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Epidermal cell proliferation in the equine hoof wall
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Summary

Reasons for performing study: Current theories explaining how
the hoof wall ‘grows’ and moves past the stationary distal
phalanx are speculative and based on incomplete evidence.
Movement in the lamellar region could occur by cell
proliferation or an enzyvme-based remodelling process. Since
laminitis pathogencsis appears to involve increased
transcription and activation of enzvmes normally involved in
tissue remodelling, it is important to know precisely which
process dominates the lamellar region of the hoof..

Objectives: To investigate epidermal cell proliferation in the
equine hoof wall and calculate a proliferative index (PI) for
the coronet, lamellae and toe.

Methods: An analogue of thymidine, 5-bromo-2'-deoxyuridine
(BRdU), was infused i.v. into 5 ponies. After tissue
harvesting, BRdU (and therefore basal cell proliferation)
was detected immunohistochemically using mouse anti-
BRdAU. Pls were calculated for the coronet and 10 levels of
the dorsal hoof wall lamellae.

Results: The highest Pls (mean * s.e.) were in the coronet;
12.04% = 1.59 and proximal lamellae (7.13% %= 1.92) and are
therefore growth zones of the proximal hoof wall. Pls of
more distal lamellae were 0.11% = 0.04 to 0.97% = (.29;
significantly lower (P = 0.05) than the lamellar growth zone.

Conclusions: A 20-fold PI decrease between proximal and more
distal lamellae suggests that the majority of the normal
lamellae are nonproliferative and their main function is to
suspend the distal phalanx within the hoof capsule.
Remodelling within the hoof wall epidermal lamellae. which
must occur as the hoof wall moves past the stationary distal
phalanx, is a process not requiring epidermal cell proliferation.

Potential relevance: A hoof lamellar epidermis that remodels
using the same MMPs involved in laminitis pathogenesis
implies that laminitis is a normal process out of control.
Understanding MMP control and how the normal lamellar
epidermis achieves this will help in the development of better
laminitis preventative and treatment strategies.

Introduction

The hooves of mature horses “grow” continuously to replace hoof
lost to wear and tear at the ground surface. Continuous cell

proliferation in the coronet is essential Tor normal hoof
maintenance. Mitosis of basal cells of the coronary epidermis
(stratum germinativinn) produces daughter cells that mature and
cornify. cach generation adding incrementally to the length of the
hoot wall (Leach 1980: Leach and Oliphant 1983: Pollitt 1998).

Similarly. continuous basal ccll proliferation in the proximal
region of the hool wall lamellac also occurs. presumably causing
distal movement of primary epidermal lamellae (PELs). Mitotic
figures (MFs) among the basal cells of the proximal lamellar zone
are frequent and a steady rate of distal lamellar “growth™ is not
contested. However. convineing evidence that lamellar basal cells,
in the remaining lamellae. proliferate to the same degree. is lacking.

Indecd. how the PELs remain attached to the stationary
secondary epidermal lamellae (SELs). while being pushed distally.
by proliferation in the proximal lamellar zonc is unresolved (Stump
1967: Leach 1980: Leach and Oliphant 1983: Budras er al. 1989:
Budras and Huskamp 1994). There is no evidence of progressive
keratinisation from the basal cell layer towards the cornified axis of
lamellae and most supra basal cells are at a similar stage of
keratinisation. Since no MFEs were present in normal lamellae Leach
supported a “sterile bed concept': the equine lamellar epidermis was
nonproliferative and therefore sterile. However, Budras er al. (1989)
described MFs in the famellar region and called the sterile bed
coneept "no longer tenable’. By this reckoning. the rate of lamellar
basal cell proliferation was sufficient to account for a laminar flow
of cells from the proximal lamellae distally, and for the formation of
cap horn arcades at the bases of the lamellae.

Counting MFs is however. an inctficient way to investigate
proliferation in normal cpithelial tissues. When cells are in
mitosis. the MF is visible, but only a few proliferating cells are
actually accounted for. as the mitosis (M) phasc. represents only a
small portion of the proliferation cycle (Linden er al. 1992).
Preceding M phase in the cell cycle 1s the longer synthesis (S)
phase. Incorporation of the thymidine analogue. BRAU. into DNA
while it is being synthesised, during the S phase of the
proliferating cell cyele. accounts for virtually all cells proliferating
during the timespan of BRAU exposure. The presence of BRAU.
incorporated in the nuclet of the cells. can be detected in formalin
fixed tissuc by immunohistochemistry.

We developed BRAU immunohostochemistry in horses to
settle the question of proliterative activity in the lamellac of
normal dorsal hoot walls. Lamellar basal cell proliteration was
compared to proliferation in the coronet and other cpithelial
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Fig 17 Photomicrographs of sections of iongue (al small intestine (B) and skin (¢ d) from a pony subjected to euthanasia 00 mins after the start of o 15 min v,
BRAU infusion. The highly proliferative pidermal basal cells (arrinved) of the 1ongue, the crvpis of Lieberkihn (b and skin hair folficle (¢) show dark brown,
BRAU positive, immttenostaenting (arrowed ) A halr follicle il () from the same tissue block was staltted asan Figaree o), bt with streep seriom substituted for
the primary anp-BRaU antibody and is therefore @ negative control (arrewy show mitotie figures) Haematoovhn counterston. Bars = T .

TABLE 1: Means (2 s.e.) of cells counted that were BRdU positive, BRdU negative and comtained (MFs) In the coronet (COR) and in the 10 lamellar

levels (L1-L10) of 5 normal ponies

Hoat Sum of BRAU =ve Total basal % Mitotic

lissue BRaU «ve BRdU -ve Mitotie figures and MFs celis % BRI +ve higures FProliferative
level Mean sce Mean +:ze Mean +se Mean +se Mean =sg Mgan sse Mean =se Ingex (sse)
COR 1000:2 25142 B135.6 954.80 70.8 1932 1681.0 266.01 9206.6 1ME738 1130 1,547 0.743 0131 12.04 (1 587)
L1 1004 4024 1713.4 370.45 124 406 121.8 4169 18352 3941 637 1.BOS 0.759 0.231 713 (1.922)
L2 218 573 2817.6 503.05 52 220 26.8 6.87 28444 506.01 081 0281 0161 0,053 097 (0.289)
L3 94 3.03 28184 57621 1B 0.58 112 343 29296 579.25 0,30  0.048 0.067 0.028 0,36 (0,066)
L4 9.2 kRY:! 27988 468.95 18 11 1o 423 28098 47297 0,29 0075 0.046 0029 034 (0.097)
LS 6.4 2.04 2897.0 423.08 1.2 087 18 383 25046 424.B6 021 0.082 0.036 0.026 0.24 (0.104)
L& 50 217 2681.0 41B.55 04 040 54 248 2686.4 418.97 0.18 0.088 0016 0016 020 (0097)
L7 5.0 2.68 23956 325.28 06 040 586 3.06 24012 32595 020 015 0024 0015 0.23(0128)
L8 3.0 1.67 2266.4 368.14 0z 020 32 1.77 22696 368.20 013 0078 0.008 0.009 0.14 {0.081)
Lg 24 087 2183.:8 153.99 02 020 26 103 2186.4 154.53 011 0038 0.008 0.008 0.11(0.043)
L1o 106 3.39 2223.2 37402 36 112 142 3.48 22374 371.56 0.57 0228 0181 0.074 0.76 (0.248)

tissues. More information about the nature of the hoo! lamellar

epidermis may improve understanding of the pathophysiology of

equine laminitis, o disease charactenised by disorganisation of
lamellar anatomy (Pollitt 1996},

Materials and methods

The feet of § normal footed pomes (2 male und 3 female) weight
120-150 kg, age 2-5 vears and with at least one white hoof. were
studied. The experiments were conducted in winter, spring and
summer, al first light in the morning or after dark in the evening.
BRAU! sufficient 1o dose the ponies at 35 mg/kg bwt (Holle and
Birtles 1990} was dissolved in one litre of normal saline. The

solution was filtered through a 0.2 micron filter® and transferred o a
plastic infusion bag®. The ponies were confined in stocks and the
solution was infused into the jugular vein of the ponies over a 15 min
period using a protocol approved by the Animal Experimentation
Ethics Committee of The University of Queensland. Upon
completion of infusion each pony was walked to a stable and
unrestrained, given free aecess to food and water. Sixty minutes aller
commencemenl of the infusion, the ammals were subjected w
euthanasia by i.v. sodium pentobarbitone (Lethabarby®, The feer
were disarticulated a1 1he fetlock joint and the dorsal hoof wall
processed into 10 blocks of tissue (Pollint 1996) and labelled L] (the
maost proximal level) 1o L10 (the most distal), Each block was 15 x
IS5 mm and after trimming comained approximately 25 lamellae
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Fig 2: Photomicrographs of LS (a) and TS (b) of coronary band tubular and imerivbutar epidermis and 1S of lamella tip vorand base (d) ar level L]
There are many black-brown, BRAU posinve, inumunostained epdermal basal celly in the itertubuiar and proximal tubular epndermis of the coronet and
in both the tip (arrowed ) and base of the proximal lamellae, Bars = 10 jm

Samples of coronet. sole. skin. tongue and small intestine were also
harvested. The tissues were lixed in Bouin’s fixative for4 hat 5°C and
stored 10 80% alcohol solution until processed (Holle and Burtles 1949)),

Immunohistochemistry of hoof tissue samples was performed
using the method of Polhnt and Daradka (1998). The primary
antibody was mouse anti-BRAU containing deoxyribonuclease
(Dnase)®, Negative controls were ussues processed with sheep
serum substituted for the primary and secondary antibody and
similar tissues not previously exposed 10 BRAU. Positive controls
were lissues previously established to be BRAU positive in other
species (Holle and Birtles 1990: De Fazio er al. 1987).

Coronet and lamellar epidermal basal cell nucler were
classified into 3 groups: BRAU negative cells with nuclei
stained light blue with haematoxylin, BRAL! positive cells with
dark brown diaminobenzidine (DAB)® stained nuclei and a third
group of cells containing MFs. BRdAU positive and negative
basal cells in the coronet and 10 lamellar levels (each level
containing approximately 25 lTamellae) for the 5 pomes were
counted using Image-Pro Plus software”. MFs were also
counted and added 1o the total of BRAU positive cells to
calculate the proliferative index (PI),

The Pls of the dorsal hool wall of 5 hooves. assumed 1o be
random and independent. were caleulated. The percentages were
trunsformed. using natural Jogarithms. because the means
positively correlated with vanances. A univariate repeated
measpres analysis of vapance (ANOVA) was used. The
Greenhouse-Geisser Epsilon adjustment was applied to F-lests
where there was a failure in the assumption of sphericity of
orthogonal transformations on the tissue levels. Significant F-rest
results were followed hy post fioe tests o compare the levels
pairwise and sequentially, as well as to compare each level with

the first level in the series. Anulyses were done separately for
I overlapping blocks of the levels to try 1o captlure changes taking
place, because the number of tissue levels (n = 11) s greater than
the number of hooves examined (n = 31, Block 1) = Cor L1-L4,
block 1) = L3-L7, block 111} = L6-L10.

A probability value of 0.05 was used as the criterion for
significance. SAS 6,12 software (SAS Insutute) and the General
Linear Models procedure were used 1o perform the computations,

Results

Intravenous infusion of 35 mg/kg bwt BRAU for 15 mins. with
tissues harvested at 60 mins, gave sausfactory immunostaining
and specificity. The ponies showed no clinical signs of
discomtort or abnormal behaviour during either the i.v. infusion
of BRAU or the subsequent experimental period, There was no
colic or diarrhoea,

Proliferaung epidermal basal cells in wongue (Fig la), crypts
of the small intestine (Fig by, hair follicle bulbs (Tig lc) showed
BRAU positive immunostaining. Control sections in which the
primary and secondary antibody were withheld failed 1o show
positive staming (Fig 1d), as did similar tissues [rom horses not
reated with BRdU (data not shown).

Coronet hasal and suprabasal cells of the intertubular and tubular
epidermis showed many BRdAU positive cells (Figs 2ab). The
percentage of BRAU positive cells in the coronet was (mean = s.¢.)
1130% + 1.55 (Table 1). The Pl was 12.04% + | 59.

Many basal cells of the most proximal lamellae (L1) showed
positive BRAU immunostaiming {Figs 2b.c) and. in this regard. the
proximal lamellae closely resembled the coronet. Proliferating
cells were evenly distributed throughout the hasal cell layer, at the
bases of the lamellae (Fig 2d) as well s the tips (Fig 2c).
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Fig - Photomicrograph of lanellae (@ boc) and terminal popillae (d) Intal, a lameflar fip from L2, a few busal cells show positive BRAU jmmunostaining
tarrows ) i by ca bametla tp from L3 and 101, @ lamediar base from LS. there are no BRAU positive cells, In (d) the L0 epidermis of terminal pupniiae

(arrawed) there are siumprony BRAU positive basal cells. Bars = JO0 ym

The percentage of BRAU positive cells in the proximal
lamellar layver (L1) was (mean + s.e.) 6.37% = | 81, The Pl was
7.03% + 192, The lamellae in 1.2 (Fig 3a) displayed some BRdL
positive cells (0.81% + 0,26), but less than LI, L3 (Fig 3b) had
even fewer BRAU positive cells (0.30% + 0.05) and a Pl of (0. 36%
= 0.07) Berween 1.3 and L9 there were very few BRdAU posinve
cells (Fig 4 and Table 1), Particular attention was paid 10 the cells
al the bases of the PELs. There was no evidence of basal cell
proliferation in these cap hom arcades (Fig 3¢). L10 showed some

Axis
=3

L2 L3 L4 L5 L& L7 L8 L9 L1

Axis

-4
COR L1

Fig 4. Graph of the means { + s ) of natural logarithms of the percentage
[Ln Gel of proliferative btdices tor the coranet and lamellae of 3 normal
ponies. COR amd L1 were not siynificamiy different, There was o
signiftcam drop tn the mean La'% from L1 1o L2 and trom L2 10 Li.
Thereafier the lamellar levels were not significamtly different from each
other uniil Lit!

proliferating cells near the termunal papillae (Fig 3d). No season
nor ume of day differences were detectable. The  means ol
natural logarithms of the percentages (Ln %) of the Pls indices Tor
the coronet and papillae was graphed (Fig 4). COR and L1 were
not significantly different (I = 6.42 | 4df P = 0.0644). There was
asignificant drop in the mean Ln% from L1 o L2 (FF =33 99 | 4df
P = 0,0043), and from L2 10 L3 (F = 1377 1 4df P = (.0206)
Thereafter. the lamellar levels were not significantly differem
from each other until Level 10, There was a significant increase in
mean Ln% from level L9 o LIO(F = 20.58 | 4df P = 0.0103) but
L 10 did not reach the same level of proliferation that was found in
the coronet, levels L1 or L2

Discussion

BRAU immunostaining has been compared with “H-thymidine
labelling in spermatogonial stem cells in the testes and small
intestinal crvpt cells of adult mice by Thoolen (1990). That author
found 90% of the BRAU-labelled cells were also identified by *H-
thymidine labellmg autoradiography. ldentical patterns of
positive cell staining with both histone (H3) in sine hybridisation
and BRAL' immunocytochemistry, in rat tissue, have also been
described (Smith e wl, 19950 Gown er al. 1996). Therefore.
BRdAU immunostaining, for the detection of basal cell
proliferation, has been validated against other more traditional
techniques, long accepted as markers of proliferative activity.

In the ponies used in this trial, positive BRAU immunostaining
of tongue. mtesnne and hair epithelia was similar w that reported
in other mammals (Cairnie 1967; De Fazio er af. 1987; Holle and
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Birtles 1990: Holle er «f. 1994: Hynd and Everett 1990). Since
continual basal cell proliteration in these tisses is accepted
(Wheater er af. 1979). the BRdAU technique as a marker tor
epidermal basal cell proliferation in ponies is valid. Toxic side
etfects occur with BRAU dose rates higher than those used here.
The epithelial lining of the digestive tract can be damaged resulting
in scvere diarrhoea (Holle er af. 1994) but no clinical signs or
histopathology of intestinal damage were observed in the 5 ponies
dosed at 35 me/kg. The proliteration studies were conducted in
winter. spring and summer in Brisbane. Australia (Latitude 2708)
on only 5 ponics. No seasonal differences were detected and none

were expected since Buffa er «f. (1992) showed that the hoof

growth of 24 horses measured over 10 months in Pretoria, South
Africa (latitude 2708y also showed no scasonal differences.

The proportion of proliferating cells in the basal cells ol the
proximal (L 1) lamellae was similar to the coronet and decreased
significantly  (P<0.05) in the more distal lamellar Jevel.
Proliferation was virtually nonexistent in lamellar levels L4, 1.5,
L6.L7.L8. LY. This confirms the conclusions ol previous studies
emploving other techniques. Leach (1980, Stump (1967) and
Budras ¢r al. (1989) counted MFs and also concluded that cell
proliteration occurred in these areas.

BRdAU immunostaining of coronary and lamellar tissue prompts

a reassessment of current hoot growth theory. On the basis ol

detailed light and electron microscopical studies ol the normal horse
hooves. Budras e al. (1989). claimed constant germinative activity
of SEL basal cells accounted tor the increase in both lengath and
thickness of the more distal PELs. The increase in length of the more
distal PELs was obscured. and had gone unrecognised. because they

were buried in “cap horn” that spanned the arcades at the bases of

adjacent PELs. The production of cap horn required constant basal
cell proliferation. Our study showed no basal cell proliferation or
MFs in any of the cap horn arcades between PELS at any lamellar
level more distal than L2, Instead. proliterative activity was almost
entirely conlined to basal cells of the most proximal (L1 and 1.2) and
distal Tamellae (L10) suggesting that famellar basal cells do not
produce cap horn by basal cell proliferation.

It is undeniable that epidermal proliferation at the coronet
constantly adds to the proximal straran medin of the hool wall
causing it to move downwards. past the distal phalanx. The PELs
are attached and blend into the inner wall of the stratum medium
and presumably move downwards with it. However. it is not likely
that the SEL basal cells. firmly attached to their underlving
basement membrane. move at all. so considerable sliding and
refocation of the cells between the basal cell Taver and the more
Keratinised axis of the PEL must occur. Budras ¢r af. (1989)
acknowledged this and described a laminar flow of cells. in “shiding
contact” with each other. keeping pace with the downward
movement of the PELs. The suggestion that basal cells ol the SEL
multiply at a rate sufficient to keep up with the downward growth
of the PEL horny lamellae was also suggested by Stump (1967).
Their argument requires a constant supply of new cells to generate
the downward laminar flow but evidence that this originates trom
SEL basal cell proliferation is not provided by this swdy. The Tew
BRAU positive cells that were detected between L2 and LY (around
0.20%) had a patchy distribution and were usually located at the
PEL tips. The large difference in the rates of prolileration between
the proximal (P = 7.13% + 1.92) and mid-lamellar regions of the
hoot wall (P1 =0.24% = 0.10) suggests that the mid-lamellar region
has insufficient basal cell proliferative capacity to account for a
laminar [Tow of cells.

Lpidermal cell proliferation in the equine hoof wall

Our results do not entirely substantiate the sterile bed concept.
The rate of proliferation is very much higher in the coronet and
L1. decreases rvapidly at L2 and [.3 and thereafter remains
consistently Jow. increasing only agam at [L10. Therefore,
approximately 80% of the lamellar inner hool” wall. while not
completely sterile. appears not to contribute significantly to the
lamellar region by profiferation. Leach and Ofiphant’s (1983)
proposal that remodelling of existing populations of lamellar cells.

by the breaking and reformmg of desmosomes in a staggered

ratchet like manner. was responsible for the distal movement of

PELs past stationary nonproliferative SELs appears to be borne
out by the results of this study.

Since Leach and Oliphant’s (1983) publication. remodelling
ol epidermis and extracellular matrix has been shown to be due to
the controlled relcase ol activated matrix metalloproteinases
(MMPs) and their subsequent inhibition by tissue inhibitors ol
metalloproteinases (TIMPs). MMPs have been shown to exist in
lameltar hoot and their uncontrolled activation has been proposed
as a4 mechanism (or the pathogenesis of laminitis (Polhitt ¢r al.
1998).  The  molecular  components  of  desmosomes.
hemidesmosomes and basement membranes are substrates for
MMP activity and. therefore. Leach and Oliphant’s (1983)
mechanistic coneept of “formation and destruction of desmosomes
in a staggercd ratchet-like manner” now has a well referenced,
biological explanation (Birkedal-Hansen er al. 1993: Woessner
1991). The SEL epidermal cells and their adjacent basement
membrane are constantly responding to the stresses and strains of’
erowth and locomotion and the harmonious release of MMPs and
TIMPS accomplishes the “nips and tucks” required.

Since the cells composing horse hoof lamellar tissue appear to
remodel using enzvmes capable of destroving key components ol
the very extracellular matrix involved in the apparatus suspending
the distal phalanx from the inner hoot wall this may explain why.
when famellar MMPs are inadverdently activated en masse . horses
are peculiarly suseeptible 1o the destructive effects of laminits.
Good evidence that over expression of MMP-2 occurs in laminitis
affected inner hool wall tissue (Kyaw-Tanner and Pollitt 2004)
puts faminitis into the discase category of a normal process gone
wrong. Understanding this process offers hope that laminitis may
vet be preventable if not curable.

Acknowledgements

This project was supported by the Rural Industries Rescarch and
Development Corporation (RIRDC) of Australia. The authors are
aratelul o the Animal Health Foundation, St. Louis. Missouri.
USA Tor therr continuing financial assistance. J.K. Hendrikz.
Faculty ol Biological and Chemical Science. The University of
Queensland. 1s thanked for statistical analysis.

Manufacturers’ addresses

‘Stama Chemieal CoooStLouts, Missourt. USA

“Millipore Corporation, Bedford. Massachusetts. USAL

‘Baster Healthcare . Old Toongabbic. New South Wales, Nustralia
Virbae cAustraliag, Peakhusst, New South Wales. Australia
SAmershant (Australian. Castle Hillo New South Wales. Australia.
“Pako Corporation. Carpentara. California. USAL

“Media Cyberneties. Silver Spring. Maryland. USA.

References

Birkedal-Hansen. H.. Moore. WG Borden, MUKL Windsor. Ll Birkedal-Hansen.
B DeCarlos Noand Bnglers LA c19930 Matriv: metalloproteinases: A review.



M. Daradka and C. C. Pollitt

Crit. Rev. oral. Biol. Med. 4, 197-250

Budras. K.D. and Huskamp, B. (1994) Therapeutic measures to improve the horn
quality of the hoof of horses with laminitis. Anar. Histol. Embrvol. 23.45.

Budras. K.D.. Hullinger, R.L. and Sack. W.O. (1989) Light and electron microscopy
of keratinization in the laminar epidermis of the equine hoot with reference to
laminitis. A, J.ver. Res. 50, 1150-60.

Buffa. E.A.. Van Den Berg, S.S.. Verstraete., FJ. and Swart, N.G.N. (1992) Effect of
dietary biotin supplement on equine hoot horn growth rate and hardness. Equine
vet. . 24, 472-474,

Cairnie. A.B. (1967) Cell proliferation studies in the intestinal epithelium of the rau
responsc to continuous irradiation. Radiar. Res. 32.240.

De Fazio. A.. Leary. J.A.. Hedley. D.W. and Tattersall. MLHN. (1987)
Immunohistochemical detection of proliferating cells in vivo. J. Histoch. Cyroch.
35.571-577.

Gown. AM.. Jiang. 1.1., Matles. H.. Skelly. M.. Goodpaster. T.. Cass. L.. Reshatof.
M..Spaulding. D. and Coltrera. M.D. (1996) Validation of the s-phase specificity
of histone (H3) in siru hybridization in normal and malignant cells. J. Histoch.
Cytoch. 44, 221-226.

Holle. S.A. and Birtles. M.J. (1990) An immunocytochemical method for studying
pattern of cell proliferation in the wool follicle. N. Z. ver. J. 38.89-93.

Holle. S.A.. Harris. PM., Davies. AS. and Birtles. M.J. (1994) Wool follicle
morphology and cell proliferation in New Zealand rommney sheep: a seasonal
comparison of fleece weight-selected and control rams. Auwst. J. agric. Res. 45.
769-782.

Hynd. P.I. and Everett, B.K. (1990) Estimation of cell birth rate in the wool follicle
buib colchicine arrest  or DNA  lubeling  with
bromodeoxyuridine. Aust. /. agric. Res. 41, 741-750.

using metaphase

Kyaw-Tanner, M. and Pollitt. C.C. (2004) Equine laminitis: increased transcription of
matrix metalloproteinase-2 (MMP-2) occurs during the developmental phase.
Equine ver.J. 36, 221-225.

Leach. D.H. (1980) The Structure and Function of the Equine Hoof Wall, PhD thesis.

241

Department of Veterinary Anatomy. Western College of Veterinary Medicine.
University of Saskatchewan

Leach. D.H. and Oliphant. L.W. (1983) Ultrastructure of the equine hoof wall
secondary epidermal lameflae. Am. /. ver. Res. 44, 1561-1570.

Linden. M.D.. Torres. F.X. and Zarbo. R.J. (1992) Chinical application of
morphologic and immunocytochemical assessments of cell proliteration. . /.
clinic. Path.. Suppl. 1.97.S4-S13.

Pollitt. C.C. (1996) Basement membrane pathology: a feature ol acute equine
laminitis. Equrine ver. J. 28. 38-46.

Pollitt. C.C. (1998) The anatomy and physiology of the hoof wall. Equine ver. Educ.
10. 318-325.

Pollitt, C.C. and Daradka. M.
pathology: loss of type IV collagen. type VII collagen and laminin

(1998) Equine laminitis basement membrane

immunostaining. Equine ver. .. Suppl. 26. 139144,

Pollitt. C.C.. Pass. M.A. and Pollitt, S. (1998) Batimastat (BB-94) inhibits matrix
metalloproteinases of equine laminitis. Eqguine ver. J.. Suppl. 26, 119-124.

Smith. M.D.. Healy. E.. Thompson. V.. Morley. A, and Rees. L. (1995) Use of in
sittt detection of histone mRNA in the assessment of epidermal proliferation:
comparison with the Ki67 antigen and BrdU incorporation. Brit. J. Dermatol.
132, 359-366.

Stump. J.E. (1967) Anatomy of the normal equine foot. including microscopic
features of the laminar region. J. Am. vet. med. Ass. 151, 1588-1598.

Thoolen, B. (1990) BRAU labelling of S-phase cells in testes and small intestine of
mice. using microwave irradiation for immunogold —silver staining: an
immunocytochemical study. /. Histoch. Cytoch. 38.267-273.

Wheater, P.R.. Burkitt. G.H.. Daniels, V.G. and Deakin. P.J. (1979) Functional
histology. a text and colour atlas. In: Gaswro-lntestinal Systent. Churchill

Livingstone. Edinburgh. pp 192.

Wocssner. FJ. (1991) Matrix metalloproteinases and their inhibitors in connective
tissue remodeling. FASEB J. 5. 2145-2154.

Australian Government

EQUINE
LAMINITIS

by Dr Chris Pollitt

The latest research on the
management and
prevention of laminitis
(founder). Includes reasons
for its occurrence, ways of

strategies.

2001, 110pp, RIRDC Pub. No: 01/129. SA31
(Overseas postage not included in this price)

Rural Industries Research and
Development Corporation

avoiding it, and management

and prevent Q}
founder

Publications from RIRDC are available from our



