), became separated over several weeks. All members of the 

group were also examined a further three times, on different dates, during August and 

September 1996, as described below. 

Six of the heifers, including the one not sampled in July, were sampled at two 

weeks after calving. One was not sampled as she was very lame on the right hind outer 

claw, following infection of the last biopsy site, and no viable tissue was obtained from 

one of the six which were sampled. The average amount of tissue obtained was 46.95 

mg from each of five cows. 

The final set of biopsies from these summer calvers, was taken six weeks after 

calving. All arnmals were sampled at this stage, except for the one who had previously 

been omitted in July and who was suffering from extensive solear haemorrhaging on 

both hind feet. The amount of tissue obtained was more variable on this occasion due 

to build up of scar tissue in two animals. Generally, the summer calving heifers 

recovered well after each biopsy and infection of biopsy sites was much less with this 

group when compared to the winter calvers. 
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5.3.2 Cell proliferation 

Figure 5.1 illustrates the results obtained for cell proliferation in the winter and 

summer calvers, In the winter calvers, cell proliferation was very high during mid- 

pregnancy, fell during late pregnancy and then increased slightly after calving and 

during early lactation. In the summer group, however, the pattern was reversed with 

respect to reproductive state in that proliferation was very high prior to conception, low 

in early pregnancy, increased slightly at mid-pregnancy, higher in late pregnancy and 

decreased post-partum. 

Changes during pregnancy and lactation were analysed using paired and 

unpaired t tests. Proliferation in the summer calvers had significantly increased at mid- 

pregnancy compared to early pregnancy values (12.74 ± 4.47 vs 147.52 ± 23.73 

dpm/ýigDNA/h, p=0.0017, paired t test). The individual results for each animal showed 

that five of the six heifers had an increased rate of proliferation at late pregnancy when 

compared to mid-pregnancy values, however, overall this was not significant (Table 

5.1). This was also not consistent With the findings for the winter calvers, in which 

proliferation decreased significantly between mid and late pregnancy. Not surprisingly 

then, values obtained for the summer calvers, at late pregnancy were significantly higher 

than those for the winter calvers at this stage of reproduction (Table 5.1). Combining 

results from the two groups, there was no significant difference between mid and late 

pregnancy. Immediately after calving, proliferation in the summer calvers fell very 

considerably (but not significantly) and continued to be low during early lactation 

(388.24 ± 91.34 vs 81.68 ± 7.94 dpm/[tgDNA/h, p==O. 11, paired t test). Ten weeks after 

calving, biopsies were taken post-mortem from the claws of three animals from the 

winter calving group (269,272,273) and in all three individual cows, proliferation was 

higher than at late pregnancy. 
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The effects of parturition in both groups were further analysed by comparison 

of the values obtained at late pregnancy with the average of all biopsies obtamiedpost- 

partum for each cow (Table 5.2). Analysing the groups separately, cell proliferation 

rose post-partum in the winter calvers,, which had developed severe lameness, and 

decreased very markedly in the summer calvers. Both effects were significant. 

Season also had a very powerful effect on cell proliferation, with differences 

between the groups clearly being related to time of year. Results were plotted on a 

common chronological abscissae and the influence of season was very obvious with cell 

proliferation being much higher during the summer than in the winter (Figure 5.1). 

Proliferation was very high in both groups during the summer (1995), but was notably 

higher in the summer group. The absolute values of the 14 individuals also varied 

considerably at this time (range in cell proliferation values 72.30 to 890.38 

dprn/ýigDNA/h). Interestingly, when results for the two groups were combined, 

proliferation was again significantly higher during the summer months. Seasonal 

change was, therefore, a consistent one. The significant effects of season were 

confirmed using paired and unpaired t tests, as shown in Table 5.3. 

Analysis of variance on the log transform of the data confirmed significant 

differences between winter and summer groups, significant effects of time, and a 

significant interaction between these two factors (Table 5.4). 

5.3.3 Protein synt esis 

Results obtained for protein synthesis in the winter and summer calvers, are 

shown in Figure 5.2. Throughout the experiment, protein synthesis had a very similar 

pattern to that for cell proliferation. In the winter calvers, protein synthesis was very 

high at mid-pregnancy. It had dramatically decreased by late pregnancy and increased 
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only slightly after calving. In the summer calvers, synthesis was extremely high pre- 

conception, fell considerably during early pregnancy, increased at mid-pregnancy and 

did not change at late pregnancy, folloWing calving or during lactation. 

The data were analysed using paired and unpaired t tests and non-parametric 

tests. Immediately following calving, protein synthesis in the winter calvers, which had 

become lame,. increased significantly when compared to results obtained during late 

pregnancy. However,, ten weeks after calving, post-mortem values had not changed 

significantly, despite each of the three individual animals having a higher value 

compared to December (269,272,273) (6.20 ± 0.97 vs 22.16 ± 10.03 dpm/ggDNA/h. 

p=0.3 1, paired t test). In the summer calvers,, during mid-gestation, there was a notable 

increase in synthesis compared to early pregnancy values (5.93 ± 1.27 vs, 42.65 ± 14.01 

dpm/[tgDNA/h, p=0.036, Wilcoxon). However, between mid-pregnancy and late 

pregnancy, there was no significant change , in contrast to the winter calvers in which 

synthesis had dramatically decreased between these times (Table 5.5). The groups were 

also compared for values obtained at late pregnancy and synthesis was significantly 

greater in the summer calvers at this time. 

Late pregnancy results were compared with the average of the 3(winter group) 

or 2(summer group) post-partum results for each cow. Data were analysed as described 

previously and this confirmed that protein synthesis increased significantly after calving 

in the winter group, but did not change in the summer group (Table 5.7). Differences 

also occurred between groups, and this was evident when comparing average post- 

calving values. Protein synthesis was significantly higher in the summer calving group. 

This may have been an effect of lameness on the winter group. 

As described for cell proliferation, the reciprocal changes between the two 

groups could partly be explained by a very powerful effect of season (Table 5.8). The 
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data were analysed as described before and in both groups, synthesis was very 

considerably higher during the summer than the winter. This was very evident between 

July/August and November 1995, when protein synthesis decreased dramatically, 

irrespective oe differences between the groups in reproductive state. Synthesis was 

also significantly higher during the summer months when values from the two groups 

were coM ine . Therefore,, changes related to season were consistent and not restricted 

by stage of reproduction. However, the groups actually differed from each other within 

seasons, because synthesis was considerably higher In the summer calvers during 

July/August and also November, when compared to the winter calvers. 

Overall, there was a significant difference between winter and summer groups, 

a significant effect of time and also a significant interaction between these factors; all 

of which were confirmed by analysis of variance on the log transform of the data, as 

shown in Table 5.9. 

5.3.4 Locomotion score 

Figure 5.3 shows the results obtained for locomotion score in the winter and 

summer calvers. At the start of the experiment, locomotion score was very low in both 

groups, but was significantly worse (higher) in the summer calvers at this time (1.14 ± 

0.09 vs 1.50 ± 0.00, p=0.0082 unpaired t test). Throughout pregnancy values remained 

relatively constant and were very similar in both groups immediately pre-partum. Just 

after calving, however, there was a considerable increase in locomotion score and this 

was particularly evident in the winter group. During lactation, locomotion score in both 

groups remained notably higher than pre-partum values. 

The data were analysed using paired and unpaired t tests and non-parametric 

tests. Locomotion score increased after calving. This was confirmed by comparing 
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results from late pregnancy with the average of the 2(winter group) and 3(summer 

group) post-partum values for each cow. There was a significant increase in 

locomotion score after calving in both groups, as shown in Table 5.10, although the 

extent of the increase varied between groups withpost-partum locomotion score being 

significantly higher (worse) in the winter calving group. This was in contrast to the 

onset of the experiment, when locomotion score had been higher in the summer calvers. 

Season was found to have no significant effect on locomotion score at all, as shown in 

Table 5.11. Analysis of variance found a significant effect of time (Table 5.12). 

5.3.5 Area lesions 

Area lesion scores were calculated as described in Chapter 2. Results are shown 

in Figure 5.4. Area lesions were initially worse (higher) in the summer calving group. 

However, lesions worsened during the course of pregnancy and lactation in the winter 

calvers. In the summer group, area lesion score remained relatively constant throughout 

gestation but increased markedly during lactation. Lesion score eventually ended higher 

(worse) in the winter group. 

Non-paratnetric tests, paired t tests and unpaired t tests on absolute or log 

transformed data,, were used to analyse the changes. Area lesion score in the winter 

calvers, increased significantly between mid and late pregnancy (10.91 ± 2.10 vs 38.50 

± 6.90; p==0.039, paired t test). In both groups, lesion score did not change significantly 

immediately after calving, however, there was a very marked increase dunng lactation 

and this was particularly evident in the winter calvers, as shown in Table 5.13. 

Maximum values for both groups occurred at ten weeks post-partwn and at this 

time lesion scores were clearly higher in the winter calving group. This is as expected 

since the winter group suffered severe lameness, nevertheless, lesions did also increased 
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in the summer calvers, at this time. Results from both groups were combi is ined and thi 

also established that area lesion score increased through the early part of lactation and 

that this occurred irrespective of calving season. Late pregnancy values were compared 

with the average of the 3 post-partum values for each animal. Data were analysed in 

the same way as before and this confirmed that lesion scores were higher following 

parturition in both the winter and summer groups (Table 5.14). Similarly, when results 

from both groups were combined, lesions were greater following calving compared to 

late gestation. However,, there were differences between the groups, since lesions were 

significantly higher in the winter group post-partum and again this was probably related 

to the severe lameness in these animals. 

Time of year was also found to have an important effect on lesion score in the 

winter calvers. Analysing the data as described previously, lesions were higher (worse) 

during November than in July (1995)(Table 5.15). Unfortunately, it was not possible 

to study the effects of season in the summer group, as six values were missing from the 

data collected during November due to image analysis problems. 

Time and also the interaction with group were confirmed to have a significant 

effect on area lesion score by using analysis of variance on the log transformed data 

(Table 5.16). 

5.3.6 Linear lesions 

Linear lesion scores were also calculated as described in Chapter 2. Figure 5.5 

illustrates the results for linear lesion score in the winter and summer calvers. In the 

summer calvers, lesion score changed considerably throughout gestation. It was high 

prior to insemination, low in early pregnancy, had increased at mid-pregnancy but fell 

considerably at late pregnancy. In contrast, lesion score in the winter calvers was low 
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and did not change significantly through Pregnancy. However , in both groups lesion 

score had notably increased following calving and during early lactation. 

Changes in linear lesion score appeared to be related to stage of pregnancy or 

lactation. The data were analysed using paired and unpaired t tests and non-parametric 

analysis. This confirmed the dramatic fluctuations in lesion score which occurred in 

the summer group during gestation. Between pre-conception (August) and early 

pregnancy (November), lesion score decreased significantly (80.90 ± 25.00 vs 18.90 ± 

6.80, p=0.033, paired t test). By mid-gestation lesion score had increased very 

considerably (18.90 ± 6.80 vs 128.30 ± 28.00, p=0.0050, paired t test) but had fallen 

again by late pregnancy (128.30 ± 28.00 vs 17.80 ± 8.70, p=0.0 12, paired t test). Values 

obtained at late pregnancy were very similar to those obtained for the winter calvers at 

this time of gestation, despite the difference in time of year (Table 5.17). In the winter 

calvers, there seemed to be an increase in lesion score immediately after calving, 

however, this was not significant (18.90 ± 8.80 vs 88.00 ±51.00, p=0.25, paired t test)- 

The data showed that this increase was mostly attributed to two animals which had 

developed severe lesions after parturition (Figure 5.6). However, at ten weeks post- 

partum, lesion score had clearly increased and this significant change was reflected in 

the results for all seven cows (figure 5.7). Similarly, a significant increase occurred in 

the summer group immediately after calving and values remained high through lactation 

(17.80 ± 8.70 vs 76.60 ± 19.00, p=O. 0 14, paired t test). Not surprisingly, when values 

for the winter and summer groups were combined, lesion score was significantly higher 

at two weeks post-partwn compared to late pregnancy (18.3 9±5.90 vs 82.2 5± 26.00, 

11.032, unpaired t test). VV 

The changes associated with parturition were ftulher analysed by comparison 

of the results obtained at late pregnancy with the average of the three post-partum 
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results for each cow. Lesion score was significantly higher after calving in both groups 

and this was most evident in the winter calvers (Table 5.17). Results from both the 

winter and summer calvers were again combined and this further confirmed that lesion 

score increased after calving and that this occurred regardless of the time of year. 

However,, season was also found to influence lesion score and this could explain 

differences between the two groups. Analysing the data as before , in the summer 

calvers lesions were greater during August than in November (I 995)(Table 5.18). In 

the winter calvers there was no significant difference between seasons, however, 

combining the results from both groups, lesions were significantly higher during 

summer than winter. Values obtained during summer 1995 also varied between groups, 

since lesions were significantly greater in the summer calvers at this time of year. 

Analysis of variance on the log transform of the data confirmed that time and 

the interaction of group and time both significantly influenced linear lesion score and 

this is shown in Table 5.19. 

5.3.7 Growth 

Results for growth in the winter and summer calvers are shown in Figure 5.8. 

Growth was measured as the distance between consecutive marks on the claw wall, 

therefore, no data were available for July/August 1995, since this was when the first 

mark was made. In the summer calvers, growth was low and did not change throughout 

pregnancy. However, immediately after calving and during early lactation, growth 

increased but then fell notably as lactation progressed. Growth in the winter calvers 

also appeared to increase immediately following calving and then remained constant 

through lactation. 

Paired and unpaired t tests were used to analyse the changes in growth, which 
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appeared to be related to calving. The increase in growth at two weeks following 

parturition was not significant in either group (winter calvers; 3.16 ± 0.43 vs 3.90 ± 

0.69, p=0.40 paired t test)(summer calvers; 3.83 ± 0.18 vs 5.07 ± 0.63, p=O. 15 paired 

ttest). However, when mean post-partum values were compared with those from late 

gestation growth had increased after calving in both groups (Table 5.20). These effects 

of calving were consistent and occurred irrespective of parturition date because 

combining the data from both groups, growth was also significantly greater post-partum 

than pre-partum. However, growth also varied between groups, being significantly 

higher in the summer calvers post-partum. The effects of season on growth could not 

be analysed due to the missing data for July/August 1995. Table 5.21 shows that the 

significant effect of time on growth was confirtned by analysis of variance. 

5.3.8 Wear 

Figure 5.9 shows the results obtained for wear in the winter and summer calvers. 

In the summer calvers, wear remained relatively constant throughout gestation. 

However, there was a very major increase immediately after parturition, and this also 

occurred in the winter calvers. During lactation, however, wear had notably decreased 

in both groups. 

Analysis of the data was carried out using non-parametric tests, paired t tests 

and unpaired t tests on absolute or log transformed data. Table 5.22 shows that wear 

increased significantly at two weeks post-partum in both groups. Combining the data 

from both the winter and summer calvers confirmed this. However, lactation also had 

an effect on wear as shown in Table 5.23. In both groups, wear was significantly lower 

at ten weeks post-partum compared to two weeks post-partum. Again, analysing the 

groups together confirmed this and that the effects of lactation must have been 
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consistent and not affected by calving season. Differences also occurred between the 

two groups, wear being significantly greater in the summer calvers at ten weeks after 

calving. As described for growth, the effects of season could not be analysed due to 

there being no values for July/August 1995. Analysis of variance confirmed that time 

had a significant effect on wear as shown in Table 5.24. 

5.3.9 Hardness 

Results for claw hardness in the winter and summer calvers are illustrated in 

Figure 5.10. In the winter calvers, claw hardness was high during mid-pregnancy, fell 

by late pregnancy and did not change after calving or during lactation. In the summer 

calvers, hardness was very high prior to conception, fell during early pregnancy, 

decreased again at mid-pregnancy and increased at late pregnancy. Immediately after 

calving hardness did not change but decreased later in lactation. 

Hardness results were analysed using paired and unpaired t tests and non- 

parametric tests. In the summer calvers, there were significant changes during both 

pregnancy and lactation. Hardness decreased significantly between early and mid- 

pregnancy (83.68 ± 0.77 vs 79.37 ± 0.70, p=0.014 paired t test) but by late pregnancy 

had increased again (79.37 ± 0.70 vs 81.77 ± 0.63, pz--0.0036 paired t test). This was In 

contrast to the winter calvers in which hardness decreased prior to calving. These 

changes could have been an effect of either gestation or time of the year. During 

lactation, hardness in the summer group decreased significantly between two and six 

weeks post-partum (82.5 7±0.77 vs 79.44 ± 0.3 0, p=O. 01 paired t test). Pre- and post- 

partum values were not significantly different for either group, therefore, calving itself 

did not affect hardness. Nor was there any difference between groups for these times. 

However, time of the year was clearly an important influence on claw hardness. The 
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