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ABSTRACT 

Neurons in the gracile nucleus of the camel brain stem were studied by Golgi method. Neurons were classified based on 
soma size and shape, density of dendritic tree, morphology and distribution of appendages. Six types of neurons were 
identified. Type I neurons had very large somata with appendages on their somata and distal dendrites. Type II neurons 
had large somata and almost smooth dendrites. Type III neurons displayed medium size somata with dendritic append- 
ages of different forms. Type IV neurons were small to medium spheroidal or triangular neurons. Somata and dendrites 
of these neurons had appendages of different forms. Type V medium-size neurons had bipolar, round or fusiform 
somata and poorly branching dendritic tree. Some spines and appendages were seen on somata and dendrites of these 
neurons. Neurons of type VI were medium-size unipolar, round or fusiform with spines on their dendrites. The radiating 
branching pattern was more common than the tufted for all types of neurons. Wide overlap between widths of dendrites 
of different orders was found for all neuronal types. Hopefully, this study will improve our understanding of the role of 
the gracile nucleus as major center for sensory information processing and contribute to our understanding of compara- 
tive neuroanatomy and neurophysiology. 
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1. Introduction 

The dorsal column nuclei (DCN) are among the most thr- 
oughly studied structures in the mammalian central ner- 
vous system from the anatomical, physiological and be- 
havioral point of view [1]. The DCN (gracile and cuneate 
nuclei) are sensory nuclei which are interposed in the 
ascending somesthetic pathway from the periphery to the 
somatosensory thalamus [2]. Nerve fibers from receptors 
mediating proprioception, kinesthesia, stereognosis and 
vibration enter directly into the dorsal columns of the spi- 
nal cord and ascend ipsilaterally, without synapsing, to the 
gracile (Gr) and cuneate (Cu) nuclei. The fibers from the 
leg (hindlimb) ascend in the more medial portion of the 
dorsal column in the fasciculus gracilis, while those fi- 
bers from the upper extremity (forelimb) ascend in the 
more lateral fasciculus cuneatus [3]. 

In mammals, hindlimb and forelimb afferents nerve 
fibers project to separate bulbar targets, namely the le Gr 
and Cu nuclei. This organization allows assay of interact- 
tions between distinct components of the somatosensory 
system during the course of development [4]. There is a 

steady increase in size of the dorsal fasciculi and their 
bulbar nuclei throughout the phylogenetic scale from lo- 
wer animals to man [5]. The two nuclei make their first 
definite appearance in reptiles and reach their highest 
stage of development in mammals [6]. It is believed that 
the development of the dorsal fasciculi and their nuclei in 
the mammalian and primate series is correlated with in- 
creasing sensory discrimination in the skin and the in- 
creased development of proprioceptive sense in the limb 
[5]. 

The concept that the DCN function only as relay sta- 
tions [7] is too simplistic in view of accumulated evi- 
dence that the synaptic passage of sensory information is 
capable of considerable modulation. Now it is known 
that the DCN are major integrating centers in which the 
processes of presynaptic and postsynaptic inhibition and 
facilitation regulate rostral transmission of afferent infor- 
mation [8-11]. 

Camel has adapted to live in desert in several ways. It 
has long, strong legs. Powerful muscles in the upper part 
of the legs allow the animal to carry heavy loads for long 
distances. When walking, the camel moves both feet on 
one side of its body, then both feet on the other. This gait 
suggests the rolling motion of a boat, explaining the 
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camel’s “ship of the desert” nickname [12]. Camel has 
two toes on each foot. A hoof that looks like a toenail 
grows at the front of each toe. Cow, horse, and many 
other animals walk on their hoofs. But the camel walks 
on a broad pad that connects its two long toes. This cush- 
ion-like pad spreads when the camel places its foot on 
the ground. The pad supports the animal on loose sand. 
The camel’s cushioned feet make almost no sound when 
the animal walks or runs [13]. These features of the limbs 
of the camel enable it to walk over the softest kinds of 
sand that are difficult for any other animal to move on 
them. To the best of our knowledge, the Gr of the camel 
had not been studied before. Hopefully, this study will 
find special features for neurons in the Gr nucleus of the 
camel.that represent the second order neurons of path- 
ways of fine touch, pressure, vibration and propriocep- 
tion from the leg (hindlimb). 

The aims of this study were to: 1) Identify the different 
neuronal types in the Gr of the camel and describe their 
morphological features; 2) Study certain quantitative fea- 
tures of these neurons such as mean diameter of cell 
body and dendrites of different orders and types of den- 
dritic branching patterns and 3) Compare neurons in the 
camel’s Gr with their counterparts in other species. 

2. Materials and Methods 

This study focus on studying different neuronal types in 
the gracile nucleus of the camel using Golgi method. Ten 
camels’ brain stems obtained from slaughtered camels 
and fixed in 10% formalin for months. Two modifica- 
tions of Golgi-Kopsch method [14,15] were carried out 
in this study. Interesting and well impregnated neurons 
were studied (drawn, measured and photographed) by 
using Nikon light microscope equipped with camera lu- 
cida, oculometer and photographing system. Mean diam- 
eter of cell body and diameter of primary, secondary and 
tertiary dendrites were measured. Finally, dendritic bran- 
ching patterns: radiating (dendrites that give two bran- 
ches) and tufted (dendrites that give more than two bran- 
ches) of different neuronal types were studied. 

3. Results 

The Gr of the camel brain stem extends from the lower 
limit of pyramidal decussation; 5mm below the obex; up 
to 1mm above the obex (Figure 1). The areas occupied 
by Gr were studied and delineated using hematoxylin and 
eosin preparations. To characterize further morphological 
and quantitative features of neurons of this nucleus, blo- 
cks of the medulla at the level of the Gr were impreg- 
nated by Golgi technique. 

3.1. Morphological Study 

The neurons in Gr were classified according to: 1) soma 

size and shape; 2) density of dendritic tree and 3) pres- 
ence or absence of different types of spines and/or ap-
pendages on dendrites and/or cell bodies. 

Type I Neurons: These multipolar or elongated neu- 
rons (Figure 2) represented the largest impregnated neu- 
ronal type in the Gr. They had very large somata with 
mean diameters range from 52.5 to 74µm (MD = 61.53 
µm ± 5.844, n = 19). Somatic spines were seen for some 
neurons of this type. Four to seven primary dendrites em- 
erged from the cell body of these neurons. These den- 
drites showed moderate arborizations.. Appendages were 
detectable all along the dendritic processes of this neu- 
ronal type although they became more prominent pro- 
gressively on the distal dendrites. These appendages in- 
cluded mainly small rounded-like protrusions and slender 
stalks with or without spheroidal endings. Regarding the 
axons, only initial axonal segments of these neurons were 
impregnated in this study. 

Type II Neurons: These multipolar or elongated neu-
rons represented the most frequently impregnated neu-
ronal type in the Gr (Figure 3). They had large somata 
with mean diameters range from 25.5 to 42.5 µm (MD = 
31.65 µm ± 4.31, n = 51). There were no detectable so- 
matic spines for these neurons. These neurons emitted two 
to six dendrites. They were generally smooth with only 
few spines found for distal dendrites. Only initial axonal 
segments of these neurons were impregnated. 

 

 

Figure 1. Dorsal view photograph of camel's brain stem to 
demonstrate the area occupied by Gr in the medulla (be- 
tween the two dotted lines). The arrowhead indicates to the 
obex of the medulla. 
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(c)(b)

(a) 

 

Figure 2. Camera lucida drawing (a) of type I neuron. The arrow indicates to somatic spine which is also shown in photomi- 
crograph (b); Dendritic spine and protrusions are indicated by the arrow and arrowheads respectively in both (a) and pho- 
tomicrograph (c); × for drawing = 220. 
 

(a) 

(b)

× for drawing = 450. 

 

Figure 3. Camera lucida drawing (a) and photomicrograph (b) of type II neuron. Note that the dendrites are almost smooth. 
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Type III Neurons: These medium-sized neurons dis-

l
Three to six primary dendrites emerged from the cell body 

p ayed ovoid, elongated, triangular or multipolar somata 
(Figures 4 and 5). Few of these neurons also exhibited 
pyramidal-like shape. Their somata mean diameters ran- 
ge from 15 to 25 µm (MD = 20.70 µm ± 3.531, n = 28). 
Somatic spines were rarely found for neurons of this type. 

and sparsely ramified. Appendages of different forms were 
detectable all along some dendritic processes. Thin long 
side branches with spines were detected for neurons of this 
type (Figure 5). Only initial axonal segments of these 
neurons were impregnated. 

 

(a) 

(b)

 

Figure 4. Camera lucida drawing (a) and photomicrograph (b) of type III neuron. Note the paucity of dendrit  appendages ic
(arrowheads). Ax = Axon. × for drawing = 300. 

 

(a) 

era lucida drawing (a) of type III neuron. The numbered arrows in

(b) 

 

Figure 5. Cam dicate to four endritic appendages of dif-
ferent shapes which are also shown in photomicrograph (b). × for drawing = 400. 

 d
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Type IV Neurons: These were small to medium spher-
oidal or triangulated neurons (Figures 6 and 7). Somatic 

spines were commonly observed for the dendrites of 
these neurons (

spines and grape-like appendages were seen for these 
neurons. The neurons of this type were subdivided into 
two subtypes according to the density of their dendritic 
trees. Type IVa (Figure 6) consisted of neurons with 
somata diameters range from 12 to 21 µm (MD = 17.58 
µm ± 2.499, n = 18). They had two to four primary den-
drites with little or no dendritic branching. Type IVb 
(Figure 7) consisted of neurons with somata diameters 
range from 10.5 to 22 µm (MD = 17.19 µm ± 2.938, n = 
29). They had three to four primary dendrites and their 
ramification as a whole was generally more extensive as 
compared with type IVa. The dendrites of type IV neu- 
rons had spines and appendages all along their courses. 
Thin side branches of different lengths with or without 

originating from a distinct axon hillock and coursing a 
short distance. Some of these axons showed spines on 
their initial segments. No axon collaterals were observed. 

Type V Neurons: These bipolar, round or fusiform 
neurons (Figure 8) had medium somata with mean dia- 

 

 

Figures 6 and 7). Axons were observed 

meters range from 16 to 23.5 µm (MD = 19.72 µm ± 
2.353, n = 18). Somatic appendages were seen for some 
neurons of this type. They had two dendrites that ran in 
opposite directions with little or no branching. Dendrites 
of these neurons displayed some spines. Thin long side 
branches with spines were sometimes observed on den- 
drites of these neurons. Only initial axonal segments of 
these neurons were impregnated and arose from cell 
body or primary dendrite.  

(b) 

(c) 

(d) 

(a) 

 

e arrow indicates to somatic 
 points to somatic spine which 

Figure 6. Camera lucida drawing (a) of type IVa neuron. Note the poor dendritic tree. Th
grape-like appendage which is also shown in photomicrographs (b) and (c). The curved arrow
is also shown in photomicrograph (d). Thin side branch indicated by arrowhead is also shown in photomicrograph (c). Other 
thin side branches are indicated by stars. Ax = Axon. × for drawing = 470. 
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(b) (c)

(d)

(a)

 

Figure 7. Camera lucida drawing (a) of type IVb. Note that the dendritic ramification as a whole is generally more extensive 
as compared with type IVa. The curved arrow indicates to somatic spine which is also shown in photomicrograph (b  The 
arrow and arrowhead indicate to two thin side branches which are also shown in photomicrographs (c) and (d) respe ively. 

);
ct

Other thin side branches are indicated by stars. × for drawing = 500. 
 

 
(c)(b) 

(a)

 

Figure 8. Camera lucida drawing (a) of type V neuron. Somatic hair-like appendage and two protrusions indicated by arrow 
and two arrowheads respectively are also shown in photomicrograph (b); Note the thin long side branch (curved arrow) 
which is also shown in photomicrograph (c). Ax = Axon. × for drawing = 415. 

was little or no dendritic branching. Dendri- 

 
Type VI Neurons: These neurons (Figure 9) repre- 

sented the least frequently impregnated neuronal type in 
There were no detectable somatic spines for these neu- 
rons. There 

the Gr. They displayed unipolar, round or fusiform neu- 
rons. They had medium somata with mean diameters ran- 
ge from 16.5 to 18 µm (MD = 17.60 µm ± 0.652, n = 4). 

tes of these neurons displayed some spines and protru- 
sions. Thin side branches were seen for some neurons of 
this type. Only the initial axonal segments of these neu- 
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rons were impregnated and arose from the primary or 
secondary dendrites. 

3.2. Quantitative Study 

Neurons in Gr were studied quantitatively. The mean dia- 
meters of cell bodies of these neurons were already in- 
cluded in the first part of this study. The other parameters 
studied in this part were: 1) type of dendritic branching 

n two branches) or radiating 
ameter of primary, second- 

pattern: tufted (give more tha
(give two branches) and 2) di
dary and tertiary dendrites. 

The neuronal types I, II, III, IV and V were studied 
quantitatively (Table 1 and Figure 10). Type VI neu- 
rons were excluded because the number of their impreg-  
 

 

nated dendrites was insufficient for quantitative analysis. 
Type I Neurons: The branching pattern analysis re- 

vealed that the vast majority of the primary, secondary 
and all of the tertiary dendrites had a radiating branching 
pattern (Table 1). The quantitative measurements of 
widths of dendrites of different order showed a very wide 
range of variability of widths of dendrites of different 
orders as well as of the same order (Figure 10). The dia- 
meters of the first order dendrites range from 2 to 22 µm, 
the diameters of the second order dendrites range from 1 
to 13 µm and the diameters of the third order dendrites 
range from 1 to 10 µm. Overlap of diameters was found 
not only between primary and secondary dendrites, but 
also between primary and tertiary dendrites (Figure 10). 

(b) 

(a)

(c) 

 

Figure 9. Camera lucida drawing (a) of type VI neuron. The arrows indicate to two dendritic spines which are also shown in 
photomicrograph (b). Two thin side branches indicated by arrowheads are also indicated by arrowheads in photomicrograph 
(c). Ax = Axon. × for drawing = 485. 
 

Table 1. Branching characteristics of dendrites of different neuronal types in the Gr. 

                  
Primary Secondary Tertiary                 Dendrite order 

 
 

Neuronal type 
R T R:T R T R:T R T R:T 

G
N=

0 - r Type I 
19 cells 

41 4 10.3 27 2 13.5 15 

Gr Type II 
N=51 cells 

143 9.5 113 16.1 48 - 

N=47 cells
89 3 29.7 64 2 32 26 0 - 

N=18 cells 
30 4 7.5 27 0 - 15 0 - 

15 7 0 

Gr Type III 
N=28 cells 

75 9 8.3 84 3 28 30 0 - 

Gr Type IV 
 

Gr Type V 
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Figure 10. Percentage distribution histograms of the diameters of different order dendrites in Gr. In each column, from top 
to bottom, are histograms of primary dendrites, secondary dendrites and tertiary dendrites. The bottom row demonstrates 
the overlap between the diameters of the three order dendrites. 
 

Type II Neurons: The branching pattern of the pri- 
mary dendrites in this type exhibited both radiating 
and tufted branching patterns (Table 1). The radiating 
branching pattern was more common than tufted one. 
The vast majority of the secondary dendrites and all of 
the tertiary dendrites had a radiating branching pattern. 
Wide range of variability of widths of dendrites of dif-
ferent order as well as of the same order was existed. The 
diameters of the first order dendrites range from 2 to 15 
µm, the diameters of the second order dendrites range 
from 1 to 9 µm and the diameters of the third order den-
drites range from 0.5 to 6 µm. Overlap of diameters of dif- 
ferent order neurons was clearly seen in this type (Figure 
10).  

Type III Neurons: The branching pattern of the pri-
mary dendrites in this type exhibited both radiating and 
tufted branching patterns (Table 1). The radiating bran- 
ching pattern was more common than tufted one. The 
vast majority of the secondary dendrites and all of the 
tertiary dendrites had a radiating branching pattern. The 
diameters of the first order dendrites range from 1 - 11 
µm, the diameters of the second order dendrites range 
from 0.5 - 6 µm and the diameters of the third order den- 

drites range from 0.5 - 4 µm. Overlap of diameters was 
found between primary, secondary and tertiary dendrites 
(Figure 10). 

Type IV Neurons: The vast majority of the primary, 
secondary and all of the tertiary dendrites had a radiating 
branching pattern (Table 1). The variability of widths of 
dendrites of different order as well as of the same order 
was also existed in this type but within narrower range 
compared with previous described types (Figure 10). 
The diameters of the first order dendrites range from 1 to 
7µm, the diameters of the second order dendrites range 
from 0.5 to 5 µm and the diameters of the third order 
dendrites range from 0.5 to 4 µm Overlap of diameters 
was found between primary, secondary and tertiary den-
drites (Figure 10). 

Type V Neurons: The vast majority of the primary, 
secondary and all of the tertiary dendrites had a radiating 
branching pattern (Table 1). The diameters of the first 
order dendrites range from 1.5 - 10 µm, the diameters of 
the second order dendrites range from 1 - 6 µm and the 
diameters of the third order dendrites range from 0.5 - 4 
µm. Overlap of diameters was also found between pri- 
mary, secondary and tertiary dendrites (Figure 10). 
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4. Discussion 

The dorsal fasciculi of the spinal cord are the chief path- 
ways for the conduction of proprioception (sense of posi- 
tion and movements) and tactile discrimination which 
reach the thalamus and ultimately the cortex after a relay 
at a bulbar level; the Gr and Cu. These nuclei were par- 
ticularly attractive targets for studying early stages of 
sensory processing in the somatosensory pathways [16]. 
In all species studied, these nuclei receive somatotopi- 
cally arranged primary afferent fibers, contain a repre- 
sentational map of the trunk and limbs, and give rise to 
the medial lemniscus, the fiber system that provides the 
fastest and more precisely organized somatosensory in- 
put to the thalamus [17-24]. 

To the best of our knowledge, this investigation was 
the first morphological and quantitative study done on 
the camel Gr using Golgi impregnation techniques. The 
Gr in other species have been studied using different tech- 
niques such as Nissl stain, Golgi impregnation, HRP, EM 
and immunocytochemistry. These studies provided dif-
ferent information about neurons in the Gr. However, 
several aspects of cell morphology remained unclear and 
limited. Most of the previous morphological studies of 
the Gr classified neurons according to soma size and 
shape. The Golgi method still the most suitable tool to 
study the morphological and quantitative features of neu- 
rons that mediate their functional activities. A through 

ve neuroanatomy. The present findings in camel con- 
fir

nd comparable size. Some of type III neurons in 
th

rable regarding to their soma shape, size, number of pri- 
mary dendrites and forms and distribution of dendritic 
appendages. They were small to medium spheroidal or 
triangulated neurons. They have three to four dendrites 
with spines and appendages along their courses. Inter- 
neurons in many areas of the central nervous system have 
been described as having small somata, infrequently bran- 
ching dendrites, dendritic appendages of different forms 
and locally branching axons [29]. This suggest that the 
type IV neurons in the camel and the small and medium 
neurons in the rat [25] were most probably interneurons. 
In the cat, similar neurons were found whose axons ram- 
ify locally and therefore, were classified as interneurons 
[30]. It is important to mention that, no somatic spines or 
thin dendritic side branches were reported for those neu- 
rons in the rat and cat [25,30]. Somatic spines and thin 
side dendritic branches were commonly found for the 
type IV in the camel in this study. This made the type IV 
in the camel more complex than their counterparts in the 
rat and cat. Type V neurons in the camel were similar to 
fusiform neurons found in the rat [25] and cat [31]. These 
neurons in the three species have two dendrites that ran 
in opposite directions with little or no branching. A com- 
bination of HRP and Golgi observations in the cat [31] 
suggested that these neurons were interneurons. Again, 
thin long side branches with spines were observed on the 
dendrites of these neurons in the camel but not in the r  
or cat. Unipolar cells described in the rat [25] diff

trusions and thin side branches were displayed for den- 

adiating and tufted branching patterns 
al

neu- 

description of morphological features of neurons in the 
Gr of the camel may shed some light on the role of this 
nucleus and contribute to our understanding of compara- 

slightly from type VI neurons in the camel. In the rat, the 
dendrites of these cells were smooth while spines, pro- 

ti
m and extend previous observations in other studied 

mammalian species (rat, cat) on the presence of hetero- 
geneous population of neuronal types in the Gr [25-28]. 
Both similarities and differences were found between 
neurons in the Gr of the camel and their counterparts in 
the rat and cat. 

The very large type I neurons with somata mean di- 
ameter about 60 µm found in the camel in this study was 
not reported in any previous study in the Gr For example, 
the largest neuronal type found in the rat have mean di- 
ameter about 25 µ [25]. Type II neurons in the camel 
were comparable to large neurons found in the rat [25]. 
These neurons of the two species have smooth dendritic 
trees a

is study have pyramidal-like shape and this made them 
similar to pyramidal neurons described in the rat [25]. 
The small cells of type IVa found in the camel were 
similar to small cells described in the rat [25]. In both 
species, these cells have poorly branching dendritic trees 
where dendrites divided only once or twice. Type IVb 
neurons in the camel were found to be similar to sphere- 
cal medium-sized neurons found throughout the Gr in the 
rat [25]. These neurons of the two species were compa- 

drites of this type in the camel. 
Somatic spines and appendages found for some neuro- 

nal types in the Gr of the camel in this study were not 
rep

at
er 

orted in previous Golgi or HRP studies of the Gr in 
other species. Furthermore, at EM level [2,32] the major 
component of the synaptic population of the Gr in the cat 
and snake was formed mainly by boutons on dendrites. 
The results of this study on the other hand, may indicate 
that, in the Gr. of the camel, both axo-dendritic as well as 
axo-somatic contacts might be expected. 

5. Quantitative Analysis 

This quantitative study was the first to be done for neu- 
rons in the Gr. It is important to know the frequency and 
distribution of the r

ong the dendritic trees. These two branching patterns 
affect the nerve impulse transmission in different ways 
[33]. The branching pattern analysis for all types of neu- 
rons in the Gr revealed that the radiating pattern was 
more common than the tufted one in primary, secondary 
and tertiary dendrites. Another interesting result from 
this study related to the wide overlap between widths of 
primary, secondary and tertiary dendrites of several 
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ronal types in the Gr. For instance, some of primary den- 

dritic spines, appendages 
an

 Angeles, 1969. 

[2]

drites had smaller widths than secondary or even tertiary 
branches. This finding indicates that at EM level, only 
the very large and very small dendrites (the dendrites 
outside the overlap range) can be identified as first order 
and third order dendrites respectively. 

6. Conclusion 

The present data indicate to very complex information 
processing that take place in the camel Gr. This was 
supported by the presence of a wide variety of neurons 
comprising a broad spectrum of somatic size and shape, 
dendritic density, dendritic branching pattern, somatic 
spines and appendages and den

d side branches. The presence of the very large type I 
neurons and the somatic spines and appendages in this 
study may suggest that, neurons in the camel Gr could 
have more complex synaptic relationships and more com- 
plex information processing comparing to their counter- 
parts in other species. Whether there is relationship be- 
tween the special characteristic camel's limbs and the 
diversity of the Gr neurons and their spines, appendages 
and side branches is difficult to determine in this mor- 
phological study. Furthermore, this study may provide a 
background for future EM, electrophysiological and im- 
munocytochemistry studies to clarify the exact role of the 
gracile nucleus. 
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