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Abstract 

The morphology of rhinoceros horn as revealed by the scanning electron micro­
scope is reported. The results are broadly consistent with previous studies of the 
material. Two different-shaped cortical cell units are shown to exist. The more numer­
ous scale-like cells form the concentric laminae which are packed around the central 
non-fibrous cores of fibrillar units which comprise most of the horn structure. Regions 
of interfibrillar material are shown to exist and it is possible that the minority cells 
originate from it. 

J. INTRODUCTION 

Microscopic studies of the morphology of rhinoceros horn (Makinson 1954; 
Earland et al. 1962; Ryder 1962) have led to the following description of the material: 

(1) The horn is composed of tubular or filamentous units 300-500 (Lm in diameter. 

(2) These units are closely packed and as a consequence are distorted from a 
cylindrical shape. 

(3) Interfilamentous horn is concentrated mainly, if not only, at the inter­
stices rather than between the flat surfaces between the filaments. 

(4) The filaments are composed of about 40 laminae arranged concentrically 
around a medulla which is a "clearly demarcated solid structure that has 
either several small gas spaces, or one large irregular one occupying almost 
the whole width of the medulla" (Ryder 1962). 

(5) The laminae are sheets composed of a single layer of flat cortical cells. 

We have studied the morphology of the horn of an African white rhinoceros 
(Cerathotherium simus) by scanning electron microscopy. Two instruments were used­
a JSM2 and a Cambridge Stereoscan Mk.IJ. Both cut and sheared longitudinal and 
transverse surfaces were observed and also surfaces formed by snapping after immer­
sion of the horn in liquid nitrogen. After preparation some specimens were soaked 
in water and then dried at lO5°C. Material swollen in formic acid was also studied 
together with the product of disintegration in heated formic acid. 
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II. RESULTS 

At low magnification (Fig. 1) a cut transverse section clearly shows the close 
packing of the filamentous units. The individual filaments are distinguished by 
common boundary depressions. These depressions become apparent after swelling 
the horn in water and then drying. Filaments defined by these boundary depressions 
leave space in the structure for interfilamentous material. A depression also occurs 
at the core of the units. This non-uniform swelling of the structure suggests materials 
at the core and boundaries which differ from the fibrous material of the bulk of the 
units. 

Figure 2 shows a transverse section of the central core of a filament sheared 
at the temperature of liquid nitrogen. The cores appear as well-defined solid struc­
tures with cross-sections similar in shape to, and roughly one-tenth the diameter of, 
their filaments. The core material is distinct from the surrounding material and there 
is some indication that it has a tendency to flake in transverse sheets. Surrounding 
the core, as can be seen in Figure 2, are concentric laminae of fibrous material, each 
about 2 (-tm in thickness. The fibrous nature of the concentric laminae can be seen 
in a specimen formed by shearing across the grain at room temperature (Fig. 3). 
Examination of this type of fibrous region shows that the fracture plane cuts across 
the cortical cells (see below) and reveals (Fig. 4) substructural units approx. 0·1 (-tm 
in diameter, corresponding to the macrofibrils of keratin fibres. Longitudinal cut 
sections which intersect the core regions reveal the material of this region to have 
no fibrous alignment (Fig. 5). These surfaces show cavities in the core not generally 
seen at the transverse surfaces. Our impression, however, is that these cavities are 
artifacts due to the cutting process. 

By shearing the horn longitudinally after immersion in liquid nitrogen it is 
possible to obtain shear surfaces along the laminar interface. Region A of Figure 6 
shows such a surface while region B shows a shear surface across the laminae. These 
exposed laminar surfaces clearly show the outline and surface appearance of flat 
scale-like units which constitute the laminae (see Fig. 8). 

When sections a few millimetres thick are swollen by soaking in 98 % formic 
acid there is a separation of the filaments. This separation delineates regions of 
material which are not part of the filaments (Fig. 7) and which as such can be described 
as interfilamentous material. It is not clear whether there is a sharp or gradual transi­
tion from the filament to the interfilamentous material but there seems to be some 
morphological difference in the materials typical of the two regions. 

If the swollen material is heated while still in the formic acid it disintegrates 
into small cellular units of two types (Fig. 8). The more common of the two are flat 
scale-shaped units 50-80 (-tm in maximum dimension and several micrometres thick. 
The other kind are thicker and more elongated, of length 40-100 (-tm and 10-15 (-tm 
in thickness. Before disintegration of the swollen material it is possible to separate 
the filaments from interfilamentous material. This procedure usually results in a 
unit smaller than the total apparent filament being obtained. When this component 
is disintegrated by itself there is a complete absence of the elongated cellular units 
and only flat scale-like units result. The dimensions of both the concentric laminae 
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and the flat cortical cells show that each lamina is composed of a single layer of 
slightly overlapping flat cortical cells. These cells are seen to peel away from the 

Fig. I.-Transversely cut section of rhinoceros hom previously swollen in water. Stereoscan Mk. II. 
x 12·5. 
Fig. 2.-Transverse section formed by snapping at liquid nitrogen temperature, showing the central 
region of a single filament. JSM2. x 625. 
Fig. 3.-Transverse section formed by shearing at room temperature. Stereoscan Mk. II. x 125. 
Fig. 4.-Strap-like elements revealed by tearing across the grain. A substructure of macrofibrils can 
also be seen. JSM2. x 5000. 

cylindrically shaped fibrils until only the central core remains (Fig. 9). The residual 
material after separation has an increased proportion of the elongated units further 
supporting the idea that these units are confined to the interfilamentous material 
or the outer regions of the filaments or both. 
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III. CONCLUSIONS 

This study supports a morphological model of rhinoceros horn broadly con­
sistent with that described in the Introduction in which (1) close-packed filaments 
300-500 (Lm in diameter comprise almost all of the structure; (2) the filaments con­
sist of a solid non-fibrous core about one-tenth the radial extent of the filament and 
around which are layered concentric laminae composed of fiat scale-like .cells, 50--80 
(Lm in extent and several micrometres thick; (3) there exists a material which is not 
associated with the filaments, which surrounds most of the filaments, but is mainly 
clumped in interstitial regions common to three or more filaments; (4) there exists 
a cellular unit different from and fewer in number than the fiat scale-like cells which 
comprise the inner laminae of the filaments. These cells are thicker and more elongated 
and are associated with the outer regions of the filaments or the interfilamentous 
material or both. 
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Fig. 5.-Longitudinally cut section of filament revealing core region. JMS2. X 400. 
Fig. 6.-Longitudinal section across a single filament formed by shearing at liquid nitrogen 
temperature. Shows shear plane between the laminae (A) and across the laminae (B). JSM2. 
X 530. 
Fig. 7.-Rhinoceros horn swollen in 98% formic acid. Separate region of interfilamentous material 
is indicated by arrow. JSM2. X 120. 
Fig. 8.-Cellular units of two types which result from the disintegration of rhinoceros horn on 
heating in 98% formic acid. JSM2. x 660. 
Fig. 9.-Decomposition products of filaments in 98% formic acid exclusive of interfilamentous 
material and some of the outer laminae of the filaments. Scale-like cells are seen to peel progressively 
from the concentric laminae of the filaments. JSM2. x 100. 
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