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The Annual General Meeting of the Society for the session 1986/7 was held on Wednesday,
Thursday and Friday, 7, 8 and 9 January 1987 at St. Hugh's College, University of Oxford. This
meeting coincided with the Centenary of the founding of the Society and included two invited
lectures by Professor J. Z. Young and Professor H. G. J. M. Kuypers as well as the Sixth
Anatomical Society Review Lecture given by Professor L. Wolpert entitled 'A Programme for
Development'. A Symposium entitled 'Axonal Growth and the Formation of Neural Pathways'
was held on Friday, 9 January. The following are the abstracts of communications and
demonstrations presented at the meeting.

COMMUNICATIONS
1. Human MRC-5 cells induce a secondary primitive streak when grafted into chick embryos. By
G. W. IRELAND, C. D. STERN and M. STOKER* (introduced by J. F. MORRIS). Department of

Human Anatomy, University of Oxford, and * Department of Pathology, Cambridge (Fig. 1)
The mechanism of primary axis formation in embryos is still unknown. Previous work has shown
that certain mesodermal tissues can induce secondary axis formation when grafted from one
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embryo to another. During the formation of the primitive streak, the epiblast, an epithelium,
breaks down to give rise to mesodermal tissue consisting of fibroblastic cells. A human cell line,
MRC-5, secretes a number of factors into the medium. One of these, 'scatter factor', has been
partially purified and is known to induce the breakdown of structural junctions between cultured
epithelial cells from various sources (Stoker & Perryman, J. Cell Sci. 77, 1985).
MRC-5 cells and a number of other cultured cells, including Swiss 3T3, SV3T3, BHK and human
dermal fibroblasts, were grown in culture, trypsinised and pelleted. Small pieces of these pellets
(500-5000 cells) were grafted into young chick embryos and the embryos grown in New culture
for up to 24 hours. The grafts adhered to their host, survived and formed vesicles. We found that
MRC-5 cells but not any of the other cell lines are able to induce a secondary primitive streak
(Fig. 1). In some of the embryos grafted with MRC-5 cells there were dramatic modifications of
the original primitive streak including branching and bending in the region of the graft.
It seems likely that a factor secreted by the MRC-5 cells could be responsible for this result.
One candidate is 'scatter factor' since it is known to cause de-epithelialisation. The normal process
of primitive streak formation might involve secretion of a homologous molecule.
2. The differing effects of post-otic and trunk somites on neural development in the chick embryo.
By E. R. LUNN, T. M. LIM, R. J. KEYNES and C. D. STERN*. Department ofAnatomy, University of Cambridge, and * Department of Human Anatomy, University of Oxford
In all higher vertebrate embryos the sensory ganglia of the peripheral spinal nervous system
develop adjacent to the neural tube, in the rostral halves of the segmental sclerotomes. It has been
known for many years, though, that ganglia do not develop in the most rostral segments,
immediately caudal to the otic vesicle. Here we have investigated whether this is due to a
rostrocaudal variation in the neural tube or crest, or to an unusual property of the sclerotomes
at rostral levels. Using the monoclonal antibody HNK-1 as a marker for neural crest cells in the
chick embryo, we find that the crest does enter the rostral halves of the most rostral sclerotomes.
Furthermore, staining with zinc iodide/osmium tetroxide shows that some of the crest-derived cells
sprout axons within these sclerotomes. By stage 22, however, no ganglia are present within the
rostral 6 segments, as assessed both by haematoxylin/eosin and zinc iodide/osmium tetroxide
staining. Moreover, despite this loss of sensory cells, motor axons grow out in these segments, later
fasciculating to form the hypoglossal nerve. The sclerotomes remain visible until stages 27/8, when
they dissociate to form the base of the skull and the atlas and axis vertebrae.
After grafting post-otic neural tube from quail donor embryos in place of trunk neural tube
in host chick embryos, quail-derived ganglia do develop in the trunk sclerotomes. This shows that
the failure of rostral ganglion development is not the result of some fixed local property of the
neural crest or neural tube at rostral levels. We therefore suggest that in the chick embryo the rostral
halves of the rostral 6 sclerotomes lack some factor(s) essential for normal sensory ganglion
development.

3. On the response of chick neural tube to experimental incision of the roofplate, and the effect
of hyaluronidase. By B. J. CLARK (introduced by R. J. ScOTHORNE). Department of Anatomy,
University of Glasgow
The roofplate of the thoracic neural tube was incised, over a distance equivalent to the extent
of 7 somites, in each of two groups of chick embryos: at stages 12 and 13 (Hamburger-Hamilton)
(Group I) and at stages 17 and 18 (Group II). Embryos of group I were fixed at intervals after
operation (0, 15, 12, 24 and 48 hours), while all those of group II were fixed at 48 hours after
operation. Specimens were examined by SEM, TEM and by optical microscopy of semithin
resin-embedded sections.
The results show a different response in the two groups: all group II embryos developed
myeloschisis in accord with the previous findings of Fowler (J. Exp. Zool. 123, 1953) and Rokos
& Knowles (J. Path. 118, 1976)) whereas in group I embryos the defect healed, and no embryo
showed myeloschisis 48 hours after operation.
Did the healing of the defect in the younger group of embryos represent a 'replay' of the
mechanisms of initial neurulation? One suggested mechanism of neurulation is the lateral pressure
exerted by expansion of the paraxial mesoderm, consequent upon hydration ofits hyaluronate-rich
intercellular matrix: neurulation is inhibited in otherwise normal embryos when they are exposed
to hyaluronidase.
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In a subsidiary experiment, therefore, a further group of embryos at stages 12 and 13 (Group
III), was exposed in ovo to streptomyces hyaluronidase immediately after incision of the roofplate.
All embryos again showed healing of the defect 24 hours after operation, despite clear histological
evidence of the degradation of the intercellular matrix.
On the basis principally of SEM findings, an alternative mechanism of healing of the defect in
groups I and III is proposed. The defect heals initially by a 'zipper-like' migration of surface
epithelial cells. Presumptive neural crest cells then appear to migrate medially on the basal aspect
of the surface ectoderm, to reconstitute the roof of the neural tube.
4. Epidermal growth factor: growth promotion and pinocytosis in rat embryonic tissues.
By K. E. ANDREWS (introduced by M. K. PRATTEN). Department of Anatomy, University
of Leicester
The in vitro culture of post-implantation rat embryos from 9 5 to 11 5 days is possible using
the method described by New (New, Biol. Rev. 53, 1978). When whole, homologous serum is used
as a culture medium, embryonic growth and development is almost identical with that observed
in vivo. However, when serum is filtered for 8 hours using Millipore CX-30 immersible
ultrafiltration units, and supplemented with glucose and vitamins, its capacity to support normal
growth and differentiation is severely impaired. Reconstitution or addition of 10% whole rat serum
restores growth to normal.
Epidermal growth factor, ofmolecular weight 6045 Da is removed by the filter, presumably with
most other molecules of molecular weights less than 30000 Daltons. The addition of EGF to
supplemented filtered serum in concentrations ranging from 2 to 32 ng/ml partially restores normal
development, 10 ng/ml producing the maximum overall effect.
EGF has been reported to increase the rate of fluid-phase pinocytosis (Wiley & Cunningham,
J. Cell Biochem. 19, 1982) but this effect does not extend to the rat visceral yolk sac at 11 5 or
17-5 days gestation at an EGF concentration of 10 ng/ml.
Uptake of both [1251I]polyvinylpyrrolidone and [125I]EGF by the rat visceral yolk sac is linear
and is inhibited at 4 °C, indicating pinocytosis. The yolk sac adsorptively pinocytoses [125I]EGF
at 1 I 5 and 17 5 days gestation, possibly transporting the molecule to the embryo intact. The EGF
receptor down-regulates after prior exposure to EGF, and exhibits very high affinity, the dissociation constant of the EGF-EGF receptor complex being 4-41 x 10-9 M.
Work such as this could possibly lead to the elucidation of both the role and the mechanism
of action of EGF in embryonic growth and differentiation.

This work was supported by a grant from the Medical Research Council.
5. The growth and differentiation of the giant yolk sac in whole and exhausted rat sera. By J. GALE
(introduced by F. BECK). Department of Anatomy, University of Leicester
The rat visceral yolk sac is an important organ for nutrition and transport of materials to the
early embryo, and it has recently been shown that it can be cultured in vitro as a closed vesicle
from 9 5 to 17-5 days (Dunton et al. J. Anat. 145, 1986). The vesicle has been named the 'giant
yolk sac', and electron microscopic studies have revealed that the 17-5 day giant yolk sac has the
same general structure as the 17-5 day in vivo yolk sac.
The giant yolk sac has a differentiation potential similar to that of in vivo yolk sacs. Normal
ontogeny was demonstrated by the formation of blood islands in the yolk sac mesoderm from 9 5
to 11 5 days. In addition, the increase in specific activity of malate dehydrogenase, an enzyme of
the tricarboxylic acid cycle, and the decrease in specific activity of hexokinase, an enzyme of the
glycolytic pathway, over the culture period, suggested the activation of genes leading to synthesis

of specific proteins during development.
The repeated culture of embryos in the same serum sample results in gradually more inferior
embryonic development, despite dialysis to remove low molecular weight embryotoxic metabolites
and supplementation with glucose and vitamins. This is termed 'serum exhaustion'.
Growth and differentiation of the giant yolk sac in exhausted serum was inferior to that in whole
serum showing that the yolk sac requires some of the same serum factors as the embryo. Electron
microscopic studies revealed that the giant yolk sac grown in exhausted serum was carrying out
increased autophagocytosis. Quantitative measurements of the decrease in blood island formation
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demonstrated a lack of ability to activate specific genes involved in maturation of the tissue when
exhausted serum was used as a culture medium.

This work was supported by a grant from the Medical Research Council.
6. The ultrastructure of the epithelial-mesenchymal interface during mouse secondary palate
development. By K. HALL (introduced by M. W. J. FERGUSON). Department of Cell and
Structural Biology, University of Manchester
There is controversy about the structure of the basement membrane separating epithelium and
mesenchyme at various stages of mammalian palate development: particularly at the times of
signalling mesenchymal-epithelial interactions and of the terminal differentiation of palatal
epithelium. Some authors contend that the basement membrane is intact, others that it is disrupted.
Therefore, the ultrastructural appearances of these regions in developing mouse secondary palates
(n = 10 at each of days 1 1-15 of gestation - Theiler stages (T) 20-24) were investigated. A selection
of tissue fixatives was used; Karnovsky (K), ruthenium red (RR) and tannic acid (TA). The
appearance of the palatal basement membranes and extracellular matrix varied depending upon
tissue fixative. Karnovsky fixative did not preserve the glycosaminoglycans and proteoglycans,
gave poor distinction of cell membranes and caused more tissue shrinkage than the other two
fixatives. Ruthenium red rarely penetrated beneath the superficial epithelial cells and whilst useful
for demonstrating the surface extracellular coat offered no advantages in preserving basal laminae
and mesenchymal extracellular matrices. Tannic acid fixative preserved the glycosaminoglycans
and proteoglycans of the basal lamina and mesenchymal matrix, gave better cell membrane
distinction and caused less tissue shrinkage.
Before shelf contact (days 11-13; T20-22) the basal lamina separating the mesenchyme from
the oral, nasal and medial edge epithelia was intact. There were increases, with developmental time,
in the glycosaminoglycan content, the number of collagen fibrils perpendicular to the basal lamina
and in the sub-basement membrane extracellular matrix components. Medial edge epithelial cell
degeneration commences whilst there is an intact, well defined basal lamina between the epithelium
and mesenchyme. Thus direct epithelial-mesenchymal cell contacts are required neither for
mesenchyme directed signalling of epithelial differentiation nor for seam degeneration, as had been
previously suggested. The composition of the basal lamina and sub-basal lamina zone changes from
T20 to T24 and the adhesion between the medial edge epithelia and the basal lamina are markedly
reduced, probably due to loss of laminin.
This study also demonstrates that there is not a single developmental fate (death) for the medial
edge epithelia, as previously suggested. Rather, approximately 50 % of medial edge epithelial cells
degenerate (by accumulation of lysosomes and autophagic vacuoles) and die, whilst the remainder
develop extensive microfilament and microtubule systems and move out of the midline epithelial
seam of fused palatal shelves into the underlying mesenchyme. This epithelial to mesenchymal cell
transition is an important event which is facilitated by the degeneration of the basal lamina on
either side of the epithelial seam, and the arrangement of sub-basementmembrane type III collagen
fibres perpendicular to the basement membrane of the medial edge (the cells migrate into the
mesenchyme among these fibres).
7. Maternal hormonal environment influences testicular development in mice. By C. A. GROCOCK
and H. M. CHARLTON. Department of Human Anatomy, University of Oxford
Cryptorchidism in man has shown an apparent doubling over the last 20 years and one
predisposing factor appears to be elevated oestrogen levels during pregnancy. Cryptorchidism in
mice can be induced by treating pregnant females with oestrogen. Such treatment can cause Leydig
cell atrophy in male offspring. It has been suggested the atrophy is due to deficiencies at the
hypothalamic/pituitary level and that this is the primary cause of oestrogen-induced cryptorchidism.
To test this, female mice were injected with 5 mg oestrogen or vehicle on day 14 of pregnancy.
Both treated and control male offspring at 28, 56 or 100 days of age had similar pituitary LH
content and mean sex organ weights. No major differences in testicular structure were seen even
at 100 days of age. However the reproductive tract showed a number of abnormalities. Most
obvious was the complete absence of the gubernaculum in oestrogen-treated males. Testes were
freely mobile in the abdomen, resulting in occasional torsion. Many males had hypospadias and
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related abnormalities resulting in increased incidence of infection of the tract with age. A perturbation of the hypothalamic/pituitary system was seen, however, at day 0 where a significant
reduction occurred in pituitary LH content in treated males. Testicular weights were not affected.
This perinatal reduction in LH is not surprising and could be due to direct effects of oestrogen
of the fetal pituitary.
Oestrogen treatment of female mice on day 14 of pregnancy prevents formation of the
gubernaculum and this may be the primary cause of the cryptorchidism. A temporary depression
in pituitary LH content at day 0 occurs but the hypothalamic-pituitary-gonadal system recovers
by 4 weeks of age.
8. Ultrastructural, morphometric characterisation of human spermatozoa. By D. C. SMITH and
M. A. WILLIAMS. Department of Anatomy and Cell Biology, University of Sheffield
Despite advances in the diagnosis of the infertile couple, there still exist many cases of unexplained infertility. It is possible that a critical, in-depth assessment of the human spermatozoon
by ultrastructural, morphometric methods will be an aid to identifying causes of male infertility.
Our first priority has been to establish a reference group of human males of proven fertility.
Samples for inclusion in this control group were volunteered by the husbands of women attending
the antenatal clinic at Jessop Hospital, Sheffield.
Semen samples were washed in B.W.W. medium, fixed with 3% glutaraldehyde in 01 M
cacodylate (established by preliminary studies to determine optimum fixation of semen), postfixed
in 2% aqueous osmium tetroxide, dehydrated in graded ethanols and embedded in Araldite.
From each semen sample, three blocks were chosen by lottery and one section taken from each
onto a 200-mesh copper grid.
From each section micrographs (two magnifications) were taken according to a pre-determined
un-biased sampling raster.
Point counting was used to estimate volume densities (VJ) of various structural parameters of
the head, mid-piece and tail of the spermatozoa. The volume densities were referred to the mean
absolute volume of the spermatozoon, the latter being determined by measurements of the nucleus
via the volume-weighted mean volume (Vj) method (Gundersen & Jensen, J. Microsc. 138, 1985).
This numerical characterisation of the spermatozoa from numerous samples of the semen of
fertile males is continuing and is providing us with a reference base for the study of cells from
men of established or putative infertility.
9. Spermatogenesis and the fate of spermatozoa after vasectomy. By L. A. POWELL and
G. LEEMING. Department of Cell and Structural Biology, University of Manchester
Spermatogenesis, which begins at puberty and continues throughout adult life, generates vast
numbers of spermatozoa which express a range of antigens foreign to the host. Access of
spermatozoal antigens to the host's immune system is normally prevented by their containment
within the seminiferous tubules and excretory ducts of the testes prior to ejaculation. Vasectomy
undoubtedly prevents ejaculation of spermatozoa but there are conflicting reports as to its effects
upon spermatogenesis, the structure of the testis and its excretory ducts and the host's immune
system. The present study was designed to investigate those aspects of the post-vasectomy state
in the rat using autoradiography and routine histological methods.
Thirty sexually mature DA male rats were subdivided into 5 groups each of 6 animals. Four
groups were subjected to bilateral vasectomy, using a lateral scrotal surgical approach under
general anaesthesia, while the remaining group served as a control. All animals were given bilateral
intratesticular injections of 10 ,uCi tritiated thymidine with the 4 experimental groups receiving
their intratesticular injections 2, 4, 6 and 8 weeks respectively after the vasectomy procedure.
To test the hypothesis that vasectomy in the short term does not disturb spermatogenesis the
6 animals in each group were killed 3, 10, 17, 24, 31 and 38 days after intratesticular injection,
thus yielding 10 testes for autoradiographic study at each of the post-injection intervals. This
experimental design also allowed other effects of vasectomy to be observed at weekly intervals over
a period of 12 weeks from the seventeenth post-vasectomy day, since tissues were available from
1, 2 or 3 animals at each observation point.
The results of this investigation indicate that vasectomy induces granuloma formation which
allows spermatogenesis to continue normally but provides a mechanism whereby spermatozoal
antigens gain access to the host's immune system.
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10. The immunosuppressive effect of seminal plasma. By M. SAEED and J. M. MCLEAN. Department
of Cell and Structural Biology, University of Manchester
Spermatozoa express alloantigens. Artificial insemination with allogeneic epididymal spermatozoa and allogeneic mating stimulates the production of specific anti-male strain cytolytic T cells
in the uterine regional lymph nodes of the female recipient. The cytolytic T cell response after
mating does not extend beyond the third post-coital day and is not demonstrable at the time of
implantation on the fifth post-coital day. The cytolytic T cell response after artificial insemination
is still demonstrable on the fifth day after insemination. These observations (Thomas & McLean,
Am. J. Reprod. Immunol. 6, 1984) suggest that the post-coital immune response is suppressed by
the presence of seminal plasma in the ejaculate.
An immune response to antigenic challenge may be monitored by observing the changes induced
in the host's lymphoid tissues and this approach was used to demonstrate the progress of the female
rat's immune response to hind footpad injection of allogeneic epididymal spermatozoa suspended
in phosphate-buffered saline (Willetts & McLean, J. Anat. 146, 1986). The present investigation
was designed to study the effects of hind footpad injection of allogeneic seminal plasma on the
female rat's lymphoid tissues and to demonstrate the progress of the female rat's immune response
to hind footpad injection of allogeneic epididymal spermatozoa suspended in allogeneic seminal
plasma.
The method of investigation involved observations of tissue weight, cell content, cell density
and cellular proliferation applied to the thymus, the regional lymph nodes of the hind footpad
and distal nodes, beginning during the oestrous phase of the oestrous cycle when the allogeneic
challenge was made and repeated at two day intervals until the sixth day. The recipients were
female rats, 13-15 weeks of age, from two inbred strains, AD and DA, differing at the major
histocompatibility locus. The allogeneic challenge was prepared from male rats of the opposite
strain.
Seminal plasma alone increased intrathymic proliferation and cellular recruitment to the
regional lymph nodes while the immune response to spermatozoa in seminal plasma was
significantly depressed compared with that of spermatozoa in phosphate-buffered saline.

11. The effects of ethylene-1,2-dimethanesulphonate (EDS) on the postnatal rat testis. By
A. M. ZAIDI and R. G. LENDON. Department of Cell and Structural Biology, University of
Manchester
Previous studies have shown that EDS produces a rapid, reversible suppression of fertility in
the adult male rat caused by disruption of spermatogenesis and mediated via a direct, selective
cytotoxic action on the Leydig cells of the testicular interstitium (Jackson et al. J. Reprod Fert.
76, 1986). Following a single sterilising dose of EDS there is a rapid phase of Leydig cell
degeneration with complete destruction of the functional population within 48 hours. The
interstitium is repopulated with regenerated Leydig cells between 14 and 28 days post-treatment.
The present study investigates the effect of EDS on the developing rat testis. Neonatal male
Wistar rats received daily subcutaneous injections of EDS (50 mg/kg in 1:3 DMSO: water)
between days 5 and 16 postnatally and were killed on selected days from 6 postnatal days
(p.n.d.) to 108 p.n.d. The testes of EDS-treated and control (vehicle only) animals were examined
using electron microscopy and histochemistry. Within 24 hours of the start of EDS administration
morphological features indicative of impaired steroidogenic function and other degenerative
changes were present in many Leydig cells and the total number of Leydig cells per testis was
apparently decreased. At 11 p.n.d. no Leydig cells were observed. Repopulation of the interstitium
with abnormal Leydig cells occurred between 17 and 28 p.n.d. through differentiation of
fibroblast-like stem cells which proliferated peritubularly from 11 p.n.d. However, although there
was an apparent overpopulation of Leydig cells relative to testis size, total Leydig cell numbers
in the EDS-treated testes remained significantly lower than controls throughout the period of
study. EDS also caused total, permanent destruction of spermatogenic cells possibly via a direct
cytotoxic action on Sertoli cells which does not occur in EDS-treated adults. This may reflect the
known absence of the blood-testis barrier before 17 p.n.d. (Vitale et al. Anat. Rec. 176, 1973).
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12. Biochemical and morphological evidence of increased protein and nucleic acid synthesis in
chronically stimulated rabbit skeletal muscle. By S. SALMONS. Department of Anatomy, University of Birmingham
Although skeletal muscle is a highly specialised tissue, its adult differentiated state can be
modulated by a change in its normal pattern of use. This so-called plasticity is demonstrated most
strikingly in the response of mammalian fast-twitch muscle to chronic indirect electrical stimulation. Over a period of weeks such muscle acquires all the properties of muscle of the slow-twitch
type, a transformation that involves the activation of some genes and the suppression of others.
Within this response a more generalised set of phenomena may also be recognised. During the
first 3 weeks of stimulation protein synthesis, measured by continuous infusion of tritiated tyrosine,
undergoes a 3- to 5-fold increase, while total RNA doubles in amount. In both cases this is followed
by a decline towards levels typical of slow-twitch muscle, which are reached by about 9-10 weeks.
Some of the associated morphological changes are evident by 11 days after the onset of stimulation.
They include enlargement of myonuclei, elaboration of nucleoli, dispersal of heterochromatin,
accumulation of mitochondria in the vicinity of myonuclei, appearance of granules (presumed to
be ribosomes) in the cytoplasm, and development of a prominent Golgi apparatus.
During the same period there is a 3-fold increase in the amount of DNA. Autoradiography at
the light microscopic level shows that, while some of the DNA synthesis is associated with increased
amounts of vascular and connective tissue, there is also a significant increase in the number of
myonuclei. At the electron microscopic level it is possible to demonstrate uptake of tritiated
thymidine in both myonuclei and satellite cells. Such events may have an important influence on
the time course of fast-to-slow type transformation.

13. Spatial pattern analysis of muscle (SPAM). By M. MAHON, F. KRLSTMUNDSDOTTIR and
W. J. K. CUMMING*. Department of Cell and Structural Biology, University ofManchester and
* Department of Neurology, Withington Hospital, Manchester
Histochemical techniques have shown many mammalian skeletal muscles to be composed of
heterogeneous populations of muscle fibres. The two-dimensional distribution of these fibre types
within a cross section of a given muscle is often unique, although this may be altered by experimental interference or during the course of neuromuscular disease, especially if denervation
and reinnervation is involved.
Numerous subjective and objective methods have been described for analysing these distributions though many are complex or require sophisticated and expensive equipment and have rarely
been applied to clinical or experimental material.
The methods described here are a combination of various well established statistico-geometric
methods some of which have previously been applied to muscle tissue. In this combined method
a spiral test lattice is applied to a photomicrograph or camera lucida image of histochemically
stained transverse cryostat sections of muscle. The occurrences or 'hits' of the two major fibre
types as they intersect the test line are recorded directly via the keyboard of a BBC microcomputer.
The resident BASIC SPAM program enables instant readout of percentage fibre types, randomness
or non-randomness of the distribution, contiguity index, and the average run-length of adjacent
fibres of the same type. The method is simple and quick, taking less than 2 minutes to measure
and analyse a typical low power field.
Data for theoretical models of fibre distributions are also provided by microcomputer generated
simulations and used for comparison.
Results from normal animal and human limb muscles usually showed regular (hyperdispersed)
distributions of fibre types whereas random or clumped distributions were often found in
pathological muscle, especially in denervating conditions such as motor neuron disease or spinal
muscular atrophy. This integrated package is presented as a relatively simple and inexpensive
method providing objective data on fibre type distributions for routine use in the clinical or research
laboratory and is particularly applicable to anisotropic tissues such as muscle and nerve.
14. Skeletal muscle characteristics of Snell dwarf mice. By N. C. STICKLAND, PATRICIA E. MESCALL
and A. R. CROOK. Department of Anatomy, The Royal Veterinary College, London
The Snell dwarf mouse (dw) is associated with impaired growth ofthe anterior pituitary resulting
in reduced production of growth hormone and thyroid-stimulating hormone. It is known that
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administration of growth hormone can improve muscle growth in normal animals but changes
in muscle.due to genetically altered hormone levels have not been fully characterised.
Six Snell dwarf mice and six phenotypically normal littermates were used in this study and
killed at 33 days of age. M. biceps brachii (a predominantly fast muscle) and m. soleus (a mixed
fibre type muscle) were removed from each animal and complete frozen transverse sections
obtained for all muscles. Serial sections were stained for various enzyme activities in order to
identify muscle fibre types.
Analysis of the muscle sections revealed no difference in total muscle fibre number between the
two groups of mice but there was a marked difference (particularly in m. soleus) in mean
cross sectional area of the muscle fibres. The percentage of slow, oxidative fibres was approximately
32% in m. soleus for both groups of mice. However, there was a marked difference in the percentage
of this fibre type in m. biceps brachii, being about 0 5% in the normal mice and 6 5% in the dwarf
mice. Density of nuclei was approximately doubled in the muscle of dwarf mice although total
nuclei numbers were half those found in normal mice. M. soleus exhibited greater differences in
these parameters than m. biceps brachii.
The results presented here suggest that dwarfism affects only the postnatal growth of muscle
with the slower muscle seemingly more affected than the fast muscle; there appears to be no lasting
prenatal effect on muscle as far as the development of muscle fibre numbers is concerned.
The animals for this investigation were kindly provided by Dr A. T. Holder of the Institute of
Child Health, London.
15. Is barrier thickness in the human placenta influenced by the prevailing p02? By G. R. CRITCHLEY
(introduced by G. J. BURTON). Department of Anatomy, University of Cambridge
Despite its homogeneous appearance the human placenta is subdivided into 40-60 independent
feto-maternal vascular units known as lobules. Each lobule, 2-3 cm diameter, consists of branches
of a single stem villus. A villus-free central cavity usually exists and into this maternal arterial blood
is discharged from the spiral arteries. The blood percolates radially through the villous tree to drain
into the peripherally situated endometrial veins, becoming progressively deoxygenated as it does
so. A central to peripheral oxygen gradient thus exists within each lobule.
In order to determine whether variations in barrier thickness occur in response to this gradient
morphometrical data were obtained from samples taken from central and peripheral locations
within the same lobule at the levels of the basal plate, mid-zone and chorionic plate.
Lobules were taken from 10 normal term placentae fixed by perfusion using 2% glutaraldehyde,
2% paraformaldehyde in Pipe's buffer at 50 mmHg. After embedding in Taab resin sections 1 gm
thick were cut for light microscopy. Ten terminal villi were examined at a final magnification of
x 1250 from each of the six areas on a blind basis. Volume fractions of tissue components were
estimated using a point-counting grid whereas arithmetic and harmonic mean barrier thicknesses
were determined from orthogonal intercept lengths. Data were analysed by analysis of variance
for paired comparisons and where significant differences were detected these were investigated
further using paired t tests.
At each level within the placenta the harmonic mean barrier thickness was significantly reduced
in the peripheral region of the lobule compared to the central region. By contrast no change was
found in the arithmetic mean thickness, the volume fraction of the fetal capillary lumina or the
mean capillary diameter. These results suggest the placenta may adapt to relative hypoxia by a
reduction in barrier thickness and that this can occur independently of any change in the calibre
of the fetal capillaries.

16. Morphometric diffusing capacity for oxygen in placentae from high and low altitudes. By MOIRA
R. JACKSON, T. M. MAYHEW and J. D. HAAs*. Department ofAnatomy, University ofAberdeen
and * Division of Nutritional Sciences, Cornell University, Ithaca, USA
Studies on the effects of altitude and race on Bolivian neonates and their placentae have revealed
lower birthweights at high altitude but no altitudinal differences in placental weight. However,
stereological examination of histological material has shown that placental composition alters
substantially at high altitude. We have tried to assess the impact of these structural changes on
the oxygen diffusing capacity of the placenta.
An estimate of the morphometric diffusing capacity for oxygen, Dp, may be obtained by
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combining stereological estimates of placental structure (volumes - intervillous space, fetal
capillaries; surface areas - maternal and fetal erythrocytes, villi, fetal capillaries; harmonic mean
thicknesses - maternal and fetal plasmas, villous membrane) with appropriate physico-chemical
coefficients gleaned from the literature (Mayhew et al. J. Anat. 139, 1984).
The model currently employed to estimate Dp divides the materno-fetal oxygen pathway into
5 serial resistances. These are: Rme (maternal erythrocytes), Rn1p (maternal plasma), Rvm (villous
membrane), Rfp (fetal plasma) and Rfe (fetal erythrocytes). Total placental resistance to oxygen
flow, Rp, is equal to the sum of these 5 partial resistances. The reciprocal of Rp represents Dp,
the total diffusing capacity for oxygen, in ml/min/torr. Both minimum and maximum Dp values
are calculated to take account of the published ranges of values for the physicochemical
coefficients.
Results indicate that Dme and Dmp are significantly increased at high altitude while Dfp is
reduced. However, there are no altitudinal differences in Dp (2 32-2 67 ml/min/torr) or in specific
Dp (i.e. Dp/birthweight) (0 71-0 85 ml/min/torr/kg). This overall similarity may be attributed to
the maintenance of Dvm across altitudes. The villous membrane accounts for the bulk (82-93 %)
of total placental resistance to oxygen flow.
Thus, birthweights remain lower at high altitudes despite adaptations in placental structure
which serve to maintain Dp at levels found in lowland organs.
Research supported by an Anatomical Society Studentship, The Leverhulme Trust and
The National Science Foundation, BNS76-12312.
17. What is the ventral arc? By S. M. MACLAUGHLIN and M. F. BRUCE. Department of Anatomy,
University of Aberdeen
Methods for determining sex from adult human skeletal remains fall into two main categories the visual approach which is essentially subjective and depends on the experience of the observer
and the more objective and increasingly preferred metric approach.
Phenice (Am. J. Phys. Anthrop. 30, 1969) described a visual method which was 'highly objective
and which does not require years of experience for accurate application'. It is based on three
features of the os pubis - the ventral arc, the sub-pubic concavity and a ridge on the medial aspect
of the ischio-pubic ramus. Each feature is present in a typically female innominate and absent in
a typically male innominate. The technique has found favour with a number of anthropologists
(Buikstra & Mielke, in The Analysis of Prehistoric Diets. Ed. Gilbert & Mielke, London Academic,
1985; Kelley, Am. J. Phys. Anthrop. 48, 1978). They and Phenice considered that, of the three
features, the ventral arc was the most reliable indicator of sex and was also the least likely to be
found in an ambiguous or intermediate condition. Phenice defined the ventral arc as 'a slightly
elevated ridge of bond which extends from the pubic crest and arcs inferiorly across the ventral
surface to the lateral-most extension of the sub-pubic concavity where it blends with the medial
border of the ischio-pubic ramus'. He did not however suggest the functional basis of this ridge
nor did he explain its sexually dimorphic nature.
This study presents the results of (1) a multi-observer test of the Phenice method on a sample
of innominates of documented sex and (2) tests of the discriminatory capacity of each of the
three features independently. The question of the anatomical basis of the ventral arc then was
addressed.
18. Ultrasonic analysis of dental tissues including the diagnosis of early carious lesions. By S. Y. NG
(introduced by M. W. J. FERGUSON). Department of Cell and Structural Biology, University of
Manchester (Fig. 2)
The sonic velocities for human enamel and dentine have been experimentally determined using
ultrasound of 18 MHz frequency. In molars, enamel demonstrated mean sonic velocities of
6161 + 137m/s in longitudinal section, and 6501 + 192m/s in transverse section; whilst dentine
in longitudinal section gave 4029 + 30m/s.
A pilot study was conducted on the use of high frequency ultrasound waves for the non-invasive
imaging of dental caries. Dental caries, if diagnosed early whilst still confined to enamel, can be
arrested and reversed by topical fluoride treatment. Double blind experiments were performed on
8 extracted human permanent teeth. These had been subjected to a laboratory demineralization
regime in order to produce artificial carious lesions in small 'window' areas on their labial enamel
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surfaces, using either Moreno's solution or 6% hydroxyethylcellulose for a period of 1, 3 or 7
days. For each tooth, the cervical half was prepared for microradiography to determine the degree
of demineralization; the incisal half was scanned by an ultrasound pulse-echo technique to obtain
blind and independent acoustic data.
Demineralized enamel could be differentiated from good enamel by observing a simultaneous
change in the amplitudes of the echoes reflected from the enamel surface and the amelo-dentinal
junction (Fig. 2a). Where the mineral content in the body of the lesion was less than 57%
(undemineralized enamel = 100%), the demineralization could be detected ultrasonically (6
specimens). A correlation was also found between the mineral content of the body of the lesion
and the gradient of the amplitude ratio curve (Fig. 2b). This can be explained by the decrease in
the specific acoustic impedance of demineralized enamel.
The results demonstrate that high frequency ultrasound has great potential for the imaging of
dental hard tissues. Not only is a qualitative differentiation between good and demineralized
enamel possible; but also a morphological assessment, which is theoretically deducible from the
time of flight between the echoes reflected from the enamel surface and the amelo-dentinal junction.
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19. A quantitative method for the assessment of fracture repair. By R. N. BRUETON, F. W. HEATLEY,
and M. BROOKES. Orthopaedic Research Group, United Medical and Penial Schools, Department of Anatomy, Guy's Hospital Medical School, London
A transverse fracture of the lower third of the tibia was studied in 36 New Zealand White rabbits.
A specially designed rigid external fixator maintained a fracture gap throughout. The animals were
in two groups, one control and the other ultrasonicated. Three from each group were killed
at two weekly intervals up to twelve weeks post-operatively. The fracture was assessed radiologically and histologically. Weekly AP and lateral radiographs were taken. A radiological scoring
system was devised related to callus deposition in the gap and to cortical reconstitution. Repair
of the medial and lateral cortices was particularly revealed by the radiographs, although the
posterior cortex was also visible.
A median sagittal section through the fracture site was taken and the anterior and posterior
cortices were studied histologically. The histological scoring system defined six zones. The tissues
ranged in degree of differentiation from blastema to hard callus. Each tissue was allocated an
arbitrary number, increasing with the degree of differentiation. The tissues found in each of the
six zones were recorded and the sum of their numbers represented the maturity of the junctional
tissues.
The raw radiological and histological scores were each converted into a percentage of that for
the completely healed specimen. Thus the mean percentage for each fracture gave a final quantitative
assessment of its repair at serial intervals based on two radiological views and one histological
section.
The application of this method to the fracture studied bere suggests that the ultrasonicated series
did not heal more rapidly than the controls.
20. Distribution of crystalloid material in macrophagvs ftm various sites. By G. E. MARSHALL,
J. R. SHORTLAND* and G. HUDSON. Departments of Haematology and *Pathology, University
of Sheffield (Fig. 3)
Crystalloid material is regularly found in bone marrow macrophages of adult mice weighing
over 30 g, and experimental evidence has been obtained suggesting that it may be derived from
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granulocyte (and particularly eosinophil) breakdown products (Ali, Shortland & Hudson, Br. J.
exp. Path. 62, 1981). Although it has occasionally been noted in splenic macrophages, it has not
previously been reported in other sites in the normal mouse. In an attempt to throw further light
on the distribution and nature of this material, an ultrastructural study has been made of
macrophages from a variety of sites.
Specimens of bone marrow, spleen, liver, thymus, lymph nodes, terminal ileum including Peyer's
patches and lung were obtained immediately post mortem from 6 healthy male white Swiss mice
of 36-40 g body weight. The technique of perfusion fixation with Karnovsky's fixative was used
and specimens were processed for electron microscopy by standard methods.
Crystalloid inclusions were found in the marrow and splenic macrophages, in the Kupffer cells
of the liver (Fig. 3: bar = 1 pm), and in the macrophages of the terminal ileum and the lung. They
were not found in the macrophages of the thymus or lymph nodes nor in the substance of Peyer's
patches. In all the sites, the morphological appearances of the material was essentially the same
as already described in the marrow.
The distribution would be consistent with the suggested origin of crystalloid material from
granulocyte breakdown.
21. The growth and granulocytopoietic support capacity of adherent stromal layers derived from the
liver. By D. BRYNMOR THOMAS, HosNE ARA and CECILIE BRISCOE. Department of Anatomy and
Experimental Pathology, University of St Andrews
The growth of adherent stromal layers (ASLs) derived from murine liver has been compared
with the growth of ASLs derived from murine bone marrow and the ability of ASLs derived from
murine liver to maintain granulocytopoiesis in long term liquid culture has been evaluated. Cell
suspensions prepared from the bone marrow of adult mice, the livers of murine fetuses on the 15th
and 18th days of gestation, the livers of mice on the 1st and 10th days after birth and the livers
of adult mice, were incubated in the presence of horse serum and hydrocortisone.
The growth of ASLs was assessed regularly using an eyepiece graticule which superimposed 25
randomly disposed points upon each field examined microscopically and enabled the proportion
of the floor of a culture flask occupied by an ASL to be estimated. The growth rate of ASLs derived
from fetal liver on the 15th day of gestation was similar to that of ASLs derived from adult bone
marrow but as hepatic haematopoiesis declined between the 15th day of gestation and the 10th
day of the neonatal period a progressive decrease occurred in the growth rate of ASLs derived
from the liver. Whereas granulocytopoiesis was maintained for 12 weeks or more in association
with ASLs derived from adult bone marrow which contained numerous adipocytes it was
inconspicuous after 4 weeks in association with ASLs derived from the liver which were virtually
devoid of adipocytes.
The decrease in the growth rate of ASLs derived from the liver, which coincides with the
cessation of hepatic haematopoiesis, may reflect the loss of a population of cells which is essential
for the maintenance of haematopoiesis and the limited granulocytopoietic support capacity of
ASLs derived from the liver may correspond to the limited granulocytopoietic support capacity
of fetal liver.
22. Intracerebral formation of skeletal and haematopoietic tissue following transplantation of
fetal thymic tissue. By D. M. G. HALPIN*, B. D. GREENSTEINt, M. T. JONES: and MARION D.
KENDALL*. Divisions of * Anatomy, t Pharmacology and $ Obstetrics and Gynaecology,
United Medical and Dental Schools, London
As part of a series of experiments investigating interactions between the thymus and the
hypothalamus, day 17 fetal thymic tissue was transplanted into the third ventricle of 10 adult male
mice using a modified 22 gauge needle and plunger stereotactically placed within the third ventricle
as described by Charlton et al. (Nature 305, 1983). Fetal cardiac muscle and liver were implanted
into separate groups as controls. Histological examination of the tissue 8 weeks after implantation
showed that in 3 animals well vascularized capsule of bone, surrounding haematopoietically active
bone marrow, had been formed. In a further 4 animals mature hyaline cartilage was observed and
in 2 of these the implant was also surrounded by adipose tissue. In 2 animals no residual implant
could be identified, and in one animal thymic tissue had persisted. No residual implant was
observed in either of the control groups. Subsequent experiments using thymic tissue from day
19 and neonatal mice have also shown the formation of skeletal elements.

Great Britain and Ireland

235

We believe that the formation of cartilage and adipose tissue, or hone and bone marrow, must
have occurred as a result of specific interactions between the CNS and the thymic tissue, for in
general, if a tissue is not rejected within the CNS it remains histologIally identifiable as the same
tissue that was implanted, and reports of the fate of thymic tissue transplanted under the kidney
capsule describe the persistence of thymic tissue. Thus, from these studies we conclude that there
are cells within the differentiated thymus capable of forming skeletal elements and haematopoietic
tissue in the presence of an appropriate inducer(s) present in thhe CNS,

23. The effects of vasectomy on the autonomic innervation of the butnun ductus deferens By
J. A. GOSLING, J. S. DIXON and JANE BOOTY. Department of Cell antd Structural Biology,
University of Manchester
Improvements in microsurgical techniques have resulted in an incrnaso in the- number ofpatients
in whom reversal of vasectomy (vasovasostomy) has been performed. Although the arrangement
and distribution of intramural nerves which supply the normal human ductus have bien previously
reported (Alm, Brain Res. Bull. 9, 1982), little is known about the response of these nerves to
surgical division of the duct. Consequently the present study has employed neurohistochemical
and electron microscope techniques to compare the patterns of innervastion of the proximal
(urethral) and distal (testicular) portions of the organ. This tissue has been obtained during
vasovasostomy from 43 patients who had undergone vasectomy (surgical divisicon of the ductus
deferens) 1-15 years previously. The results obtained have been assessed in relation to the
autonomic innervation of control specimens obtained from patients undergoing vasectomy (22
patients). Both control samples and tissue from the proximal portion of the divided ductus
possessed a plexus of noradrenergic nerves which coursed throughout the muscularis. In addition
a rich plexus of acetylcholinesterase containing fibres was associated with the basal aspect of the
epithelium in these specimens of ductus deferens. In marked contrast specimens obtained from
the distal portion of the ductus removed at vasovasostomy possessed few noradrenergic nerves
in the muscle coat. Furthermore, in the majority of these samples, acetylcholinesterase-positive
nerve fibres were absent from the subepithelial connective tissues, These findings indicate that a
significant component of the intramural autonomic innervation Courses along the ductus towards
the testis and is interrupted at vasectomy. It seems likely therefore that the contractile and secretory
activities of the distal portion of the ductus are permanently impaired by vasectomy. The
significance of these observations in relation to the motility and fertility of spermatozoa following
vasovasostomy was discussed.
24. Clinico-pathological correlates of human diabetic neuropathy. Nerve fibre population and
endoneurial capillary abnormalities. By R. A. MALIK and A. K. SHARMA. Department of
Anatomy, University of Aberdeen
Clinical and electrophysiological evaluations of selected patients with varying degrees of diabetic
neuropathy were carried out. Following biopsy of their sural nerves, light and electronmicroscopical observations were made in the following groups: non-diabetic controls (3),
non-neuropathic (1), mildly neuropathic (2) and severely neuropathic diabetics (9). Patient consent
was obtained in each case.
Detailed morphometric and stereological study of the fibre populations and endoneurial
capillaries revealed a number of correlations.
First a statistically high negative correlation was observed between the duration of diabetes and
myelinated fibre loss (r = 0 84) and a highly positive correlation was found between the myelinated
fibre density and conduction velocity (r = +0 85).
The capillary pathology, with regard to the number of endothelial capillary cells (r = + 0 89),
total diffusion barrier thickness from lumen to endoneurium (r = +0-84) and basal lamina
thickness (r = + 0 75) displayed high correlation with the duration ofdiabetes. Capillary pathology
was further associated with myelinated fibre loss (degree of neuropathy) with respect to endothelial
cell number (r = -0-87), total diffusion barrier thickness (r = -0-84) and basal lamina thickness
(r = -0 87).
Hence, clinical, electrophysiological and morphological variables show good correlations. Small
vessel disease has been associated with both the duration of diabetes and myelinated fibre loss
suggesting that it might have a role in the development and accelerated progression of human
diabetic neuropathy.
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25. Central-peripheral transition of unmyelinated fibre bundles of rat vagus nerve. By J. P. ROSSITER
and J. P. FRAHER. Department of Anatomy, University College, Cork
Most adult rat vagal rootlets contain an outgrowth of CNS tissue, the central tissue projection
(CTP). This extends for over 150 pm from the brainstem surface into the rootlet and interdigitates
with PNS tissue. A fringe of astrocyte processes extends further distally from the CTP surface.
The rootlet segment containing both CNS and PNS tissue is the transitional zone (TZ).
Most axons in the rootlets studied were arranged as unmyelinated bundles. These were studied
in the TZ, using serial semithin and ultrathin sections of rootlets prepared by standard EM

techniques.
Where each unmyelinated bundle approached the TZ, the perikaryon of the enveloping Schwann
cell lay close to the CTP surface and gave rise to a matrix of branching lamellae which isolated
individual axons within the bundle from one another. The matrix was invaginated into the CTP,
commonly for up to 60 pm. Here it was surrounded by astrocytes. Close to the CTP surface,
Schwann matrix and astrocytes were separated by a cleft containing collagen and lined by basal
lamina. More deeply the cleft disappeared and Schwann matrix and astrocyte processes were
directly apposed to one another. Traced further centrally, the matrix terminated first towards the
bundle's periphery and then towards its middle. Where the matrix had terminated axons were
directly apposed to one another.
Some axon bundles which first entered the CNS towards the distal end of the CTP had a more
complex transition. They re-entered the PNS towards the central end of the CTP before again
entering the CNS. They thus alternated between the CNS and PNS.
In some rootlets the CTP was short. Substantial bundles of unmyelinated axons were enveloped
by series of Schwann cells for lengths of over 100 pm central to the brainstem surface. Such a
peripheral tissue insertion represents a unique relationship between PNS and CNS tissues.
Research supported by the Medical Research Council of Ireland and the Wellcome Trust.
26. A morphometric study of the CNS-PNS transitional zone in rat lumbar ventral roots. By
D. C. BRISTOL and J. P.FRAHER. Department of Anatomy, University College, Cork
L4 motoneuron fibre bundles emerge from the spinal cord as rootlets, which unite to form the
ventral root. The CNS-PNS junction lies within the proximal part of each rootlet. It consists of
a distally tapering central nervous tissue projection (CTP). This is surrounded by PNS tissue. The
rootlet segment containing both types of tissue is the transitional zone (TZ). The transitional node
of Ranvier lies at the CNS-PNS interface and is surrounded by astrocyte processes. This
morphometric study examined the TZs of L4 ventral rootlets and the distribution of nodes within
them, in young adult rats.
Specimens were prepared by standard EM techniques. Alternating sequential series of thick and
ultrathin sections were examined by light and electron microscopy. The following parameters were
determined for each rootlet using a Kontron Videoplan image analysis system: number of fibres
per rootlet; length and cross sectional area of the TZ; volumes of the TZ and the CTP; area of
the free surface of the CTP, namely of the CNS-PNS interface.
The number of fibres per rootlet averaged 29. Fibre calibre distribution was bimodal. 60% of
fibres had a diameter t 6-95 pm. Mean TZ length was 166 pm. This was proportional to the
number of fibres in the rootlet. TZ cross sectional area increased in a proximodistal direction. The
CTP accounted for more than half of the total TZ volume. Accordingly, the CTP is essentially
dome-shaped rather than conical. All the parameters varied considerably between rootlets.
However, they were highly correlated with one another, indicating a dimensional similarity of TZs.
Nodes were preferentially located distally in the TZ. Node density was estimated as the number
of nodes per unit volume of CTP and of TZ, and per unit area of CTP surface. Density increased
proximodistally in the TZ and was inversely proportional to TZ size.
Research supported by the Medical Research Council of Ireland and the Wellcome Trust.
27. Trigeminal afferent pathways to the cerebral arteries in monkeys. By G. L. RUSKELL and
TERESA SIMONS, Department of Optometry and Visual Science, The City University, London
The trigeminal nerve is reputed to have major responsibility for afferent innervation of the
cerebral arteries, but knowledge of the course trigeminal afferents take to reach the vessels is
lacking.
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Unilateral ophthalmic or maxillary neurotomy or both (n = 3 x 3) were used to induce Wallerian
degeneration in cynomolgus monkeys. After 3-7 days, animals were killed by intracardiac
perfusion with a glutaraldehyde/paraformaldehyde mixture and tissues were embedded in
Araldite. Interrupted serial sections for light microscopy were cut through the cavernous sinus in
a frontal plane from the trigeminal ganglion forward to beyond the upturn of the internal carotid
artery. Sections for electron microscopy were cut at appropriate intervals from selected regions
of the tissue blocks.
By means of serial section reconstruction 2, 3 or more fine intracavernous branches were traced
from the ophthalmic nerve. They joined the cavernous plexus and were distributed forward with
autonomic nerves to the adventitia of the internal carotid artery, emerging from the sinus with
the artery. A strong recurrent branch from the plexus joined the abducent nerve, passed back and
left the nerve at pontine level to innervate the basilar artery and the caudal circle of Willis. The
recurrent nerve was absent from one side of two animals and showed asymmetry in others. No
intracranial branch issued from the maxillary nerve, but in the pterygopalatine fossa the
orbitociliary branch of the maxillary nerve gave off one or two filaments that re-entered the cranial
cavity through the medial inferior orbital fissure and joined the cavernous plexus. Their content
augmented the ophthalmic afferent distribution. The degeneration experiments greatly assisted in
tracing afferents through the sinus to their targets and showed that no nerve leaving the plexus
contained afferents alone.
The results show firstly, that the cavernous plexus consists ofa mixture of sensory and autonomic
nerves (sympathetic and parasympathetic) and secondly, that afferents of the internal carotid artery
and rostral circle of Willis and those to the basilar artery and caudal circle of Willis are distributed
separately.
28. Distribution and termination of trigeminal afferents to the cerebral arteries in monkeys. By
TERESA SIMONs and G. L. RUSKELL. Department of Optometry and Visual Science, The City
University, London
Recent neurohistochemical and tracer techniques have indicated that the cerebral arteries of
several species of mammal receive a sensory innervation, and implicate the trigeminal ganglion
as the major source. The present study was undertaken to seek confirmation of this using Wallerian
degeneration and to note the disposition of sensory terminals in the artery walls.
The species chosen was the cynomolgus monkey. Left ophthalmic (V1) or maxillary (V2)
neurotomy or a combination of both was performed on each animal, allowing a survival period
of 3-7 days. Tissues were prepared as described in the preceding communication.
In each case, degenerated myelinated and unmyelinated fibres were visible in adventitial nerves
of ipsilateral cerebral arteries. The proportion of degenerated myelinated fibres around the internal
carotid artery was least following V2 neurotomy (av. 20%, n = 3) and greatest following V1/V2
neurotomy (av. 63%, n = 4).
Animals displayed a wide variability in the numbers of degenerated fibres in the walls of the
caudal cerebral arteries, particularly the basilar, this being consistent with the asymmetry of the
abducent sensory branch, as described in the preceding communication. The highest proportion
of degenerated myelinated fibres was seen following left V1 neurotomy in an animal with a left
unilateral basilar supply (42%), whereas a V1/V2 neurotomy in an animal with a right unilateral
supply failed to induce degeneration in the basilar artery nerves.
Degenerated nerve terminals were observed in the adventitia, including the medio-adventitial
border of all large arteries. Degenerated terminals were usually found amongst bundles of unaffected terminals.
We conclude from the results that both rostral and caudal cerebral arteries of the monkey are
supplied by sensory fibres of the ophthalmic and maxillary divisions of the trigeminal nerve.
29. Incomplete Nissl staining of frozen secdons of central nervous system and its avoidance. By
J. D. COOPER and J. N. PAYNE.* Department of Anatomy, University of Bristol and
* Department of Anatomy and Cell Biology, University of Sheffield
The fluorescent retrograde tracer diamidino yellow was injected into the caudate nucleus of adult
rats under general anaesthesia. In 30 gum thick, unstained frozen sections through the midbrain,
retrogradely labelled neurons were seen in the substantia nigra. When these sections were Nissl
stained in a routine manner with toluidine blue only a proportion of the retrogradely labelled
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neurons were stained. As the presence of such a retrograde tracer was shown not to affect the
Nissl staining of such neurons it was concluded that such incomplete staining may be a common
problem in similar material. Further investigation with other stains revealed that the proportion
of such unstained neurons was greater when staining time was short, when stain concentration
was low, or when section thickness was increased. Some stains were worse in this respect than
others; the use of cresyl fast violet resulted in the highest proportion of unstained neurons, while
thionin resulted in the lowest proportion. It was concluded that the rate of diffusion of the stain
into the section was the main factor limiting the staining of the neurons. Care must therefore
be taken to control the conditions of staining to ensure maximal visualisation of neurons present
within such frozen sections.
30. The topographical localization of neurons whose axons project to the primary motor cortex of
the rat. By M. J. BLACKMORE and J. ROBERTSON-RINTOUL. Department of Anatomy and
Experimental Pathology, University of St Andrews
The purpose of this study was to determine the pattern of thalamic and other subcortical
projections to the primary motor cortex of the rat by the use of retrograde intra-axonal transport
of marker. Following accurate stereotaxic injections of horseradish peroxidase conjugated to the
plant lectin wheat-germ agglutinin (WGA-HRP) into the motor cortex, the use of an appropriate
survival period and subsequent processing by the TMB (tetra-methyl benzidine) method of
Mesulam (1978), labelled cell bodies were found in a number of subcortical regions of the brain.
Prominent labelling was found in the ipsilateral ventrolateral, ventroposterior lateral and
ventroposterior medial thalamic nuclei, and in the intralaminar nuclei: central lateral thalamic,
and central median thalamic nuclei.
As well as labelling in specific thalamic nuclei, tracer was also present ipsilaterally in several
other forebrain structures. These included components comprising the corpus striatum: the ventral
pallidus; globus pallidus; and caudate putamen, and cells in the hypothalamic and subthalamic
nuclei, the striae terminalis, substantia innominata and zona incerta. Labelling was also present
in a number of regions of the brain stem: the locus coeruleus bilaterally; the raphe and reticular
nuclei; the facial nucleus (VIII); the retrorubral field; the central grey area; and the substantia
nigra.
Cells labelled in the pontine nuclei and the substantia nigra after a 48 hour survival period,
indicate the possibility of transneuronal labelling.
The present findings were compared with those of other workers.
31. A study of the corticospinal pathway in the rat. By C. L. HoGG and J. ROBERTSON-RINTOUL
Department of Anatomy and Experimental Pathology, University of St Andrews
Wheat-germ agglutinin conjugated to horseradish peroxidase (WGA-RRP) was injected into
the forelimb area of the primary motor cortex of the albino rat, to obtain anterograde transport
of the marker along the corticospinal axons. In the same animal retrograde axonal transport of
WGA-HRP was secured by injecting the marker into a ventral neck muscle (sternomastoid,
sternohyoid or longus colli) of the opposite side to the cortical injection, when labelling of the
anterior horn cells (lower motor neurons) occurred.
The rat was chosen as the experimental animal since the corticospinal tract is dorsally situated
within the dorsal white column and so is widely separated from the ventrally located motor
neurons, which would thus facilitate the demonstration of presumed interneurons. Survival times
were varied between 2 and 5 days in an attempt to obtain trans-synaptic transport of the marker
and optimum labelling of the connector neurons.
In animals permitted to survive 4-5 days labelling of corticospinal axons was observed in the
internal capsule, cerebral peduncles, the pons, the pyramids of the medulla, the decussation of
the pyramids and in the ventral part of the dorsal white column of the spinal cord. Ax )ns within
the dorsal corticospinal tract were seen to pass into the adjacent dorsal grey column to terminate
in lamina 4 (cf. Rexed, 1964), in relation to dorsal horn cells which were then presumed to be the
'interneurons'. In sections showing labelled interneurons it was usually noted that large labelled
motor neurons were visible in laminal 8 and 9 (cf. Rexed).
Photomicrographs of sections exhibiting all three neurons on the corticospinal pathway will be
shown and discussed.
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32. Postnatal development of the trochlear nerve and nucleus of the rat. By M. J. HOUGH (introduced
by P. MCCONNELL). Department of Anatomy, University of Leeds
Trochlear nerve fibres originate from the trochlear nucleus in the periaqueductal grey of the
midbrain, then pass caudally to enter the anterior medullary velum (AMV) on the antero-inferior
surface of the cerebellum. Here they decussate before forming the contralateral trochlear nerve.
A postnatal developmental study was performed to document (a) changes in the number and
size of trochlear motoneurons and (b) the progress of myelination of the CNS portion of the
trochlear axons. Horseradish peroxidase (HRP) solution was injected, under anaesthesia, into the
right superior oblique muscle of rats aged 4 dpn, 9 dpn, 14 dpn, 19 dpn, 29 dpn and adult. Animals
were killed 24 hours later and the AMV and midbrain were reacted with tetramethyl benzidine
to demonstrate retrogradely transported HRP. Labelled cells within the midbrain were counted
and measured using light microscopy. The AMVs were processed for electron microscopy.
The diameter of the trochlear neurons increased between 5 dpn and 15 dpn, the major change
occurring between 10 dpn and 15 dpn, possibly indicating that morphological maturation of these
cells is related to eye opening at 14 dpn. The number of trochlear neurons and the ratio of
contralateral: ipsilateral neurons remained constant between 5 dpn and adulthood. However,
preliminary results of a subsequent study of 1 dpn rats suggest that the number of trochlear neurons
is substantially greater at 1 dpn that at 5 dpn. Myelination of the labelled trochlear nerve fibres
within the AMV was well underway by 5 dpn. A rapid phase of myelination occurred between
5 dpn and 15 dpn such that the myelin sheath was thickest at this age. Maturation and compaction
of the myelin sheath continued until 20 dpn. Adults differed only in having an increased range
of axon diameter and myelin sheath thickness. Comparison of these results with a study of the
peripheral trochlear nerve (Kerns, J. Comp. Neurol. 189, 1980) indicated marked differences in
calibre between central and peripheral portions of trochlear nerve fibres.

33. Dual projections of corticocortical neurons in area 3b of the fetal rhesus monkey: a double
labelling study. By H. P. KILLACKEY and L. M. CHALUPA* (introduced by T. P. S. POWELL).
Departments of Psychobiology and Anatomy and Neurobiology, University of California, Irvine,
and * Department of Psychology and California Regional Primate Center, University of
California, Davis, USA
Previously (Killackey & Chalupa, J. Comp. Neurol. 244, 1986) we demonstrated that callosal
projection neurons in the postcentral gyrus (PCG) of the fetal rhesus monkey undergo a marked
change in areal distribution between embryonic day (E) 19 and 133. To analyse the morphological
events underlying this change, two fetuses (El10 and E1 20) were injected with fluorescent tracers
(diamidino yellow in contralateral PCG and fast blue in posterior ipsilateral PCG) and killed
4 days later. A third fetus (El 10) received injections of fast blue in the contralateral PCG and
of rhodamine labelled microspheres in the posterior ipsilateral PCG and was killed at E145
for analysis.
In area 3b of the two fetuses examined at early ages both tracers could be detected within
neurons, indicating that their processes had reached the vicinity of their targets in both
hemispheres. The immaturity of the labelled neurons (thin apical processes and the small size and
paucity of perikaryal cytoplasm) precluded determining with certainty if individual neurons were
double labelled. However, clusters of double labelled neurons could be clearly identified in area
3b of the third fetus in which cortical neurons had matured considerably.
While we have yet to determine if double labelled neurons are present at later ages, we tentatively
conclude on the basis of a comparison of our observations with reports of the rarity of double
labelled neurons in the cortex of mature rhesus monkeys (Anderson et al. J. Comp. Neurol. 232,
1985; Schwartz & Goldman-Rakic, J. Comp. Neurol. 226, 1984) that there are more dual cortical
projection neurons early in development than later. This suggests that process elimination plays
a role in shaping the adult distribution of callosal projection neurons in rhesus monkey as in other

species.
Supported by US NIH grants RR00169 and NS 17234.
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34. The relationship between area 5 and area 7 in the parietal lobe of the monkey. By J. W. NEAL,
R. C. A. PEARSON and T. P. S. POWELL. Department of Human Anatomy, University of Oxford
The cortex of area 5 of the parietal lobe of the monkey has been shown to send ipsilateral
cortico-cortical fibres to area 7, but certain aspects of this projection are still unclear. It is not
known, for example, whether area 5 projects to the whole extent of area 7 or only to its lateral
part, 7b or PF, which is more closely related to somatic functions than the medial part, 7a or
PG, which is predominantly visual. Anatomical studies have shown that the primary somatic
sensory cortex (SI) projects to area 5 in a well-organised manner and the somatotopic representation in area 5 that has been inferred from these findings is in accord with the observations made
with electro-physiological techniques. A crude topographic representation of the body in area 7b
has been found in microelectrode investigations, but the relationship between the representations
in areas 5 and 7b is not known. In an attempt to provide information on these questions the
distribution of labelled cells in area 5 has been studied after injections of HRP or WGA/HRP
in area 7.
The division of area 7 into two sub-divisions on the basis of differences in their cytoarchitecture
is confirmed, as only 7b receives cortico-cortical fibres from area 5, and area 7a receives cortical
fibres from the posteriorly situated visual areas. The two subdivisions of area 7 are not interconnected by cortico-cortical fibres. The corticocortical connections between areas 5 and 7b
are well organised so that parts of these areas that contain the same representation of the body
are reciprocally connected, and the representations of the face and arm in area 7b are relatively
large, whereas those of the trunk and leg are small.

35. Heterotypic innervation of rat sympathetic neurons in the presence and absence of exogenous
ganglioside. By G. J. CLOWRY and MARGARET R. MATTHEWS. Department of Human Anatomy,
University of Oxford
The heterotypic innervation of the rat superior cervical ganglion (SCG) by the hypoglossal nerve
is enhanced by post-ganglionic axotomy (Matthews & Ramsay, J. Physiol. 307, 1980). Since up
to 50% of the axotomized neurons die, does this result merely reflect relative neuron populations?
In rats following hypoglossal-SCG anastomosis, with and without post-ganglionic axotomy
(Matthews & Ramsay, 1980) we injected gangliosides intraperitoneally for 30 days post-operatively
in the dosage (5-10 mg/kg) which Gorio et al. (Neuroscience 8, 1983) found produced expansion
of somatic motoneuron territories during regeneration. Controls, similarly operated, received
saline injections. 48-189 days post-operatively, SCGs were removed for electron microscopy and
in some animals (49-119 d post-operatively) horseradish peroxidase was applied to the cut
post-anastomotic nerve segment to label retrogradely hypoglossal neurons which had regenerated
through the anastomosis; these animals were perfusion-fixed under anaesthesia 24 hours later and
labelled neurons identified by the Mesulam technique.
In ganglioside-treated animals (n = 5) approximately 30% of surviving hypoglossal neurons
(87o% survival) became labelled compared with 20o% labelling (88o% survival) for controls (n = 3).
Electron microscopy showed higher incidences of hypoglossal-type nerve endings and synapses
in control than in ganglioside-treated ganglia but confirmed an approximately 2 5-fold difference
between axotomized and non-axotomized groups (nerve endings per nucleated neuronal profile,
axotomized: control 127-128 days, 0-80 (0 40-1 20), ganglioside 118-177 days, 0-42 (0.40-067);
non-axotomized: control 139-189 days, 0 32 (0 22-0 55), ganglioside 164-181 days, 0 17 (0-0 22);
median incidences per grid square with 95% confidence intervals, 3 or 4 rats per group). This
difference is greater than might be expected from redistribution of hypoglossal endings amongst
a neuron population reduced as much as 50% by axotomy. Ganglioside treatment may have
enhanced hypoglossal regeneration into the ganglion but did not increase the formation of nerve
endings and synapses. On the contrary it may have promoted the rejection of heterotypic synapses.
These results suggest that connectivity is not governed simply by population matching and that
axotomy of sympathetic neurons increases their receptivity to heterotypic nerve endings and
synapses.
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36. The interactions of regenerating peripheral nervous tissue with optic nerve grafts. By P. N.
ANDERSON and M. TURMAINE. Department of Anatomy and Biology As Applied to Medicine,
The Middlesex Hospital Medical School, London
The circumstances under which peripheral nerve fibres will regenerate through CNS tissue were
investigated by grafting optic nerves from inbred CBA mice adjacent to the proximal stump of
a severed common peroneal nerve. In the first 4 weeks after operation regenerating axons were
only found in the proximal millimetre of a small minority of normal living adult optic nerve grafts.
In contrast, when optic nerves which had been freeze-dried and consequently contained no living
cells were used, regenerating axons were always found within the grafts even one week after
operation and large numbers of axons occupied the grafts after 3 weeks. The regenerating axons
in freeze-dried grafts were always accompanied by non-neuronal cells.
The proximal 0 5 mm of other living optic nerves was frayed prior to grafting in order to disrupt
the astrocytic glia limitans. After 4 weeks regenerating axons were usually found in the proximal
millimetre of these grafts.
Non-myelinated optic nerves from neonatal mice were also grafted adjacent to injured peripheral
nerves. Although regenerating axons were more frequently found in these grafts than in normal
adult optic nerve grafts, they were never present in large numbers and many grafts contained none.
Horseradish peroxidase (HRP, 3 mg/lOg body weight) was injected intravenously and allowed to
circulate for 60 minutes in some grafted mice. The tracer did not leak from the blood vessels in
the intact optic nerves of the host animals, but HRP formed a rim around some blood vessels in
all types of living graft. However, although the blood-brain barrier was compromised, leakage
of HRP within the grafts was very minor compared with that in the injured peripheral nerves and
in the region of regenerating axons outside the grafts.
The possible reasons for the limited extent of PNS regeneration through living CNS tissue was
discussed.

This project was supported by The Wellcome Trust.
37. Prenatal and postnatal development of retinal ganglion cell morphology in the cat. By
G. CAMPBELL, A. S. RAMOA and C. J. SHATZ. Department ofNeurobiology, Stanford University
School of Medicine, Stanford, California USA
In the adult cat, at least three distinct morphological types of retinal ganglion cell (RGC) can
be characterised; alpha, beta and gamma cells (Boycott & Wassle, J. Physiol. 240, 1974). It is not
known how early in development these classes can be recognised. We have studied the morphology
of RGCs in cats aged between embryonic day 35 (E35) (birth = E65) and adulthood. Retinae from
anaesthetised animals were placed in a microscope-mounted perfusion chamber. Cells were
impaled with glass microelectrodes and injected with Lucifer Yellow (LY) immediately following
the recording of a membrane resting potential. Cells were identified as RGCs if they gave rise to
an axon within the optic fibre layer and/or were retrogradely labelled with rhodamine-containing
microspheres. In some animals these were injected into the lateral geniculate nucleus and/or
superior colliculus 48 hours prior to the in vitro experiment. In postnatal animals (P3-P3 1) and
in fetal animals aged between E50 and E62 LY injections into neighbouring RGCs often revealed
3 distinct types of cell: (1) cells with large somata and extensive dendrites, (2) cells with
medium-sized somata and short, highly branched dendrites, and (3) cells with small somata and
very long, sparsely branched dendrites. These 3 types closely resembled alpha, beta and gamma
cells of the adult cat retina, respectively. At early fetal ages (E35-E45) many cells could also be
distinguished by differences in soma size and shape, dendritic field size and dendritic branching
pattern although direct comparisons with adult ganglion cell types was not possible. These results
suggest that ganglion cells can be distinguished from each other based on their dendritic and
somatic morphology very early in development, before any differences in their centrally projecting
axons become apparent, and well before they acquire their characteristic visual response properties.
38. The combined effects of unilateral enucleation and lighting conditions on the synapse-to-neuron
ratios in the rat superior colliculi. By K. S. BEDI and D. MACKAY, Department of Anatomy,
University of Aberdeen
Unilateral enucleation of rats soon after birth or rearing animals in dark conditions during early
postnatal life have both been shown to affect the morphology of the visual system. One of the
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questions which arises from these studies is whether combined dark rearing and neonatal
enucleation interact with each other in their effect on the visual centres. This study was designed
to examine this question.
Rats whose right eye was removed on day one after birth and non-enucleated rats were raised
in either light or 'dark' conditions from birth until 39 days of age when they were killed. Stereological procedures were used to estimate the synapse-to-neuron ratios in the superficial layers of
both the right and left superior colliculi of each rat.
Light reared non-enucleated rats had about 1850 synapses-per-neuron in both colliculi. Rearing
non-enucleated rats in the dark reduced this value to about 1200. The colliculi of enucleated rats
reared in the light showed a differential response. Thus the synapse-to-neuron ratio in the
contralateral (to the enucleated eye) colliculi showed a decrease to 1355+ 124 (mean+ s.E.) whilst
in the ipsilateral colliculi it increased to 2161+ 137 compared with light reared non-enucleated rats.
Dark reared enucleated rats showed a decrease in the ratio in both colliculi, although the extent
of this decrease was more marked in the contralateral (1188+ 85) than in the ipsilateral (1428+ 83)
colliculi. The decrease in the contralateral colliculi was not significantly greater than that observed
in the corresponding colliculi from dark reared non-enucleated rats.
These results provide useful information on the combined and separate effects of unilateral
enucleation at around birth and dark rearing during early life on the interneuronal connectivity
of both the ipsi- and contralateral superior colliculi of rats. They also show the vast importance
of visual stimulation for the normal development of the subcortical visual centres.

39. Short- and long-term effects of reverse suture on sizes of neurons in the lateral geniculate nucleus
of infant monkeys. By J. J. SLOPER, M. P. HEADON and T. P. S. POWELL. Department of Human

Anatomy, University of Oxford
Six infant monkeys have been monocularly deprived from birth and then reverse sutured at three
weeks of age. After further survival periods of between 1 week and 8 months the sizes of neurons
in the lateral geniculate nucleus have been measured and compared to sizes of neurons in normal
animals and following monocular closure. During the three weeks of the initial monocular closure
cells in the undeprived parvocellular laminae undergo hypertrophy of c. 25% while the deprived
cells show little change. By one week after the reverse suture the initially deprived cells have also
undergone hypertrophy of about 15%, although the initially undeprived cells are still larger. At
two and five weeks after the reversal the hypertrophy of the initially undeprived cells is reduced,
but that of the initially deprived cells is unchanged. Cells in all parvocellular LGN layers are now
about 15% larger than normal although the LGN appears qualitatively normal. Following this,
cells in all the parvocellular laminae shrink but those in the now deprived laminae shrink more
rapidly than those related to the open eye. By nine months of age the parvocellular cells related
to the closed eye are 20-30% smaller than normal and those related to the open eye are also below
normal size. These findings indicate that the response to reverse suture is more complex than
previously thought and that the short- and long-term changes produced are markedly different.

40. Transient dendritic invagination of optic tract axons during early development of hamster visual
system: implications for the formation of the retino-geniculate pathway. By P. G. BHIDE,
A. R. LIEBERMAN and G. CAMPBELL*. Department of Anatomy, University College, London and

of Neurobiology, Stanford University School of Medicine, California USA
During postnatal development of the visual pathways in the hamster (and other rodents), retinal
axons grow directly, without major branching, to the superior colliculus. Subsequently (in the
the dorsal lateral
perinatal period in hamsters) these axons give rise to branches which invade
by electron
studied,
have
nucleus
and
other
nuclei.
We
retino-recipient
geniculate
(dLGN)
microscopy, the development of the retino-geniculate pathway in hamsters between embryonic day
14 (E14) (birth = E16) and postnatal day 8 (P8). In postnatal animals retinal axons and terminals
were labelled by unilateral eye injections of horseradish peroxidase (HRP) 10-15 hours before
perfusion fixation and histochemical processing for HRP visualization by the Hanker-Yates
method.
Between E14 and P4 the deepest situated axons of the pre-myelinated optic tract overlying the
* Department

developing dLGN are contacted by and generally deeply invaginated by small, finger-like cell
dendrites situated in the superficial
processes. These were identified as the tips or branches ofwas
neuropil of dLGN. The highest incidence of invagination seen at P0 (within first 24 hours
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following birth) and they were rarely seen after P4. At all such invaginations, between P0 and P4,
clusters of round synpatic vesicles were present in the tract axon, associated with one or more
well-differentiated asymmetric synaptic contacts between the tract axon and the invaginating
process. Synaptic-like vesicles were not present in other parts of the tract axons. Serial sections
revealed the origin of a branch from the tract axon, extending into the dLGN neuropil, at or
immediately adjacent to several such contacts.
These observations show that close physical interactions between optic tract axons and
geniculate neurons (perhaps a specific sub-class of such neurons) occur at the earliest stages of
formation of the retino-geniculate pathway: they also suggest that such contacts may be
responsible for inducing the emission of branches from retino-collicular axons and for the
establishment of the retino-geniculate input.
We thank The Wellcome Trust for financial support.
41. Functional changes in the dendritic morphology of rat supraoptic neurons during chronic
stimulation. By R. E. J. DYBALL and LORE L. GARTEN. Department of Anatomy, University of

Cambridge
Significant changes occur in the electrical activity of magnocellular hypothalamic neurosecretory
neurons during chronic stimulation (Poulain & Wakerley, Neuroscience 7, 1982). The present study
was undertaken to determine whether there were any associated morphological changes. The
dimensions of neurons within the boundaries of the supraoptic nucleus were measured using light
microscopy in Golgi-Cox stained sections. Both the area of the cell bodies and the area spanned
by the dendrites were investigated in four situations where the activity of the neurons is
substantially altered; specifically in Brattleboro rats which have hypothalamic diabetes insipidus,
in animals dehydrated by administration of salt solutions instead of drinking water for up to 10
days, in animals given saline solution and deoxycortone to induce vasopressin-dependent hypertension and during lactation.
In each of these groups cell bodies were hypertrophied compared with controls, implying that
the stimuli were effective in each case. Dendritic span was significantly increased (P < 0-01) in
Brattleboro rats but decreased (P < 0-01) by dehydration when compared with appropriate
controls. Deoxycortone treatment reversed the reduction induced by dehydration but although
lactation reduced dendritic span the change was not significant. Similar changes in dendritic span
did not occur in other parts of the CNS (hippocampus).
We conclude that the cells of the magnocellular system alter their morphology when stimulated,
that the changes occur rapidly and that they are more complex than a simple hypertrophy
associated with enhanced activity. Thus specific neuroendocrine cells in the mature mammalian
brain may show rapid and profound modification of their connectivity when appropriately
stimulated.
We thank the International Spinal Research Trust for financial support.

42. Afferents of collicular origin in the dorsal lateral geniculate nucleus of the rat: an electron
microscope-horseradish peroxidase study. By ALISON M. TAYLOR and A. R. LIEBERMAN.
Institute of Anatomy, University of Aarhus, Aarhus, Denmark and Department of Anatomy,
University College London (Fig. 4)
The superficial layers of the superior colliculus project to a variety of subcortical visual centres
including the dorsal and ventral lateral geniculate nuclei (vLGN, dLGN) and the olivary pretectal
nucleus (OPN). In previous studies we have shown by anterograde tracing with horseradish
peroxidase (HRP), that collicular efferents to OPN and vLGN in the rat terminate as a uniform
population of medium-small boutons which establish Gray type 1 synaptic contact with dendrites
of presumptive projection cells in regions of simple neuropil. We report here parallel observations
on the dLGN in which the findings were less straightforward.
Stereotaxic injections of HRP were made into the superficial layers of the superior colliculus
of adult Wistar rats. Anterogradely transported HRP was visualised using the Hanker-Yates
method, and the lateral part of the dLGN examined by electron microscopy. Most of the labelled
terminals resembled those found in OPN and vLGN. They were approximately 1 pm in diameter,
contained spherical synaptic vesicles and small dark mitochondria, and made Gray type 1 synaptic
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contact with dendrites of presumptive projection cells in regions of simple (non-glomerular)
neuropil (Fig. 4A). In addition, larger labelled terminals, with paler mitochondria, and containing
spherical synaptic vesicles, were also found in areas of glomerular neuropil (Fig. 4B). Some labelled
profiles within glomeruli established synaptic contact not only with presumptive projection cell
dendrites, but also with pleomorphic vesicle-containing P-boutons (Fig. 4C), known to be derived
from the presynaptic dendrites of interneurons.
Although these observations suggest that there may be two populations of collicular axon
terminals in rat dLGN, in line with previous findings on squirrel (Robson & Hall, J. Comp. Neurol.
173, 1977) and cat (Torrealba et al. Neurosci. 6, 1981), the possibility that the second population
represents retino-geniculate branches of retrogradely-labelled retino-collicular axons was
discussed.
We thank the British MRC and Danish SLF for financial support.
43. Synaptic relationships of a physiologically characterised thalamic local circuit neuron (LCN): an
electron microscope study. By P. T. OHARA. Department of Anatomy, University of California,
San Francisco, USA (Fig. 5)
In this study electrophysiological characterisation combined with intracellular marking using
HRP has been used to analyse the synaptic relationships of an LCN in the ventrobasal complex
of the cat.
Electrophysiological recordings using HRP filled glass micropipettes were carried out on
artificially respired adult cats under barbiturate anaesthesia. A neuron responding to rapidly
adapting hair follicle input with a small receptive field on the contralateral back was characterised
extracellularly then penetrated with the micropipette, the response characteristics confirmed
intracellularly, and positive current pulses passed to eject the HRP. The animal was perfused with
a 2% glutaraldehyde/2% paraformaldyhyde fixative, the brain removed and 40 gm slices of the
thalamus reacted with DAB. Slices containing the labelled cell were processed for conventional
EM.
The labelled neuron had a spherical (12 pm diameter) cell body with 6 main dendrites which
branched infrequently. Many fine processes with complex swellings arose from the primary and
secondary dendrites. No process resembling an axon was identified. Sections of the dendritic tree
were serially thin sectioned for EM and reconstructions made from micrographs. HRP labelled
primary (Fig. 5A, DEN) and secondary dendrites, containing aggregations of synaptic vesicles,
received many synaptic contacts from large (RL) and small (RS) terminals which contained
spherical synaptic vesicles and from terminals which contained pleomorphic vesicles. Dendritic
shafts gave rise to attenuated processes as narrow as 0- 13 pm in diameter (Fig. S B, arrow) ending
in complex shaped, vesicle filled enlargements (Figs. 5C, D) which were postsynaptic to RL and
pleomorphic vesicle-filled terminals (P) and presynaptic to conventional dendrites (Fig. 5D,
arrow). Detailed reconstructions of dendritic tree segments were presented.

Supported by NS 23347 and 21445 from the USPHS.
SYMPOSIUM: AXONAL GROWTH AND THE FORMATION
OF NEURAL PATHWAYS
44. Growth cone guidance in the chick limb in vivo and in cultured slices. By LYNN T. LANDMESSER
(introduced by R. W. GUILLERY). Department of Physiology and Neurobiology, University of
Connecticut, Storrs, CT, USA
The chick hindlimb was used to study both motoneuron pool-specific guidance cues and more
general guidance cues used by all axons in establishing precise peripheral projections. Motor axons
make pool-specific alterations in trajectory in two regions, the plexus and muscle nerve initiation
sites. An analysis of HRP-labelled growth cones revealed that in these regions they were larger,
more lamellopodial in shape, and exhibited more abrupt alterations in trajectory than growth cones
in other regions. To study better the purported guidance cues which axons appear to be responding
to in these 'decision' regions a simplified in vitro preparation has been developed. Vibratomesectioned transverse limb bud slices are cultured. Specific sub-classes of motoneurons are back
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labelled by injecting spinal or muscle nerves with lipid-soluble fluorescent dyes. The labelled
motoneurons are then dissociated and seeded onto the limb slices, where the trajectories taken
by the fluorescent axons can be precisely determined.
Less specific guidance cues responsible for restricting axons to the highway system ofmajor nerve
trunks were also investigated. A motoneuron-specific cell surface antigen allowed the earliest motor
axons to be followed in detail via immunostaining, while other tissue components were localised
by specific antibodies. Both NCAM and NgCAM were abundant on growing axons. Although
NCAM was present on the mesenchyme cells which they encountered it was widely distributed
and did not define nerve pathways. Laminin was present in low amounts but also did not delineate
nerve pathways. However, neural crest-derived cells, recognised by a specific monoclonal antibody,
were widely distributed around and slightly preceded the growing nerve front. These crest cells
(presumptive glia) exhibited weak staining for laminin and NCAM, but strong staining for
NgCAM. Thus it is proposed that major nerve trunks may be defined by crest cells which axons
then follow due to adhesive interactions mediated by NgCAM.
45. Guidance mechanisms during axonal regeneration in the peripheral nervous system. By
P. K. THOMAS. Department ofNeurological Science, Royal Free Hospital School ofMedicine and
Institute of Neurology, London
After nerve transection, the outgrowth of regenerating axons is not random. Axons may
negotiate considerable distances to achieve contact with the distal stump, although some also grow
centrally within the proximal stump, sometimes over long distances (Scadding & Thomas,
J. Anat. 136, 1983). Attraction of regenerating axons by the distal stump has been confirmed by
the finding of preferential regeneration into the arm containing the distal stump of a Y-shaped
tube (Politis et al. Brain Res. 253, 1982), but the nature of the attracting mechanism remains
uncertain.
Regeneration after transection of a peripheral nerve trunk is less satisfactory than after a crush
because of misrouting of axons. For a nerve crush, guidance is provided by persisting Schwann
cell basal laminal tubes in the compressed region (Haftek & Thomas, J. Anat. 103, 1968), although
axons do stray into adjacent tubes (Brown & Hardman, Brain, 1987). In the distal stump, the
persisting basal laminal tubes become filled with proliferating Schwann cells, constituting the
bands of Bungner. Comparison of regeneration through cellular and acellular autografts has
shown that it is more efficient along Bungner bands than into acellular Schwann cell basal laminal
tubes (Hall, Neuropathol. Appl. Neurobiol. 12, 1986). There is evidence of some degree of Schwann
cell specificity as demonstrated by the efficiency of regeneration into Schwann cell tubes of
appropriate and inappropriate distal stumps (Politis, Brain Res. 328, 1985). Accuracy of routing
of regenerating unmyelinated axons is less than for myelinated axons, probably because of
differences in the organization of denervated Schwann cell columns (King & Thomas, Acta

neuropath. (Berl.) 18, 1971).

Axons with accompanying Schwann cells will readily regenerate through long lengths of
perineurial tubes from which the intrafascicular contents have been extracted (Thomas & Bhagat,
Acta neuropath. (Berl.) 43, 1978). It is therefore possible that the perineurium has a guidance
function in preventing regenerating axons straying into surrounding tissues.
46. A comparison of motor axon regrowth and collateral sprouting. By M. C. BROWN (introduced
by R. W. GUILLERY). University Laboratory of Physiology, Oxford
Experiments relating to the initiation and guidance of growth of cut axons and the cojlateral
sprouts of intact axons were described.
Indirect evidence suggests that for both regrowth and collateral sprouting the decision to start
growth is made locally and independently of the cell body. But collateral sprouting, unlike
regrowth, requires a signal from denervated muscle in addition to any from cells or material in
degenerating nerve stumps. The muscle fibre surface also provides a substratum for terminal sprout
growth and our preliminary experiments suggests a possible role for NCAM in this.
The accuracy of reinnervation following a crush of a peripheral nerve is high. This is usually
thought to be so because the sprouts are physically constrained to grow back down their own
endoneurial sheath. But we have found that crushing or freezing of spinal nerves (i.e., proximally
to the site of plexus formation) is followed by a high proportion of inaccurate projections. This
suggests that axons can cross longitudinally intact endoneurial sheaths. The accuracy normally
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found after distal crush lesions could therefore arise either because of active guidance or, more
likely, because in distal nerves such as the sciatic neighbouring axons, between which any random
swapping might occur, are all destined for the same target.
After nerve section entry into the distal stump appears to be at random. However we have found
in neonatal rats that regeneration following a proximal intramuscular section of the internal
intercostal nerve restores the normal projection pattern from the motor pool (distally projecting
axons come from motoneurons dorsally placed in the pool and proximally projecting axons come
from ventral parts of the pool (Hardman & Brown, Neurosci. Lett, 60, 1985)). The same operation
in adult rats is followed by a random projection pattern. Active guidance mechanisms therefore
do exist after birth for a short time.
47. The establishment of segmentation in the vertebrate peripheral nervous system. CLAUDIO
D. STERN (introduced by R. W. GUILLERY). Department of Human Anatomy, University of

Oxford
In higher vertebrate embryos, segmentation of the peripheral nervous system is set up early
during its development. First the neural crest emerges from the neural tube region, and later motor
axons grow out from the neural tube. The earliest visibly segmented structures to arise in the
embryo are the somites. Their segmented derivatives, the sclerotomes, through which the crest and
motor axons pass, flank the neural tube. Segmentation of the peripheral nervous system arises
because both the crest and the motor axons are only able to traverse the rostral half of each
sclerotome, rather than because of any intrinsic segmentation of the neural tube (Keynes & Stern,
Nature 310, 1984). There must be, therefore, some difference between the two halves of each
sclerotome, to which both motor axon growth cones and crest cells are responsive. One such
difference is the presence of a lectin receptor in the caudal half-sclerotome (Stern et al. J. Embryol.
exp. Morph. 91, 1986). The receptor itself, or another cell-surface molecule associated with it, could
be responsible for preventing axonal growth and neural crest cell migration through the caudal
sclerotome.
The process of segmentation may also influence axon guidance in later stages of development,
and speculation on the possible mechanisms involved was presented.
48. Axonal pathfinding in the retinotectal projection of goldfish. By S. S. EASTER, JR. and
R. BERNHARDT (introduced by R. W. GUILLERY). Biology Department, University of Michigan,
Ann Arbor, Michigan, USA
We have labelled with HRP small groups of optic axons in the visual pathway of goldfish, and
analysed serial transverse sections to learn the map of the retinal surface onto the cross section
of the pathway. The polar coordinates (r, 0) of the retinal surface map mutually orthogonally onto
the cross section at all levels from retina to tectum, confirming Scholes's earlier work on cichlid
fish. Axons of similar r-value (from a retinal annulus) disperse very little, but axons of common
0-value (from a retinal sector) disperse substantially in the nerve, then condense and reorder in
the tract, and maintain the new order to their entry into the tectum. We suggest that the spatial
order of the axons in the nerve is a passive consequence of the highly ordered spatiotemporal
growth of the retina, but the reordering in the tract is probably an active process dependent on
interactions between the growing axons and their non-axonal environment.
We have used similar methods to examine the regenerated axons following optic nerve crush.
Immediately central to the intraorbital lesion site, the axons are scrambled, but at the level of the
tract where reordering normally occurs, the regenerates reorder with respect to 0 but probably
not with respect to r. Axons from retinal ganglion cells that were added after the completion of
regeneration re-establish the normal order with respect to both r and 0. These results (1) imply
that regenerating axons probably sense the same positional cues that are sensed by new axons and,
(2) argue against the idea that late axons find their termination sites by following other axons of
similar retinal origins.

Supported by EY-00168 from the National Institutes of Health.
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49. Development in the mammalian retinofugal pathways. By R. W. GUILLERY. Department of
Human Anatomy, University of Oxford
The developing pathways from the eye, through the optic chiasm, and into the optic tract have
been studied in mice and ferrets by light and electron microscopy. Several possible axon guidance
mechanisms can be considered.
1. The glia of the eyestalk provide the only environment for the earliest axons. Where the
structure of the glia changes, the order of the outgrowing axons changes correspondingly. In the
extracranial eyestalk, where interfascicular glia wrap individual axon bundles, growth cones
occupy all parts of a cross section, showing no preference for one part or another. In contrast,
the intracranial eyestalk has periventricular glial nuclei, and axons lie among radial glial processes.
Here growth cones occupy a sub-pial position so that axons form an age-related order, the oldest
axons being deepest.
2. This temporal order itself provides a guidance mechanism. Axons entering deep parts of the
optic tract tend to stay deep and distribute to deep cell groups in the lateral geniculate nucleus
and superior colliculus, whereas superficial axons terminate near the pial surface.
3. Different axon groups make different pathway choices. When the axons reach a sub-pial
position in the intracranial eyestalk they follow one of three distinct pathways. The earliest axons
enter the rostral hypothalamus, running away from the future chiasm and tract. Other axons join
the supraoptic commissures to cross the midline and form the contralateral optic tract, while yet
others do not reach the chiasm but pass directly into the ipsilateral tract. Other distinctive pathway
choices are made by the axons as they enter their diencephalic and telencephalic terminal nuclei.
4. Retinofugal axons may follow other axonal pathways. Thus, the supraoptic commissures are
established before any retinofugal fibres reach the brain. Retinal fibres appear to join the earlier
commissures to pass across the midline.

Supported by the MRC.
50. Embryonic hippocampal transplants are able to innervate terminal fields of adult host hippocampi,
but not to grow axons along denervated host fibre pathways. By G. RAISMAN, R. J. Moiuus and
C.-F. ZHOU (introduced by R. W. GUILLERY). Laboratory of Neurobiology and Development,
National Institute for Medical Research, London
Transplants of late embryonic hippocampal primordia have been used to investigate the
conditions required for the formation of specific patterns of projection into adult rat and mouse

brains.
Using the Timm stain and electron microscopy, it was demonstrated that a specific juxtacellular
basal dendritic lamina of the adult host field CAl was able to receive mossy projections from
transplanted dentate granule cells.
In order to study competitive interactions between transplant and host projections formed by
like systems, we took advantage of the availability of monoclonal antibodies detecting Thy1 l/Thy-l *2 differences in congenic mouse strains. This enabled us to show that transplanted mossy
fibres can project to the normal host mossy fibre zone in field CA3. This projection also requires
direct apposition, and further shows that a necessary condition is specific deafferentation by
destruction of the host mossy fibre system.
Transplant-to-host projections occur in the case of hippocampal pyramidal cells. These projections also retain the appropriate field- and lamina-specific distribution, and are also dependent
upon direct contact and deafferentation.
In all cases examined projections occurred only into deafferented terminal fields, and never along
deafferented fibre tracts. This suggests that the axons are incapable of substantial 'pure' elongation (without terminal formation), and that the mode of reinnervation involves some kind of
'stepping-stone-like' invasion of terminal fields containing deafferented postsynaptic sites with
appropriate specificities.
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DEMONSTRATIONS
D. 1. Extracellular matrix components and their role in palatal development. By M. W. J.
FERGUSON and D. FYFE. Department of Cell and Structural Biology, University of
Manchester
In mammalian embryos bilateral palatal shelves initially grow vertically down the sides of the
tongue, but at a precise stage elevate to a horizontal position, contact each other and their medial
edge epithelia fuse to form a seam which subsequently degenerates. We have previously shown
that palatal epithelial differentiation (medial-cell death, oral-keratinisation and nasal-pseudostratified ciliated columnar cells) is specified by an interaction with the underlying mesenchyme. Signalling of this interaction may involve extracellular matrix molecules, particularly
of the basement membrane, and soluble factors. In this investigation, we studied the in vivo
localisation of various extracellular matrix molecules at different developmental stages (days 11-14
IU) of mouse palatal development, and how such localisations correlate with events in palate
morphogenesis and differentiation. Affinity purified polyclonal and monoclonal antibodies against
collagen types I-XI, laminin, fibronectin, heparan sulphate proteoglycan, keratan and chondroitin
sulphates were used immunocytochemically in frontal 6 gm cryostat sections of embryonic mouse
heads. Type I collagen was present throughout the shelf mesenchyme and appeared to be
concentrated in the medial shelf base where it may assist in shelf elevation. Collagen type II was
absent from the palate, type III collagen was widely dispersed particularly in the region of the
putative maxillary bone blastemata. Type III collagen was located perpendicular to the shelf
surface in the basement membrane region. Types IV, V and VI collagen, laminin, heparan sulphate
proteoglycan and bullous pemphigoid antigen were present in the basement membranes of the
palatal shelves at all stages of development up to formation of the epithelial seam. During seam
degeneration the basement membrane disrupts, and some basal epithelial cells migrate out into
the mesenchyme taking with them remnants of type IV collagen, laminin, etc. However, synthesis
of these molecules by such cells rapidly ceases and the epithelial and mesenchymal cell transition
is complete. After seam degeneration, basement membrane components are only present around
epithelial pearls and the interstitial types I and III collagens rapidly form to consolidate the palate.
Collagen type VIII, X and XI are absent from the palate; fibronectin is widely distributed at all
stases. Type VI collagen is located in palatal basement membranes particularly at the bases of
horizontal shelves on their nasal aspects. Type IX collagen is developmentally regulated. It appears
in the palatal epithelial cells around the time of signalling of epithelial-mesenchymal interactions.
It4 synthesis is stimulated in vitro by EGF and TGFa so that type IX collagen may -be an
importmnt 'sipgalling molecule' in palate development.
This work is supported by grants from the MRC, Birthright and Action Research for the

Crippled Child.
D,

The effects pf sodium valproate on the early chick embryo. By MARJORIE A. ENGLAND.
Deportment of Anatomy, University of Leicester
Sodium vlproate is used clinically in the treatment of epilepsy often in conjunction with other
drugs, It is, therefore, disturbing that a number of human abnormalities have been reported in
conjunction with its usage. These abnormalities include cardiovascular and neural tube defects.
It was, therefore, important to assess the effects of sodium valproate independently of other
medications and to identify its effects on the early embryo. Stages 4-16 chick embryos were
incubated for 30 minutes with a single pulse-dose of sodium valproate, then rinsed with saline and
allowed to re-incubate overnight at 37 5 'C. They were then prepared for scanning electron
microscopy and for thick Araldite sections stained with toluidine blue.
All ages of embryos have been effected in varying degrees from minimal defects to gross
disturbances. These anomalies include somite malformations, brain, heart and vascular defects.
The somite malformations include a loss of distinct separation between somites which often appear
fused to one another. Whilst their medial borders remained distinct their lateral borders are
indistinct and merge with the laterally-placed enlarged dorsal aortae. The extracellular materials
which are normally fine, three-dimensional networks have been altered to a dense meshwork. These
changes from the normal appearances at these stages would suggest there is an alteration in protein synthesis and consequent abnormalities of the somites, vascular system, and extracellular
materials.
.
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The first appearance of the fibrous band in the early chick embryo. By C. WALDRUM and
MARJORIE A. ENGLAND. Department of Anatomy, University of Leicester
A fibrous band composed of extracellular materials has previously been described at the anterior
area opaca/area pellucida border in the chick embryo. The present study was undertaken to
determine the stage of its appearance in the embryo and to examine it for sequential changes in
morphology. White Leghorn fertile eggs were incubated at 38 'C to stages 2-4 (Hamburger &
Hamilton, J. Morph. 8 1951) and prepared for scanning electron microscopy. In stage 2 there is
a small number of disorganised fibres present while, in stage 3, there is a rapid deposition of fibrous
material on the ectodermal basement membrane. These initial depositions are composed of groups
of three or four parallel fibres. The groups are arranged in stellate formations, often with the rays
of the 'star' running approximately parallel to each other. Later in stage 3 these stellate
arrangements are rearranged into approximately parallel fibres which form the fibrous band
previously described as present in the stage 4 chick embryo.
The hypoblast layer appears to be a critical factor in this fibre formation but its exact role remains
unknown.

D. 3.

The effect of folate deficiency on growth of post-implantation rat embryos cultured in vitro.
By P. MILLER, M. K. PRATrEN and F. BECK. Department of Anatomy, University of
Leicester
The in vitro culture of post-implantation rat embryos from 9 5 to 11 5 days gestation in
homologous heat-inactivated serum gives growth and differentiation equivalent to that observed
in utero (New, Biol. Rev. 53, 1978). Recently much interest has focussed on the study of the causes
of neural tube defects in both human and animal models, and it has been proposed that folic acid
deficiency may be the cause of such malformations.
Rat embryos 9-5 days old were cultured in serum from diet-induced folic acid-deficient rats.
Resultant embryos, after 48 hours culture, were frequently abnormal. Many were growth-retarded
and exhibited a defect in the turning mechanism which inverts the embryo from ventrally to
dorsally convex. Affected embryos displayed abnormal twisting or kinking of the neural tube.
Anaemia was also frequently observed and the protein content of the embryos was markedly less
than that of embryos grown in normal rat serum.
Supplementation of the deficient serum with folic acid improved growth and greatly reduced
the occurrence of gross deformities. The incidence of anaemia was virtually eliminated but the
protein content of the embryos was only partly restored to the level observed in embryos grown
in normal rat serum.
The status ofvarious enzymes and vitamins in the folate-deficient serum was assessed. In addition
several haematological parameters were evaluated. In comparison with control rat serum the only
parameter that was significantly altered other than the level of folic acid was the white blood cell
count which progressively decreased throughout the dietary period.
Serum from animals fed the same folate-free diet with folic acid included in the preparation grew
normal embryos with neither abnormalities nor growth retardation.
It is felt that the evidence presented here gives strong support to the idea that folate deficiency
may be involved in the aetiology of neural tube defects.
D. 4.

A highly cellular cartilage in teleosts. By M. BENJAMIN and J. S. SANDHU. Department of
Anatomy, University College, Cardiff
There is a highly cellular skeletal tissue with chromophobic cells and little matrix, known to
the early German histologists as Vorknorpel or hyalinzelliges Chondroidgewebe, but largely unheard
of today. We know little of its distribution, significance, ultrastructure or histochemistry, or how
it compares with mammalian tissues.
A study of serial sections of many teleost heads suggests that it is a common and striking form
of cellular cartilage that occurs in a wide variety of structures. Both observations on live animals
and dissections show that it is one of the most pliable of vertebrate supporting tissues. In fish with
mobile lips (e.g. Labeo bicolor, Morulius chrysophekadion, Botia macracantha, Epalzeorhynchus
kalopterus and Helostoma temmincki), it forms enormous 'periosteal cushions' on membrane
bones in the jaws. It can support the basioccipital chewing pad of Labeo bicolor and was found
in the oral suckers of catfish (e.g. Hypostomus sp.), oral (e.g. Carnegiella strigata) and opercular
9-2
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(e.g. Gyrinocheilus aymonieri) valves, menisci (e.g. Colisa chunna), the tongue (e.g. Tanichthys
albonubes) and in gill arches (e.g. Anostomus anostomus). It also occurred in association with the
cleithrum (e.g. Phoxinus phoxinus), olfactory sacs, nasal skin flaps and lacrimal bones (e.g.
Acanthopsis choirorhynchus, Brachydanio rerio and Culaea inconstans) and often merged imperceptibly with other supporting tissues. This is consistent with the suggestion that all skeletal
tissues are modulations of a common stem cell.
In the rostral cap of Labeo bicolor, the cells have deeply indented nuclei and numerous
cytoplasmic filaments, glycogen granules and plasmalemmal vesicles. However, they lack the
extensive rough endoplasmic reticulum, Golgi complexes and secretory vacuoles typical of
mammalian chondrocytes. The cells and matrix are strongly PAS-positive and the matrix stains
with alcian blue and is metachromatic.

The effect of powders of cobalt-chromium-molybdenum alloy on cultured fibroblasts. By
E. J. EVANS and M. BENJAMIN. Department of Anatomy, University College, Cardiff
Cobalt-chromium-molybdenum alloys are widely used in orthopaedic implants and especially
in total hip joint replacements. Considerable quantities of wear particles are released from metal
on metal prostheses and smaller quantities from metal on plastic designs. Because implants usually
become surrounded by a fibrous capsule, we have investigated the effect of powders of cobaltchromium-molybdenum alloy on fibroblasts in vitro.
Fetal foreskin fibroblasts (Flow 1000) were cultured in the presence of metal powders in
concentrations of 05, 0-25, 0-1 and 0 05 mg/ml. The powders were formed by grinding larger
particles in the laboratory in an artificial hip joint of the same metal for 8 hours. In an attempt
to simulate the conditions in vivo, particles were ground in serum or joint fluid. Other particles
were ground in distilled water. Cells were grown in Leighton tubes and the coverslips harvested
at 0, 1, 2, 3, 4 and 6 days and stained with Jenner-Giemsa. Some coverslips were also processed
for scanning electron microscopy. Hydroxyproline and DNA measurements were made on cells
grown in Petri dishes for up to 16 days. Examination of particles under the electron microscope
suggested that those ground in biological fluid were coated with a material that was absent from
particles ground in water.
Cell counts and DNA measurements showed that the number of cells was reduced with the higher
concentrations of metal powders. The reduction was greater with non-coated particles. Collagen
production was less with coated and least with non-coated particles. Non-coated particles adhered
to the cells, or were phagocytosed by them, in greater amounts than coated ones administered at
the same dose. Scanning electron microscopy showed that long microvilli were prominent on cells
in contact with non-coated particles.
We conclude that the conditions of grinding profoundly influence the effect of metal powders
on fibroblasts.
D. 6.

An ultrastructural study on follicular development in mouse ovaries cultured in vitro. By
SARAH MACKAY and R. A. SMITH. Department of Anatomy, University of Glasgow
Organogenesis of the mouse ovary consists of three main phases: colonization of the genital
ridge by primordial germ cells, organization of ovigerous cords and compartmentalization of germ
cells into follicles (Upadhyay et al. Ann. Biol. anim. Biochem. Biophys. 19, 1979). In a previous
study the phase of organization was achieved in vitro (Mackay & Smith, J. Embryol. exp. Morph.
97, 1986). The development of mouse ovarian follicles in culture has also been examined by light
microscopy (Baker & Neal, Ann. Biol. anim. Biochem. Biophys. 13, 1973). We now present ultrastructural observations on the phase of compartmentalization in vitro.
CBA mice maintained on a light reversal regime were mated between 12.00 and 15.00 hours
and females checked for vaginal plugs; the day of finding a plug was designated day 0 of pregnancy.
Pregnant animals were killed by cervical dislocation on day 14 and 15 of pregnancy. Ovaries were
collected only from fetuses assessed as day 14 or 14-5 on developmental criteria and explanted
ovaries wvere preincubated for 20 minutes in buffered 0-125% collagenase. They were then
I gentamycin with
transferred to Williams E medium supplemented with 2 mm glutamine and 0.1%
or without added 10% fetal calf serum. Cultures were incubated in a humidified 5% C02/95%
air atmosphere at 37 'C.
At the end of the culture period explants were fixed and processed for electron microscopy. The
largest ovarian follicles were found centrally where oocyte degeneration was also occasionally seen
D. 7.
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as it is in vivo. Electron microscopy allowed contacts between early follicular cells and oocytes to
be examined. Structural integrity of normal and degenerating follicles was assessed. Our study is
being extended to investigate factors influencing atresia of follicles in vitro.
Effects of ethanol and acetaldehyde on primary cultured adult mouse DRG neurons. By
N. D. STOREY, R. A. SMITH and D. J. ORR. Department of Anatomy, University ofGlasgow
Previous in vitro studies of neurotoxic effects of ethanol and acetaldehyde were undertaken using
neuroblastoma cultures (Koerker et al. Toxicol. Appl. Pharmacol. 37, 1976). Toxicity levels
reported by these workers, assessed by endpoints including decreased viability, required higher
doses however, than expected in vivo, possibly due to the choice of transformed cells and to
treatment protocol. The present study therefore investigated a primary culture system of dorsal
root ganglia (DRG) neurons, as a means of obtaining reproducible in vitro data closer to in vivo
studies.
DRG neurons were maintained as co-cultures with non-neuronal cells (Smith & McInnes,
J. Anat. 145, 1986) and in more homogeneous culture with non-neuronal cell inhibition (Orr &
Smith, J. Anat. 146, 1986) to investigate indirect and direct neuronal toxicity differences. Cells were
cultured in Dulbecco's medium with 10% fetal calf serum, 10 g/l glucose and 0 1% gentamycin
for 8 days before treatment. Cultures were exposed to ethanol (10-2-100 M) and acetaldehyde
(l0-4-10-2 M) in serum-free medium together with serum-free controls for 1-72 hours, and toxicity
monitored by observing, in triplicate, the surviving fraction (estimated from total cell number and
viability assessed by dye exclusion), and morphological damage by phase contrast and electron
microscopy.
For 1 M ethanol a 50% viability decrease resulted after 6 hours, whereas Koerker et al. did not
achieve this level with 2 M concentrations even after 24 hours. 10-2 M doses did not reduce viability
until after 48 hours when corresponding morphological damage was seen with pitted neuron
perikarya. In co-cultures structural changes were more rapid for non-neuronal cells which became
spherical, especially at high doses.
Acetaldehyde proved more potent with 50 % viability decreases after 6 hours exposures to 10-2 M
doses. Toxic insult at lower concentrations followed similar patterns to ethanol with no significant
reduction in survival until after 24 hours, suggesting accumulative effects prior to death. Co-culture
morphological changes were again more evident.
The results show that our primary cultures, requiring doses nearer to those for in vivo responses,
are more sensitive than neuroblastoma studies and should prove useful in further monitoring
alcohol and aldehyde effects.
D. 8.

N. D. Storey was supported by a Scottish Home and Health Department Vacation Award.

Oxygen diffusing capacity of the vilious membrane in human placentae at low and at high
altitude. By T. M. MAYHEW, M. R. JACKSON and J. D. HAAS*. Department of Anatomy,
University of Aberdeen and * Division of Nutritional Sciences, Cornell University, Ithaca,
USA
Previous studies in our laboratories have shown that altitudinal and ethnic differences in birth
weight in Bolivia are accompanied by changes in placental composition but not in placental weight.
Diffusion equations predict that quantitative differences in placental structure can lead to
differences in diffusing capacity. In the present study, a morphometric model is used to estimate
the oxygen diffusing capacity of the villous membrane (Dvm). The membrane is analysed as two
sub-compartments, namely the trophoblast and villous stroma (a composite of connective tissue
and fetal capillary endothelium).
Seventy placentae from normal-term pregnancies by Amerindians and non-Indians resident at
400 and 3600 m were investigated. The physical dimensions (surface areas and harmonic mean
thicknesses) of villous membrane compartments were estimated on systematic random samples
from paraffin sections using stereological methods. The diffusing capacities of trophoblast (Dtro)
and stroma (Dstr) were estimated separately before computing a value for the villous membrane
as a whole. Tests for the significance of altitudinal and ethnic differences were undertaken using
analyses of variance.
Babies born at high altitude were significantly lighter than their lowland counterparts and
Amerindian newborn were heavier than non-Indians. Birth weight differences were not accompD. 9.
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anied by differences in Dvm: apparent increases in Dvm at high altitude were not statistically
significant. However, Dstr was significantly greater in high- vs. low-altitude organs (means 9 4 vs.
6-6 ml 02/min/torr). Moreover, the specific Dvm, normalised for birth weight, was significantly
greater at high altitude (0 9 vs. 0-7 ml 02/min/torr/kg).
These results serve to emphasise the biological significance of previously reported changes in
the spatial distribution of fetal capillaries within villi (Jackson et al. J. Anat. in press, 1987). At
high altitude, placental form alters to maintain Dvm at values found in lowland organs. There is
no impoverishment of placental diffusion function to explain the fetal growth retardation noted
at high altitude.
Research supported by an Anatomical Society Studentship, The Leverhulme Trust and
The National Science Foundation, BNS76-12312.
D. 10. SEM studies of the surface morphology of intraventricular macrophages after a penetrant
lesion of the adult rat cerebral cortex. By W. L. MAXWELL and J. MCGADEY. Department
of Anatomy, University of Glasgow
There is some controversy concerning the surface morphology of intraventricular macrophages, supraependymal and epiplexus cells, and whether changes in cell shape reflect maturation
(Sturrock, J. Anat. 129, 1979), assumption of resting or active phases of the cell cycle or are a
response to systemically administered chemicals (Ling et al. J. Anat. 140, 1985).
We have used a mechanical lesion passing through the right cerebral cortex to penetrate the
corpus striatum, but placed so as not to penetrate the lateral ventricle, to eliminate any possible
effects of systemically administered chemicals. The SEM has been used to study the surface
morphology of intraventricular macrophages at 4, 6, 24 and 30 hours, 4, 8 and 16 days survival.
In the control, 4 and 6 hour survival animals the intraventricular macrophages have the same
appearance in either lateral ventricle. The supraependymal cells are ovoid and covered by
numerous blebs. The epiplexus cells are smooth, spindle shaped and possess numerous long
filopodia extending into the microvillous pallisade of the choroid plexus. After 24 and 30 hours
numbers of erythrocytes occur in the ventricular lumen, being more numerous on the injured side.
Supraependymal cells differ little from control animals. But the epiplexus cells are rounded up and
covered by numerous ruffles and small blebs. These cells tend to occur in groups which are larger
on the injured side in relation to numerous erythrocytes. At 4 days supraependymal cells are
still widely dispersed, the epiplexus cells grouped near erythrocytes. By 8 days some epiplexus cells
appear spindle shaped, others demonstrate surface blebs. By 16 days the majority of epiplexus cells
are flattened, smooth with numerous filopodia.
We suggest this provides evidence for a phagocytic response by epiplexus cells but little response
by supraependymal cells after injury. The change in surface morphology of the epiplexus cells is
a response to trauma rather than a reflection of cell maturation.
D. 11. Mouse vasopressinergic neurons transplanted to the third ventricle of Brattleboro rats.
By D. SLOAN, J. MoRRis, D. J. HARDIMAN, and H. M. CHARLTON. Department of Human
Anatomy, University of Oxford
Successful interspecies neural transplantation (neural xenografting) in rodents, treated with low
doses of immunosuppressants has been reported. Homozygous Brattleboro rats are deficient in the
ability to produce antidiuretic hormone (ADH) and suffer extreme diabetes insipidus, thus
providing a possible physiological assay for functional survival of grafts containing ADHproducing neurons. Furthermore, immunocytochemical assessment of graft ADH is possible
because of the almost complete lack of ADH immunoreactivity in the mutants. Supraoptic/
paraventricular (SON/PVN) tissue containing ADH-producing neurons or control cerebral
cortex tissue from day 1 mice was grafted into the third ventricle of adult Brattleboro rats. The
immunosuppressive drug Cyclosporin-A (CyA, Sandoz) was given at either 10 mg/kg or 25 mg/kg
to groups of 7 grafted rats. A further group received no immunosuppression. Animals grafted with
SON/PVN tissue and receiving either the low dose of CyA or no immunosuppression showed a
transient reduction in urine output. This short term effect was not observed in the SON/PVNgrafted animals receiving the high dose of CyA during the 17 days that the drug was administered.
However, during the latter period of Cya treatment, urine output decreased and fell even further
at the termination of injections. A possible interpretation of these results may be that in the
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untreated rats and in those receiving low dose CyA, rapid rejection of the mouse tissue had
occurred with release of ADH into the third ventricle. With the high dose CyA treatment this early
rejection may have been prevented or merely delayed.
D. 12. The vascularization of intracerebroventricular grafts visualised by monoclonal antibodies. By
B. J. BAKER, M. PUKLAVEC* and H. M. CHARLTON. Department of Human Anatomy and
* MRC Cellular Immunology Unit, Sir William Dunn School of Pathology, University of
Oxford
Vascularization of grafts in the central nervous system (CNS) has been investigated using various
methods, for example perfusion with India ink, latex casts or [3H]thymidine labelling. A number
of monoclonal antibodies (Mabs) from the MRC Cellular Immunology Unit have proved useful
markers for blood vessels. Mab MRC OX-45 was raised against activated T lymphocytes and was
found to react with all leucocytes including macrophages, erythrocytes and vascular endothelium
in all tissues so far examined. Mab MRC OX-26 binds to rat transferrin receptors which to date
have been found only on blood vessels in the CNS. It also labels scattered cells in the brain and
in the thymus, especially in the medulla; these are probably macrophages. Nevertheless MRC
OX-45 and MRC OX-26 could be used to visualise the vascularization of allogeneic and syngeneic
grafts in various rat strains.
In syngeneic grafts of rat neonatal cortex to adult 3rd ventricle, the capacity of these antibodies
to identify graft blood vessels was examined at 3, 5, 10, 15 and 30 days post-operation. At 3
days, both Mabs stained some cells in the graft but it was impossible to determine whether these
were macrophages or endothelial cells. After initial infiltration of macrophages had subsided
however, a good integration of the graft vasculature with the host was observed by 10 days and
this appeared to be complete by 30 days post-transplantation.

D. 13. Dwarfism in the rat, a new mutation. By H. M. CHARLTON, R. G. CLARKt, B. S. Cox*,
A. E. PORTER GoFF and I. C. A. F. ROBINSONt, Departments of Human Anatomy and
* Plant Sciences, Oxford and t The National Institute for Medical Research, Mill Hill,
London
This mutation arose in a colony of Lewis rats in the MRC Cellular Immunology Unit in Oxford
and is inherited as an autosomal recessive. At one month of age the male mutants weigh 30%
less than their normal littermates and by ten weeks the difference approaches 45%. Female mutants
can also be identified on the basis of body weight by four weeks of age. Mutants of both sexes
are fertile. There is no significant difference in pituitary luteinising hormone, thyrotrophic hormone
or prolactin concentration between normal males or normal females and their mutant littermates.
However pituitary growth hormone (GH) concentration in the dwarves is never more than 10%
of normal. In normal young male rats GH is secreted in discrete pulses, these are absent in litter
mate mutants. Both male and female normal rats respond to injections of growth hormone
releasing factor (GRF) with an immediate release of pituitary GH. This response is extremely
truncated in the dwarves. The exact aetiology of the mutation is unknown but, as dwarf rats
increase in body weight in resonse to GH injections, it would appear that peripheral responses
to the hormone may be intact. Southern blot analysis of mutant DNA has revealed no apparent
alterations in the GH gene compared to normal. Dot-blot analysis of pituitary GH messenger
RNA content, on the other hand, indicates a severe depletion in the mutant. The GRF status of
the dwarf rats, and the possibility that there may be a malfunction in the GRF receptor are
presently under investigation.
D. 14. Luteinizing hormone subunit messenger RNA levels in normal and mutant mice. By
A. E. PORTER GoFF, B. S. Cox*, S. BRADBURY, A. STANMORE, W. W. CHINt and H. M.
CHARLTON. Departments of Human Anatomy and * Plant Sciences, University of Oxford
and t Joslin Diabetes Center, Harvard Medical School, Boston, Mass. USA
The pituitary hormone LH is composed of two subunits, encoded on different genes. The a
subunit is common to the other glycoprotein hormones (FSH, TSH and CG), whilst the LH,B
subunit is unique and confers specificity.
Synthesis and secretion of LH is under the control of hypothalamic GnRH. Castrate mice have
raised serum LH but a decreased pituitary content, indicating increased secretion and turnover
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of LH in the absence of normal steroid feedback. Testosterone treatment results in reduced LH
synthesis and secretion. The testicular feminized (tfm) animal lacks this normal feedback due to
a faulty androgen receptor. The mutant hypogonadal (hpg) mouse is GnRH-deficient and has
reduced pituitary LH. These physiological perturbations might be expected to be mimicked by
alterations in the amount of messenger RNA in the pituitary gland.
Using a rapid cDNA-RNA dot-blot assay it is possible to measure levels of cytoplasmic mRNA
in single mouse pituitaries. Briefly, tissue is homogenized in a lysis buffer, the particulate fraction
spun down and the supernatent denatured with formaldehyde. Following further centrifugation,
aliquots of cytosol fractions are added with suction to a hybridization membrane on a dot-blot
manifold. Membranes are baked to immobilize the samples prior to hybridization with specific
radioactive cDNA probes. Following autoradiography the extent of hybridization is assessed by
densitometric image analysis of the dots on the exposed film.
Relative to the normal mouse, castration induced a doubling in LHfl cDNA hybridization.
Testosterone treatment was followed by a 72o% (ac) and 480% (LHfl) reduction. In the hpg mutant,
hybridization was markedly reduced to 310% (a) and 50% (LHfl) of normal values. Whilst in the
tfm mouse, hybridization was increased 2-fold (ac) and 3-fold (LHfl).
D. 15. The distribution of neurophysin II immunoreactivity in the forebrain of normal and
hypogonadal female mice. By C. R. MAYES, A. G. WATTS*, J. K. MCQUEEN*, G. FINK*
and H. M. CHARLTON. Department of Human Anatomy, University of Oxford and * MRC
Brain Metabolism Unit, University Department of Pharmacology, Edinburgh
The distribution of vasopressin immunoreactivity in the adult rat brain is influenced by
circulating androgen levels. A recent report suggested that androgens influence the neurophysin
II (NPII) immunoreactivity in the lateral septum (LS) and lateral habenula nucleus (LH) in male
mice and similar results are now reported in females.
Immunocytochemistry was performed on free-floating 25 pm coronal sections and the bound
anti-NPII (Immunonuclear Inc., USA) visualised with a secondary antiserum conjugated to
fluoroscein isothiocyanate (Tago Inc., USA).
The distribution of NPII immunoreactive terminal fields within the LS and LH are similar in
both intact male and female mice. Following ovariectomy NPII immunoreactivity shows a marked
decrease in these regions whilst in the hypogonadal (hpg) female, a mutant deficient in hypothalamic
gonadotrophin releasing hormone (GnRH) with a consequent failure of postnatal gonadal
development, there is no detectable NPII immunoreactivity. Treatment of ovariectomized hpg
females with progesterone, testosterone or 17-fJ-oestradiol for 4 weeks resulted in a normal
distribution pattern. Hypothalamic preoptic area grafts from normal neonatal mice were
implanted in the third ventricle of hpg female mice in order to stimulate the production of
endogenous ovarian steroids in the hosts. The pattern of immunoreactive NPII in the LS and LH
of these hpg mice resembled that seen in normal females. There were no between group differences
in the NPII immunoreactivity of the supraoptic and paraventricular nuclei and their related tracts
in the hypothalamus.
These results support those reported previously in males and suggest that the distribution of
NPII within the LS and LH may depend on circulating sex steroids or their metabolites.
D. 16. Functional and morphological development of pituitary gonadotrophs in female mice. By
C. E. LEWIS, J. F. MORRIS and G. FINK*. Department of Human Anatomy, University of
Oxford and * M.R.C. Brain Metabolism Unit, Edinburgh
Gonadotrophs appear in the rodent pituitary before birth and mature both functionally and
morphologically during the first two weeks of postnatal life (Childs et al. Endocrinology 109,
1981). Gonadotrophin release from birth to puberty in rats has been assayed (Dohler & Wuttke,
Endocrinology 97, 1975). A marked increase in FSH secretion occurs during the first ten days of
life and is thought to correlate with the establishment of a functional primary plexus of the
hypophysial portal system. We have previously shown that increased pituitary responsiveness to
LHRH can be correlated with quantifiable changes in the spatial distribution and size of granules
in gonadotrophs (Lewis et al. J. Endocrinol. 106, 1985). This study therefore aims to correlate
storage and release of gonadotrophins with quantifiable morphological changes in gonadotrophs
of female mice from day 7-35 of postnatal life.
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The pituitary content of gonadotrophins rose markedly between days 10 and 15, when both the
pituitary FSH content and the numerical density of LHfl-immunoreactive cells rose to values above
those found in adult (60-90 day dioestrous) mice. By contrast, pituitary LH content achieved adult
levels only by day 35. Both the size and granule content of gonadotrophs in mice aged 7-35 days
were in the adult range. A marked increase in cell size occurred on day 10, when pituitary
gonadotrophin levels started to increase. Elevated plasma FSH levels in 7 to 15 days old mice were
temporally correlated with the presence of large numbers of granules in the marginal cytoplasm
of gonadotrophs, and with the presence of granules predominantly smaller (< 250 nm diameter)
than those in gonadotrophs of older mice.
These results indicate that, during prepubertal development, changes in the position and size
of granules in gonadotrophs are correlated with increased production and release of FSH in a
manner analogous to those involved in the release of LH during LHRH 'priming', thereby
suggesting the involvement of a common mechanism.
D. 17. Vasopressin release by the median eminence after lesioning of the hypothalamic paraventricular nucleus (PVN). By F. A. ANTONI*, K. KOVACS, J. DOHANITS and G. B. MAKARA
(introduced by F. D. SHAW). * Department of Human Anatomy, Oxford and Institute of
Experimental Medicine, Budapest, Hungary
The pituitary secretion of corticotrophin (ACTH) is controlled by corticotrophin-releasing
factor and vasopressin produced by neurons of the PVN. In previous work, we have shown that
surgical lesioning of the PVN markedly impairs the ACTH response to ether-laparatomy stress
and bilateral adrenalectomy. Interestingly, the stress-induced hormonal response is restored to
almost normal 6 weeks after hypothalamic surgery. In the present study we investigated whether
a compensatory increase of vasopressin release from the eminence may be responsible for this
phenomenon.
Male Wistar rats were killed 1, 2 or 6 weeks after lesioning of the PVN. Some animals were
also subjected to bilateral adrenalectomy. The median eminences were dissected and incubated
in a Krebs-Ringer solution, the depolarising stimulus was KCl (48 mM) applied for 15 min.
Vasopressin in the incubation medium was measured by radioimmunoassay.
One week after adrenalectomy the depolarisation-induced release of vasopressin was enhanced
ca. 4-fold. Lesioning of the PVN prevented the increase of vasopressin release caused by
adrenalectomy. One or six weeks after PVN lesions the KCl-induced release of vasopressin was
not different from that in sham PVN-lesioned rats, and the stimulus evoked release was the same
after both times of post-operative survival.
We conclude that there is no alteration in the delivery of releasable vasopressin to the median
eminence 6 weeks after lesioning of the PVN, and hence, an increased secretion of vasopressin
is unlikely to be the cause of the restoration of stress-induced corticotrophin secretion in long-term
PVN lesioned rats.

D. 18. An inhibitor (LY 134046) of the hypothalamic synthesizing enzyme for adrenaline modifies
the preovulatory surge of gonadotrophins and prevents the evening circadian rise of plasma
bioactive-ACTH and corticosterone concentrations in proestrous rats. By PAMELA MACKINNON, R. SHEAVES, JULIA BUCKINGHAM* and R. LAYNES. Department of Human Anatomy,
Oxford and the * Academic Department of Pharmacology, Royal Free Hospital School of
Medicine, London

The preovulatory surge of gonadotrophins (GTH) in the rat is dependent on an increase in
plasma oestrogens and a neural event, the proestrous 'critical period' (CP), which precedes the
GTH surges by about 2 hours. In our colony the proestrous CP lasts between 14.30-17.00 hours
during which a significant increase in concentrations and 'turnover' of adrenaline occurs in the
area of the median eminence (AME). This finding is supported by similar observations in
ovariectomised, oestrogen-treated adults (MacKinnon et al. J. Endocrinol. 104, 1985) and
oestrogen-treated infant rats. In this study groups of 4-day cyclic Wistar rats were used, some of
which were injected (i.P.) daily for 5 days (over an oestrous cycle) with either 0 4 ml saline or LY
134046 (Eli Lilly, Int. Corp; 40 mg/k in 0-4 ml saline), a drug which inhibits the activity of the
adrenaline synthesizing enzyme (phenylethanolamine-n-methyl transferase; PNMT) and deletes
adrenaline concentrations in the AME. On the last day of treatment, groups (n = 4) of animals
were decapitated and trunk blood collected at 2 hour intervals over consecutive dioestrous and
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proestrous days. Plasma concentrations of follicle-stimulating hormone (FSH), luteinizing
hormone (LH), prolactin and corticosterone (CST) were measured by radioimmunoassay and
bioactive adrenocorticotrophin by bioassay (Alaghband-Zadeh et al. Clin. Endocrinol. 3, 1974).
Results showed that in control groups expected surges of FSH, LH and PRL occurred at proestrus
(c. 18.00 hours) and circadian peak levels of bioactive ACTH and CST at about the same time
(18.00 hours) on both days. In comparison, LY 134046-treated animals showed a moderate
reduction of FSH and LH peaks while peak levels of ACTH and CST were markedly reduced
(P < 0-01). In conclusibn, it appears that an increase in adrenaline in the AME during the proestrus
CPs, although modifying the output of GTH, has a more profound effect on the circadian peak
output of ACTH and CST.

D. 19. Immunogold localisation of oxytocin-neurophysin in stimulated peptidergic nerve terminals
of the rat neurohypophysis. By F. D. SHAW, MONA CASTEL* and J. F. MORRIst Department
of Anatomy, Cambridge, * Department of Zoology, Hebrew University of Jerusalem, Israel
and t Department of Human Anatomy, Oxford
The neurohormones oxytocin and vasopressin are released, together with their respective
neurophysins, from nerve terminals in the neurohypophysis which abut the perivascular space of
capillaries draining into the systemic circulation. The terminals are characterised by 160 nm
dense-cored granules, 50 nm electron-lucent microvesicles, smooth endoplasmic reticulum (SER),
and mitochondria. Secretion is thought to occur by exocytosis of granules followed by membrane
retrieval as large vacuoles; however, several previous reports have described immunolocalisation
of hormone and neurophysin in the cytoplasmic compartment or in the SER. We have localised
oxytocin-neurophysin at the ultrastructural level in both acutely and chronically stimulated
neurohypophyseal terminals with the improved methodology of post-embedding protein-A gold
immunocytochemistry.
The acutely-stimulated neurohypophyses were isolated from male Wistar rats, incubated in
vitro, and stimulated to release about 25 % of their secretory product by depolarisation with 56 mm
potassium for 30 minutes. The chronically stimulated group were taken from male homozygous
Brattleboro rats, which are unable to synthesise vasopressin and have a hypersecreting oxytocinergic system. Both groups were fixed by immersion in 4% formaldehyde, 0 25% glutaraldehyde,
01 M sodium cacodylate, pH 7, block-stained with uranyl acetate, dehydrated, and embedded in
either Spurr resin or LR White. Oxytocin-neurophysin was visualized with a highly specific
monoclonal antibody (Ben-Barak et al., J. Neurosci. 5, 1985) and 10 nm protein-A gold.
In both acutely and chronically stimulated terminals, gold particles were localised exclusively
over neurosecretory granules, or over partially dissolved granule cores within vacuoles. The
labelling density of gold particles was much higher in LR White-embedded material, and in the
acutely stimulated group immunoreactivity could be demonstrated within the perivascular space
and the capillary lumen, and apparently within vesicles of the endothelial cells, although this awaits
confirmation by serial sectioning. The present results are therefore consistent with the idea that
the secretory product of these peptidergic neurons is exclusively localised within, and released
from, the dense-cored granules.
D. 20. Exocytotic release of secretory granules from nerve terminals in the endocrine pancreas of
a teleost fish. By D. V. Pow (introduced by J. F. MORRIS). Department of Zoology,
University of Newcastle
Ultrastructural investigations on the single islet of Langerhans that constitutes the endocrine
pancreas of the teleost fish Xiphopherus helleri reveal that all categories of endocrine cell within
the islet are innervated by a single morphological type of synaptic terminal. Cytochemical staining
procedures indicate the presence of acetylcholinesterase in association with the plasmalemma of
all such terminals in the islets.
Two distinct categories of presumptive secretory inclusions were found in the terminals: small
(- 50 nm diameter) electron-lucent synaptic vesicles which occur in groups focussed onto, and
presumably released at sites of synaptic thickening associated with a synaptic cleft; and large
(- 100 nm diameter) dense-cored granules. The dense-cored granules are distributed throughout
the body of the terminals, but are normally absent from the immediate vicinity of the synaptic
contact zones.
Use of the tannic acid-Ringer incubation technique, which preserves the cores of exocytosed
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granules, reveals images of the exocytotic release of the cores of the granules from such synaptic
terminals. This release almost invariably occurs at regions of membrane which appear morphologically unspecialised; less than 1 % of images of granule exocytosis were located at the synaptic
contact zones.
Such findings are in accord with previous observations (Golding & Pow, Soc. Exp. Biol. Seminar
Series, 1986) that exocytosis of secretory granules from cholinergic and aminergic terminals also
occurs principally at morphologically unspecialised sites. Such observations raise important
questions as to the similarities, and differences inherent in synaptic vesicle and secretory granule
release.

D. 21. Changes in Harderian gland histology and activity as a result of pregnancy and lactation
in the golden hamster. By K. MURRAY, F. M. KELLY, J. A. MAHARAJ, S. L. STEWART,
R. C. SPIKE, A. P. PAYNE and M. R. MooRE*. Departments of Anatomy and * Medicine
(Western Infirmary), Glasgow University
The Harderian gland of the female hamster synthesises and stores porphyrins - precursors of
haem. Both porphyrin content and the activity of porphyrinogenic enzymes are substantially higher
in the Harderian gland than in other tissues such as liver and kidney. Furthermore, both biosynthesis and gland morphology are extremely labile to experimental manipulation, making
the gland a particularly useful model. It is known that androgens suppress porphyrin synthesis
and storage while, in the porphyrin-producing female gland, ovariectomy depresses porphyrin
synthesis and leads to degenerative changes. The present experiment was undertaken to examine
the morphology and activity of the gland during pregnancy and lactation and to answer two
questions: (a) What changes occur during a first pregnancy? (b) Do the glands of non-pregnant
multiparous females differ from those of virgin females? In each case, age and seasonal factors
were controlled.
By the end of a first pregnancy, there was a significant rise in porphyrin located within the gland
interstitium, both as lar -I accretions surrounded by foreign body giant cells and as smaller deposits
within free macropb ,es. In addition there was a significant increase in interstitial mast cell
numbers.
Comparing virgin females with non-pregnant multiparous females of the same age, the latter
have significantly elevated numbers of both large and small interstitial porphyrin deposits and mast
cells. Porphyrin is normally stored as solid intraluminal accretions; interstitial deposits may arise
after tubule wall degeneration following hormonal imbalance (e.g. Spike et al. J. Anat. 145, 1986).
Early stages of degeneration are accompanied by neutrophils invading the lumen, and intraluminal
neutrophils are also significantly increased in non-pregnant multiparous females. Primigravid
females exhibit higher porphyrin levels and enzyme activity in response to pregnancy than
multiparous females.

This study was supported by SERC grant GR/B 83049 and by Scottish Home and Health
Department vacation grants.
D. 22. The size of the spleen and splenic nodules of the mouse after prepubertal orchidectomy. By
A. C. B. HOOPER, T. G. BRIEN* and P. FELLE. Departments of Anatomy and * Pathology,
University College, Dublin
The recognition of interactions between the immune and endocrine systems of the body has
revived interest in the observations of early workers who reported an increase in the mnass of
lymphoid tissues following orchidectomy. But while Castro (Proc. R. Soc. Lond. B 185, 1974) has
reported a widening of the cortex and medulla of the thymus with increased cell density, as well
as widening of the paracortical area of the peripheral lymph nodes, the effect of orchidectomy on
the lymphoid elements of the spleen has not been studied previously.
Bilateral orchidectomy was performed in 21 days old LACA mice through a midscrotal incision.
Animals were killed at 10 weeks of age and mice which had undergone a sham operation involving
scrotal exploration served as controls. There was the expected decrease in body weight (P < 0 001)
and, unlike the liver and heart which were lighter than control, there were significant increases
in the weights of the spleen and thymus following orchidectomy (P < 0 05 and P < 0-01
respectively). Morphometric analysis revealed significant increases in the mean cross sectional area
(P < 0.05) and cell number (P < 0.01) of splenic nodules in the spleens of orchidectomised mice.
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The cell types involved and the relative contributions of the T and B lymphocytes remain to be
determined.
P. Felle is the holder of a Wholetime Fellowship from the Medical Research Council of Ireland.
D. 23. Vascularisation of the human fetal optic nerve. By R. R. STURROCK. Department of
Anatomy, University of Dundee
Optic nerves from human embryos aged 8, 10, 12, 14, 15 and 18 weeks post-conception, fixed
by perfusion-fixation, were examined to find the pattern of early vascularisation. There is a
substantial increase in vascularity between 8 and 18 weeks with the volume density (V,) of blood
vessels increasing from around 1% at 8 and 10 weeks to 24% at 18 weeks. The surface area of
blood vessels per unit volume of nerve (Sr) increases from 2 mm2/mm3 at 8 weeks to 50 mm2/mm3
at 18 weeks of age. Up to 14 weeks post-conception most vessels are of moderately large diameter
but at 15 and 18 weeks there is a marked increase in the number of small capillaries.
At all ages the lining of optic nerve blood vessels consists of a non-fenestrated endothelium with
adjacent cells joined by zonulae occludentes. This is so even with mitotic endothelial cells. Larger
vessels are surrounded by a perivascular space. In the case of vessels which have just entered the
nerve from the surrounding circumlongitudinal plexus this space contains numerous collagen fibrils
and is studded with small dark granules. Pial fibroblasts are frequently present. As vessels reduce
in size and the distance from the surface increases the collagen fibrils are replaced by collagen
microfibrils and finally the perivascular space disappears entirely.
D. 24. The avian anterior and posterior latissimus dorsi muscles: A stereological study. By
M. J. MooRE. Department of Anatomy, Marischal College, Aberdeen
The avian anterior latissimus dorsi (ALD) and posterior latissiumus dorsi (PLD) muscles are
involved in the control of wing movements. Their adult physiological and histochemical
characteristics develop, for the most part, soon after hatching. This study was carried out, as a
part of a wider investigation, to provide correlative morphological data for these post hatching
changes.
Quantitative data are presented for the volume fractions of intracellular components of the slow
tonic ALD and the fast twitch PLD of the White Leghorn Chicken at 3,33 and 66 days ex ovo.
At each age 3 birds were killed and the right ALD and PLD were prepared for electron microscopy
by standard techniques. The analyses were performed on single, randomly chosen, longitudinally
orientated thin sections from both muscles using the corner of the copper support grid as a convenient starting point. A series of micrographs was taken at x 15000 (calibrated by reference to
a grating ruled at 2160 lines/mm) from which ten per muscle per animal were selected at random
for analysis using a 1 cm point lattice. For the stereological calculations the reference volume was
taken to be the muscle fibre and this was divided into the following compartments: A-band +I
band; Z-line; mitochondria; SR+T-system; lipid; nuclei; sarcoplasm. The data from the point
counts were used to compute individual animal means and these were subjected to a two-way
analysis of variance using age and muscle type as the main effects.
In the ALD the results were consistent with previously published physiological data (Shear &
Goldspink, J. Morph. 135, 1971) which showed that immediately post-hatching the
ALD has the properties characteristic of a fast muscle and only later exhibits features typical of a
slow tonic muscle. The PLD displayed a characteristically fast morphology which did not change
over the time period analysed.
D. 25. Unbiased nuclear volume estimation from point-sampled intercept measurements in 'vertical'
sections in malignant melanoma. By V. HOWARD, J. FLETCHER and E. GRADWELL*. Departments of Human Anatomy, University of Liverpool and * Pathology, Whiston Hospital
(Fig. 6)
The measurement of the mean volume-weighted volume of arbitrarily shaped particles
(Gundersen et al. J. Microsc. 138, 1985) from intercept measurements has been combined with
sampling from 'vertical' sections (Baddeley et al. J. Microsc. 142, 1986) to produce unbiased
estimates of mean nuclear size at a cost of 10 minutes counting time per patient in the 11 benign
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and 47 malignant cases studied. Preliminary measurements were made with an 13 ruler and
probably caused on overestimate of the smaller classes. In this study a log-based ruler has been
employed which was not susceptible to this potential bias.
The mean volume-weighted nuclear volumes for benign naevi and nodular, superficial spreading,
lentigo maligna and acral melanotic lesions are shown in the graph. Measurements were made
'blind' and diagnoses were only associated with specific results after all counting was completed.
The results show that the range of nuclear volume for benign naevi was 133-259 pm3 while
for all grades of malignancy it was 241-901 ,m3. This shows an almost complete separation of
the benign from the malignant for this criterion. Plans to associate these results with prognosis
are in hand and a prospective study is envisaged.

D. 26. A microcomputer program for the mapping of craniofacial spatial distribution patterns in
groups of patients with developmental and other anomalies. By PATRICIA M. FISHER,
G. P. RABEY and P. D. HODGKINSON. Department o Cell and Structural Biology, University
of Manchester
Specially developed computergraphic programs for the morphanalytic measurement of spatial
distribution patterns in groups of patients with craniofacial deformities have been in regular use
in Manchester for about eight years. Associated spatial significance-testing programs have been
available for about six years. The patient data for the work are derived from three dimensionally
standardised radiographs and photographs produced in an analytic morphograph, as part of the
continuing clinical management of the patients.
Until recently, the development of the programs was necessarily confined to large computers.
The current project represents the first step in the transfer of the methods to a microcomputer,
with a view to making the procedures more widely available. Despite the limitations of
microcomputers, a useful program has been developed for the mapping of craniofacial spatial
distribution patterns. The project is being extended to include a microcomputer version of the

established spatial significance-testing methods.
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D. 27. Measurement of capillary basement membrane thickness by a computer method. By
B. P. HAYES, F. W. FITZKE and R. POULSOM (introduced by K. E. WEBSTER). Department
of Visual Science, Institute of Ophthalmology, London
Capillary basement membrane (bm) thickening has frequently been described in diabetic man
and in animal models. Previous manual and computer methods measured mean bm thickness but
ignored focal thickenings and bm processes which occur in diabetes. We have written software
for the inexpensive BBC microcomputer and Grafpad digitising tablet that automatically measures
bm thickness at approximately 500 points around the circumference of each capillary. Measurements were made of ten capillaries from the outer plexiform layer of the normal mou-se, rat and
long term streptozotocin diabetic rat retinae. Capillaries with length/breadth ratios less than 1 5
and well defined boundaries were examined in electron micrographs at 30000 to 50000 calibrated
magnification. Results were drawn by the computer as frequency distribution histograms.
The computer program was tested by three methods: (1) comparison of 350 computer and
manual measurements of a single vessel; (ii) comparison of computer measurements of 10 vessels
with manual thickness measurements; (iii) comparison of computer measurements of 10 vessels
with a computer area/perimeter method.
The mean bm thickness found by the computer thickness program was not significantly different
to that found by these other methods.
In addition the computer thickness program allowed us to examine regional differences in bm
thickness. Basement membrane overlying the pericyte was found to be thicker and that underlying
the pericyte thinner than basement membrane in the absence of pericyte cytoplasm.
Measurement of bm thickness in the long term streptozotocin rat showed on overall bm
thickening of 76% when compared with the control, which involved all regions of the bm. Focal
thickenings occurred in both normal and diabetic animals but were larger in the diabetic.

D. 28. Two fibre networks innervating the rat mesenteric vasculature. By T. M. SCOTT, J. ROBINSON
and J. FooTE. Faculty of Medicine, Memorial University of Newfoundland, St John's,
Newfoundland, Canada
The innervation of the vasculature and the control of vascular smooth muscle has recently been
shown to be more complex than the simple motor control of vascular smooth muscle by
sympathetic fibres. It has been shown that endothelial cells interact with vasoactive substances to
cause relaxation of vascular smooth muscle, and that one source of such vasoactive substances
might be the perivascular nerve plexus. The perivascular nerve fibres have been demonstrated to
include various peptides in addition to catecholamines. The distribution of the peptides depends
on the vascular bed.
We have defined two types of nerve network based on the distribution of neuropeptide Y (NPY),
calcitonin gene related peptide (CGRP) and substance P (SP). Using primary antibodies to these
substances and diaminobenzidene as the agent to produce the final coloured product we have
examined the perivascular nerve plexuses of the,superior mesenteric artery and vein and their major
branches in the rat. By applying a stereological method the density of innervation was determined
for each peptide examined.
It was found that the NPY containing plexus was the most dense. The distribution is consistent
with descriptions of catecholamine fibre distribution using fluorescence methods. It has been
demonstrated that in many situations NPY 'and catecholamines are present in the same nerve fibre
terminals. The form of the NPY plexus was quite regular. The pattern of the plexus containing
CGRP was similar to that containing SP, being more irregular than the NPY containing plexus.
Recent studies have shown that in many vascular beds SP and CGRP coexist in many perivascular
nerve fibres, and it appears from the similarity of plexus form in this study that they exist in the
same plexus.
From these studies it appears that at least two nerve fibre plexuses exist in the mesenteric
vasculature. The influence they have on each other or on the vascular wall has not been fully
determined, but sensory as well as motor functions have been suggested.
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D. 29. Observations on the villous blood and lymph vascular patterns in the small intestine. By
B. ABBAS, D. J. WILSON*, T. L. HAYESt, S. P. HULMEt and K. E. CARR. Department of
Anatomy, * Department ofDental Surgery, Queen's University, Belfast, tLawrence Berkeley
Laboratory, University of California, U.S.A. and I M.R.C. Cyclotron Unit, Hammersmith
Hospital, London.
Mouse duodenal and jejunal blood and lymph vessels were studied by light and transmission
electron microscopy in serial sections cut at right angles to the long axes of villi. Where whole
circumferences of gut were available, sections were taken from comparable regions relative to the
pancreatic or mesenteric border.
In transverse sections, the villi usually appeared circular, oval or oblong with an irregular outline.
In general, the distal, middle and proximal part of each villus showed distinct morphological
differences and thus it was possible to assess the position of a given section. As the villi were traced
proximally the connective tissue: epithelium ratio increased, lacteals enlarged and capillaries joined
to form venules; moreover, in contrast to the distal part, more capillaries and venules lay further
away from the epithelium.
The lacteal and a large number of capillaries were sectioned in round or oval profiles, making
it possible to compare the size, shape, position and contents of these vessels in different parts of
the villus. Capillaries usually displayed a thin and a thick side, in most of the cases the thin side
faced the villous epithelium. The thick side lay in contact with the connective tissue core and
contained the endothelial nuclei. The central lacteal, usually single though occasionally double,
had a mean diameter of 7-10 pm in the distal villus, increasing to 12 ,um in the middle region.
The proximal part of the lacteal measured up to 15 pm.
This model is being used to compare villous vessels from control and irradiated mice.
Preliminary results show that lacteals are affected by irradiation, sometimes showing as much as
twofold increase in diameter. It is clear that this model is appropriate for the assessment of the
vascularity of the intestinal villi in different environmental conditions.

D. 30. Granulated metrial gland cells in hormone supplemented ovariectomised mice following the
intrauterine injection of paraffin oil. By I. STEWART. Human Morphology, University of
Southampton
Ovariectomised Porton mice were primed with oestradiol and on days equivalent to days 1-4
of pregnancy they were given twice daily injections of progesterone (1 mg) and oestradiol (10 ng)
(group 1). In other animals oestradiol (10 ng) alone (group 2) or progesterone (1 mg) alone (group
3) was given on days 1-4. On day 3, up to 50 pl of liquid paraffin oil was inserted into the left
uterine horn. Animals were killed on day 5. Ten sections (1 pm) were examined from each uterine
horn.
Deciduomata were present in the left uterine horn in 11 out of 12 animals, and in the right uterine
horn of two animals in group 1. Most were similar in size to day 5 decidual swellings of pregnancy.
Apparently normal decidual cells were present and small granulated metrial gland (GMG) cells
were found in most of the ten sections of mesometrial decidua examined from each animal. The
GMG cells were generally few in number. Animals (10) in group 2 had no deciduomata and no
GMG cells were found. Animals (10) in group 3 had no deciduomata but GMG cells were found
in the left uterine horn in nine animals and in the right uterine horn of two of these animals. When
progesterone was given on days 1-5 (group 4) and the animals killed on day 6 GMG cells were
found in only three out of ten of the oil injected left uterine horns and none was found in the right
uterine horns.
Progesterone and oestradiol allow the induction of deciduomata with GMG cells. Oestradiol
is believed to be necessary to sensitise the uterine epithelium and without it intraluminal oil fails
to induce deciduomata formation. However, the preferential presence of GMG cells in the oiltreated uterine horn of progesterone-treated animals (groups 3, 4) indicates that the uterine
epithelium is not insensitive to the existence of the decidualising agent and is able to transmit a
supportive signal to the underlying stroma.
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D. 31. Prenatal development of retinocollicular projections in the rabbit. By J. W. CRABTREE.
Department of Human Anatomy, University of Oxford
The prenatal development of the rabbit's retinal pathways to the superior colliculus (SC) was
studied using anterograde axonal transport of horseradish peroxidase or [3H]proline injected
intraocularly. Material from fetuses at 21-29 days of gestation and from adult rabbits was
examined. Gestation in the rabbit averages 31 days.
Labelled retinal fibres begin to invade the SC on the 21st day of gestation (E21). From E23
to E25 peroxidase label extends across the entire SC mantle both contralateral and ipsilateral to
an injected eye. At these ages, contralateral fibres are densely and uniformly distributed and they
occupy all the superficial laminae, resembling the contralateral terminal field of the adult rabbit;
ipsilateral fibres are sparsely distributed in the medial half and posterior half of the SC, but they
form a dense focal distribution in the anterolateral SC. Furthermore, unlike the contralateral fibres,
the ipsilateral fibres are concentrated mostly along the border between stratum griseum superficiale
(SGS) and stratum opticum (SO). By E27 ipsilateral fibres are excluded almost entirely from the
posterior half of the SC and are reduced in density in the anteromedial quarter of the SC. By E29
the ipsilateral terminal field forms distinct patches and bands that are restricted primarily to the
anterolateral quarter of the SC and are confined to the SGS/SO border. Thus, a few days before
birth, the location of this projection resembles that seen in the adult.
The early widespread projection of ipsilateral retinal fibres to the SC and the eventual restriction
of these fibres in the fetal rabbit is consistent with the development of this projection in other
mammalian orders.
D. 32. The relationship of axonal growth cones to macrophage-Hke cells in the eye stalk of the
embryonic mouse. By R. J. COLELLO. Department of Human Anatomy, University ofOxford
The early development of the retina and optic nerve is accompanied by transient cell death. It
has been suggested (Ulshafer & Clavert. J. Morph. 162, 1979) that within the chick embryo this
wave of cell death may play a role in providing a path for the ingrowth of axons within the optic
stalk.
Light and electron microscopical techniques were used to study the region of the advancing nerve
fibres in C57lbl mouse embryos aged E 11 through E13. It was noted that the zone of cell death
is characterized by a population of macrophage-like cells, which are contacted by the growth cones
of advancing axons. Horizontal 1 ,um serial sections of each embryonic age confirmed the existence
of a wave of macrophage-like cells preceding the ingrowth of optic fibres. As development
proceeds,the necrotic zone originating within the neural epithelium of the ventral eye cup advanced
through the optic stalk and into the diencephalic region of the brain. A 45 ,um serial reconstruction
of thin sections of the optic stalk shows the 'pioneer' axons forming fascicles within the ventral
part of the eye-stalk abutting the area ofcell death. Growth cones of several axons extend processes
along the surface of the macrophage-like cells. Histological methods were initially used to identify
this group of macrophage-like cells characterized by large somas (approx. 15 ,um diameter) and
a variety of inclusion bodies. A population of these cells, having the same morphology and
distribution as the histologically identified macrophages, was further identified with the monoclonal antibody F4/80 (Austyn & Gordon. Eur. J. Immun. 11, 1981) specific for adult mouse
macrophages.
We conclude that within the developing mouse visual system the penetration of optic fibers into
the stalk is preceded by a wave of cell death. The presence of macrophages coincident with the
cell death may play a role in the guidance of axons.

D. 33. Culture of rat embryos with heparitinase implicates heparan sulphate proteoglycan involvement in cranial neurulation. By FIONA TUCKETT and GILLIAN MoRRIss-KAY, Department
of Human Anatomy, University of Oxford
Mammalian cranial neurulation begins with the formation of a pair of convex neural folds which
have a pseudostratified form of neuroepithelial organization. These increase in height and breadth
not by an increase in cell number but by a change in neuroepithelial cell organization to a cuboidal
form. Conversion to a concave curvature, which culminates in neural tube closure, coincides with
reorganization of the neuroepithelium to a pseudostratified form.
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A previous study in which embryos were cultured in medium containing /-D-xyloside indicated
that sulphated glycosaminoglycans are actively involved in the control of neuroepithelial shape
and cellular organization. fi-D-xyloside competitively inhibits the synthesis of both CSPG and
HSPG. Embryos formed well-developed cranial neural folds with a cuboidal epithelial organization; further development to concave neural folds with a pseudostratified organization was slow
and incomplete, and neurulation was arrested with the folds widely open.
With the aim of discovering the separate roles of CSPG and HSPG, we are now studying these
two components separately, and report here the results of culturing rat embryos in medium
containing the heparan sulphate-specific enzyme heparitinase. In the presence of heparitinase,
initial development of the convex neural folds was apparently normal but subsequent elevation
of the lateral edges and thickening of the epithelium was deficient, resulting in failure of concave
neural fold formation. Appearance of embryos at this stage was very similar to those treated with
fl-D-xyloside. With continued culture in the presence of heparitinase, the embryos failed to close
their cranial neural tubes (abnormal spinal tube closure and poor somite segmentation was also
observed). The forebrain developed as a small beak-like protrusion anterior to the ballooning,
oedematous midbrain neural folds. The poor forebrain development may occur as a result of
heparitinase-induced inhibition of cell movement within the neural epithelium.
It is concluded that protein-bound heparan sulphate plays an essential role in the cell behaviour
associated with cranial neurulation, especially in cellular movement and reorganization.

D. 34. Segmentation of the peripheral nervous system and specification of somite cell fates in the
chick embryo. By D. R. N. PRIMMETT, C. D. STERN and R. J. KEYNEs*. Department of
Human Anatomy, Oxford and * Department of Anatomy, Cambridge
During early development, motor axon outgrowth (Keynes & Stern, Nature 310, 1984) and
neural crest cell migration (Rickmann et al. J. Embryol. exp. Morph. 90, 1986) from the developing
spinal cord occur only through the rostral half of each adjacent sclerotome. The two halves of
the sclerotome are separated by a fissure.
In this study, we exposed chick embryos (4-18 somites) to heat shock or to one of several
pharmacological agents for a short period (55-120 minutes). We find that treated embryos exhibit
a discrete somite anomaly, 1-2 segments in length, which appears 6-7 (range: 5-9) somites after
the last somite formed at the time of treatment. The abnormality could consist of either a small,
a large, a misshapen or two fused somites and was accompanied by an anomaly in the spinal nerve
root, which was visualized by staining with Zn/OsO4.
In some cases a second, and occasionally a third anomaly were observed, again at 6-7 somite
intervals. One somite takes approximately 100 minutes to form; 6 to 7 somites is therefore
equivalent to about 1 cell cycle (Stem & Bellairs, Anat. Embryol. 169, 1984). We suggest that the
treatment affects cells, at a discrete point of the cell cycle following that in which the treatment
is applied, and at one cell cycle intervals thereafter. We further suggest that the specification of
presumptive sclerotome cells as rostral or caudal is an event linked to the cell cycle.
D. 35. Differential regeneration of fibre tracts in the goldfish spinal cord. By P. J. KIRKPATRICK
and S. M. BUNT (introduced by R. R. STURROCK). Department of Anatomy, University of
Dundee
The adult goldfish spinal cord, unlike that of higher vertebrates including man, is capable of
vigorous regeneration. We have investigated the origin and regeneration capabilities of the various
spinal cord fibre tracts in the goldfish using horseradish peroxidase (HRP).
The spinal cord was exposed and transected at the mid-level of the dorsal fin in 40 anaesthetised
goldfish. One hour to 8 weeks later, the cord was exposed caudal to the original lesion site,
transected at that point, and HRP with poly-ornithine and lysolecithin applied in a gelfoam pledget
to the damaged fibres. After time for HRP transport the animals were fixed and alternate sections
processed to reveal the HRP by the DAB method of Adams or the TMB method of Mesulam.
After 24 hours retraction endbulbs formed club like endings on the transected fibres. These
appeared to turn into large cyst-like structures which ruptured to leave classic fan-like growth cones.
By four weeks regenerated fibres could be observed crossing the gap. Backfilled cells could then
be detected in the brainstem.
In 8 week regenerate fish, fewer cells were backfilled with HRP in the inferior middle and superior
reticular zones than in control fish. The nuclei of the medial longitudinal fasciculus and vestibular

266

Proceedings of .the Anatomical Society of

complex remained unlabelled. As these latter argas are heavily labelled from spinal HRP fills in
control fish, the results suggest that, even in the goldfish, only certain of the bulbospinal pathways
are able to regenerate across a spinal cord transection. We are now investigating whether this ability
correlates with any morphological or biochemical characteristic shared by the fibre tracts concerned.
This study is supported by a grant from the MRC.
D. 36. The effects of a lengthy period of undernutrition on the synapse-to-granule cell ratio in the
rat cerebellum. By M. A. WARREN and K. S. BEDI*, Department of Anatomy and Cell
Biology, The University of Sheffield and * Department of Anatomy, University of Aberdeen
We (Bedi et al. J. Comp. Neurol. 193, 1980) have previously reported that a relatively short
period of undernutrition during early postnatal life can cause significant deficits in the synapseto-granule cell ratio in the rat cerebellum. This deficit was not permanent; it disappeared following
a lengthy period of nutritional rehabilitation. However it is uncertain whether this catch-up was
due to the nutritional rehabilitation or whether it would have occurred even with continuing
undernutrition. We have now investigated this possibility.
Rats were undernourished from birth until either 75 or 150 days of age by restricting their food
intake to half that eaten by well-fed controls. Some rats were nutritionally rehabilitated between
75 and 150 days of age by allowing them to eat ad libitum. Eight male rats from each age and
nutritional group were anaesthetised and killed by perfusion with 2.5% buffered glutaraldehyde.
Stereological procedures were used to estimate the synapse-to-granule cell ratios in the cerebella
of these rats.
Seventy five days old well-fed rats had 707 + 52 (mean+S.E.) synapses per granule cell. By 150
days of age this value had fallen to 539 + 27 (P < 0-05). There were no significant differences in
this ratio between the control and undernourished rats in either age group. Rats previously
undernourished until 75 days of age and then rehabilitated until 150 days of age had a ratio of
655 + 38. This was significantly greater (P < 0-05) than in the age-matched controls.
These results suggest that any deficits in the synapse-to-granule cell ratios resulting from a
period of undernutrition during early life are not permanent and disappear even if the period of
undernutrition is continued into early adult life. However, it also seems that such a period of
undernutrition does have some long-lasting effect on the development of synapses in the granular
layer of the cerebellum. This is evidenced by the greater synapse-to-granule cell ratio observed in
the rehabilitated rats compared with the control animals.

Financial support from the Wellcome Trust is gratefully acknowledged.
D. 37. The sensory and preganglionic visceromotor innervation of the guinea-pig adrenal medulla:
A fluorescent tracer study. By A. MOHAMED, T. L. PARKER and R. E. COUPLAND. Department of Human Morphology, University of Nottingham
The lack of information regarding the innervation of the guinea-pig adrenal medulla prompted
us to embark on a fluorescent retrograde tracer study of its innervation paying particular attention
to the possible existence of a sensory component.
Deliveries of the fluorescent tracer fast blue were made either by iontophoretic or pressure
injection into the left adrenal medullas of 8 guinea-pigs. The glass microelectrode tip diameter was
5-20 pm. After injection the electrode remained in the gland for 15 minutes to prevent tracking.
The entry point into the gland sealed on removal of the electrode by contraction of the surface
capsule. After several periods of up to 5 days, the animals were killed under anaesthesia by
perfusion fixation with 10% paraformaldehyde in 0-1 M phosphate buffer pH 7-3. Cryostat or
plastic sections were prepared of the spinal cord and dorsal root ganglia. The labelled cells were
identified under a Leitz fluorescent microscope incident wave length 360 nm.
The majority of the labelled cells in the spinal cord were found in the nucleus intermediolateralis
pars principalis of the ipsilateral lateral horn at levels T3-L2. 83 9 % of the labelled cells lay between
T7-T12, the highest contribution (12 7%) being at TI0.
Labelled cells were found in the ipsilateral dorsal root ganglion from T3-L2. Two cell populations
were consistently labelled, those > 28 pm and those < 12 pm. Of the labelled cells 61 % belonged
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to the large cell population. It was found that the distribution of the labelling in the two cell sizes
differed. Ofthe large labelled cells 60% were found between T7-T12, with the maximum(15%)occurring at Tl0, whereas 54-5% of the small labelled cells lay within T6-T,, but the maximum
contribution (18-7%) was also found at T10.
Thus, we have established for the first time that the guinea-pig adrenal medulla receives both
preganglionic visceromotor and sensory innervation.

D. 38. The pre and postganglionic innervation of the rat adrenal medulla: a fluorescent tracer study.
By W. K. KESSE, T. L. PARKER and R. E. COUPLAND. Department of Human Morphology,
University of Nottingham
The presence of adrenergic nerve terminals and myelinated nerve fibres in the rat adrenal
medulla stimulated us to investigate whether the adrenal medulla receives both a pre and postganglionic innervation.
Iontophoretic and pressure injections of retrograde. fluorescent tracer fast blue were made into
the left adrenal medullas of 10 rats using a glass micropipette of tip diameter 5-20 pm. After tracer
delivery the electrode remained in the gland for 15 minutes to prevent tracking. On electrode
removal, the capsule of the gland sealed over the penetration point thus preventing tracer spread
outside the gland. The animals were allowed to survive for up to 4 days. They were then killed
under anaesthesia by perfusion fixation with 10% paraformaldehyde in 0-1 M phosphate buffer
pH 7-3. Cryostat or plastic sections were cut of the spinal cord and associated pre- and paravertebral
ganglia and viewed under a Leitz fluorescent microscope incident wavelength 360 nm.
Labelled preganglionic cell bodies were found in the ipsilateral horn of the thoracolumbar
segments of the spinal cord T1-L,, they appeared in clusters and not as a continuous cell column.
Sixty three per cent of the cells were found between T7-T10, greatest contribution was from T9.
Ninety five per cent of the cells were located in the nucleus intermediolateralis pars principalis,
4% in the nucleus intermediolateralis pars funicularis, and 1 % in the nucleus intercalatus of the
lateral horn.
Labelled postganglionic cell bodies were found in the left sympathetic ganglia between T,-T,,
with the greatest labelling at T, and T,0. Labelled cells were also found in the suprarenal ganglia
representing 24% of the total labelled postganglionic cells. No labelled cells were found in the
coeliac ganglia.
In conclusion, 88.6% ofthe total cells labelled were preganglionic, ofthe remaining 11 -4%, 2-7%
were of suprarenal origin and 8-7% of paravertebral origin.

D. 39. Pyramidal neuron density does not change with age in human hippocaMpus. By D. C. DAVIES,
S. L. ISAAcS and D. M. A. MANN*. Department of Anatomy, St Mary's Hospital Medical
School, London and * Department of Pathology, University of Manchester
Many quantitative studies have been carried out on age-related neuronal changes in human brain
(see Hanley, Age Ageing 3, 1974). However, although neuronal loss has been demonstrated in a
number of brain regions it is by no means a universal feature of the ageing process. In view of
the many postulated roles for the hippocampus in memory formation and the phenomenon of
memory impairment with increasing age, we studied pyramidal neuron density in the four Cornu
Ammonis (CA) fields (Lorente de No, J. Psychol. Neurol. 46, 1934) of human hippocampus. The
CA fields are defined according to their different projections and the structure of their pyramidal
neurons. Thus, differential neuronal loss might explain functional deficits.
The left hippocampal formation was dissected from 15 human brains ranging in age from 6-87
years. A central portion of Ammon's horn, approximately 1 cm in length, was removed and fixed
in phosphate-buffered formalin solution. The post mortem delay prior to fixation ranged from 6-28
hours. The tissue was then embedded in paraffin wax and 100 serial 10 ,um sections were cut from
each block, perpendicular to the long axis of the hippocampus. Every tenth section was collected,
mounted and stained with cresyl fast violet. The central part of each CA field per section was
photographed and projected onto a digitising tablet. Nucleolated pyramidal neurons were counted,
the width of the stratum pyramidale recorded and pyramidal neuron density calculated, using
standard stereological techniques.
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There was no significant change in the width of the pyramidal neuron layer with age in any of
the CA fields investigated, nor was there a change in pyramidal neuron density. Mean (±S.E.M.)
pyramidal neuron density was as follows: CAI, 4743 mm3 +455; CA2, 2474 mm3 + 87; CA3,
1742 mm3 ±64; CA4, 887 mm3+ 58.
These findings suggest that a decrease in pyramidal neuron density is not a feature of normal
ageing in the human hippocampus, although pyramidal neuron loss in a pathological state,
Alzheimer's disease, has been documented (Hyman et al. Science 225, 1984).

