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Chapter 5

How many spinothalamic tract cells are there?
A retrograde tracing study in cat

Esther-Marije Klop, Leonora J. Mouton and Gert Holstege

Neurosci. Lett.; 360(3): 121-124 (2004)

ABSTRACT
The spinothalamic tract, well known for its role in nociception, is the most frequently studied 
ascending pathway originating from the spinal cord. It is known that spinothalamic neurons 
are located in all segments of the spinal cord, but in most mammals the total number of 
spinothalamic neurons is not known. 
In three cats, after large WGA-HRP injections involving all parts (one case) or almost all parts 
of the thalamus (two cases), the number of retrogradely labeled profi les was counted in a 1:4 
series of sections of all spinal segments from C1 to Coc2. After applying the correction factor 
of Abercrombie (1946), it appears that a total of 12,000 cells in the spinal cord project to the 
thalamus.

INTRODUCTION
The spinothalamic tract is the most well known pathway for the conduction of 
nociception, temperature and crude touch. Anatomical retrograde tracing studies in 
rat, cat and monkey have shown that many spinothalamic neurons exist throughout 
the length of the spinal cord (see Willis and Coggeshall, 1991, for review). Their total 
number has been estimated to be approximately 9500 in rat (Burstein et al., 1990b) 
and 18235 in monkey (Apkarian and Hodge, 1989a). These numbers are based on 
counts of retrogradely labeled cells in all segments of the spinal cord after large 
thalamic injections. Although the cat is often used in studies on the spinothalamic 
tract, in this animal a similar estimation, based on countings of all spinal segments, 
does not exist, which led to the present study. 

MATERIALS AND METHODS
In three adult cats (2517, 2529 and 2547), anesthetized with an initial injection of 
ketamin and xylazine, followed by halothane with O2 and N2O ventilation, large 
thalamic injections of 2.5% wheat germ agglutinin-conjugated horseradish peroxidase 
(WGA-HRP) in saline were made stereotaxically (Table 1), using a Hamilton syringe. In 
a fourth (control) case (2578), an injection of 30nl WGA-HRP was made in the nucleus 
of Darkschewitsch, using a glass micropipette. Following survival times of 65-96 hours 
(Table 1), the animals, after an initial injection of ketamin and xylazine, and an 
overdose of pentobarbital, were perfused transcardially with 1.5 liters of 0.9% saline, 
immediately followed by 1.5 liters of 0.1M phosphate buffer (pH 7.4), containing 4% 
sucrose, 1% paraformaldehyde and 2% glutaraldehyde. Subsequently, the brains 
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and spinal cords were removed, post-fi xed for two hours and stored overnight in 25% 
sucrose in phosphate buffer at 4°C, after which the brain and all spinal segments were 
cut into 40µm transverse frozen sections. Of these, every fourth section was incubated 
according to the tetramethyl benzidine (TMB) method. Of the thalamus and midbrain 
an extra series was incubated with diaminobenzidine (DAB) in order to defi ne the 
injection site. To determine the number of labeled neurons in the spinal cord, in each 
case retrogradely labeled profi les were plotted and counted in all processed sections 
of every spinal segment. A profi le was considered a retrogradely labeled cell if at 
least part of the labeled soma as well as a dendrite or axon was discernable. Labeled 
profi les in the dorsal column nuclei (DCN) and lateral cervical nucleus (LCN) were not 
included in the counts. 

RESULTS
In case 2529 the injection site covered the complete thalamus, but in case 2517 the 
most medial part and in case 2547 the most lateral part of the thalamus escaped the 
injection site (Fig. 1). In cases 2529 and 2547 the injection sites extended caudally into 
the mesencephalon, including the nucleus of Darkschewitsch. Since this nucleus is 
known to receive spinal afferents, the total number of cells found in cases 2529 and 
2547 might be an overestimation of the number of spinothalamic cells. Therefore,  in 
control case 2578 an injection was made in the nucleus of Darkschewitsch, with very 
limited spread to the laterally adjoining tegmentum (Fig. 1). 
In all thalamic cases many strongly labeled profi les were found in all laminae throughout 
the length of the spinal cord except lamina IX, but predominantly in laminae I and V-
VIII. In case 2517 the cat was allowed a slightly longer survival time (96 instead of 65 hrs) 
to ensure that the tracer reached the most caudal spinal cord. Since similar numbers 
of labeled profi les were found in the caudal spinal segments in all three cases, 65 hrs 
proved to be a suffi ciently long survival time to retrogradely label all spinothalamic 
cells. In case 2517, with the 96 hrs survival time, but not in the other two cases, many 

Table 1. Detailed information on the number of injections, injected volumes and survival times 
per case. Coordinates are according to the atlas of Berman and Jones (1982). AP, anterior-pos-
terior; DV, dorsal-ventral; LM, lateral-medial.

 total  number range of       
 volume of  of  volume per      survival 
case WGA-HRP (µl) injections injection (nl)        coordinates time (hrs)

2517 14.7 45 100-500 AP 6.0  -  12.0 96
    DV 0.5  -  6.0  
    LM 1.0  -  9.0  
2529 13.8 45 100-500 AP 6.0  -  12.0 65
    DV 0.5  -  6.0  
    LM 1.0  -  9.0  
2547 4.3  21 100-400 AP 7.0  -  12.0 66
    DV 0.8  -  5.0  
    LM 0.0  -  3.8  
2578 0.03 1 - AP 6.4   72
    DV 0.8    
    LM 0.8    
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Figure 1. Schematic drawings of the injection sites. The core of each injection site is shown in 
dark gray, the halo in light gray. Needle tracks are indicated in black. Because of its small extent, 
the injection site in case 2578 is also shown at a larger magnifi cation. 

very weakly labeled cells were found in laminae III and IV on the contralateral side 
in the cervical and, to a lesser extent, lumbar enlargements. It was assumed that 
these weakly labeled profi les were the result of transsynaptic transport via the heavily 
labeled neurons in LCN and DCN, which are known to receive strong projections from, 
almost exclusively, cells in laminae III and IV (Rustioni and Kaufman, 1977; Craig, 1978). 
These weakly labeled profi les in laminae III and IV were not included in the counts. 
Table 2 presents the numbers of labeled profi les found in the C1-Coc2 spinal cord 
in each case in a 1:4 series of sections. In order to estimate the total number of 
labeled neurons in each case, it is not permitted to simply multiply the counted 
number of profi les from the 1:4 series of sections by four, because it would lead to 
an overestimation (Coggeshall and Lekan, 1996). The number of counted profi les, 
therefore, was not only multiplied by four, but also by Abercrombie’s (1946) correction 
factor, defi ned as M/(M+L); (M = thickness of the section, L = rostrocaudal length of 
the neurons counted).

          
     
case  counted N estimated N counted N estimated N counted N estimated N  
  total total contralateral contralateral ipsilateral ipsilateral 

2517 thalamus 4584 10397 3157 7160 1427 3236 
2529 thalamus 6082 13794 4299 9750 1783 4044 
2547 thalamus 4923 11165 3298 7480 1625 3686 
2578 Darksche 750 1701 502 1139 248 562 
 witsch

Table 2. Number of counted profi les (counted N) and estimated number of labeled neurons 
(estimated N) after multiplying the number of counted profi les with four as well as with the cor-
rection factor 0.567 (see text) per case after WGA-HRP injections into the thalamus or midbrain.
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CONCLUSION
In the present study, in which section thickness (M) was 40µm, a correction factor of 
40/(40+30.5)= 0.567 was applied. To calculate L, diameters of somata of labeled cells 
were measured in the laminae that contained the majority of the labeled neurons 
(V-VIII). It was assumed that these neurons were spherical, which made it possible to 
measure the diameters in transverse sections. The mean lengths were 30.1µm in lamina 
V, 26.2µm in lamina VI, 35.0µm in lamina VII and 25.3µm in lamina VIII.  With respect to 
lamina I, the cells of which are known to have a specifi c rostrocaudal orientation, the 
mean of the measurements of two cat studies was taken (Zhang et al., 1996; Galhardo 
and Lima, 1999). They respectively found lamina I neurons in the rostrocaudal plane 
to measure 32µm and 40µm. Using 36µm as the mean rostrocaudal length for lamina 
I cells, together with the mean for each of the other laminae (laminae V-VIII) resulted 
in an L of 30.5µm.
Using this method, the total estimated number of labeled neurons (estimated N, Table 
2) was 10,397 in case 2517, 11,165 in case 2547 and 13,794 in case 2529. Approximately 
one third of all spinothalamic neurons was found ipsilaterally. Especially the large 
group of thalamus projecting cells in the C1-C4 segments (Comans and Snow, 1981) 
is thought to be the major contributor to this ipsilateral projection. 
Although the injection site in case 2517 was limited to the thalamus, it cannot be 
concluded that only 10,397 spinal neurons project to the thalamus, because the 
injection site did not extend into the most medial parts of the thalamus. Also in case 
2547 the injection site did not cover the entire thalamus, meaning that also in this case 
not all spinothalamic cells were labeled. In two cases (2529 and 2547), the injection 
sites extended ventrally into the dorsal hypothalamus, which could have resulted in 
labeled spinohypothalamic neurons. Katter et al. (1991), after injections covering 
large parts of the hypothalamus, found only 440 neurons in their most effective case 
in a 1:2 series of sections in 17 segments. Because the injection sites in 2529 and 2547 
only extended into the hypothalamic area to a limited extend, it is assumed that only 
a small portion of the labeled cells in these cases might have been labeled from the 
hypothalamus. In these two cases (2529 and 2547), the injection sites also extended 
caudally into the transition zone between the rostral midbrain and caudal thalamus. 
This area involves anterior and posterior pretectal nuclei as well as the nucleus of 
Darkschewitsch, which has been described as the main receiver of spinal projections 
at this level (Björkeland and Boivie, 1984; Yezierski, 1988). In the control case (2578) 
an estimated number of 1701 spinal neurons was found to project to Darkschewitsch 
nucleus. Subtracting these 1701 neurons from the estimated 13,697 neurons found in 
case 2529, leads to 12,093 spinothalamic neurons. In case some of the labeled profi les 
found in case 2578 represent spinothalamic neurons with collaterals to the nucleus of 
Darkschewitsch, the 12,000 spinothalamic neurons would be an underestimate.  
Wiberg and Blomqvist (1984b) estimated the total number of spinothalamic neurons in 
cat at 10,000. However, this was a very rough, not substantiated, estimate, because in 
none of their four cases, the injection sites were properly described, and only 7 out of 
33 spinal segments were studied, which were not the same segments in each case. The 
numbers of spinothalamic neurons in the 26 remaining segments were calculated by 
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interpolation. Of the segments studied by Wiberg and Blomqvist (1984b), retrogradely 
labeled neurons were counted in every other section, or in every tenth section in 
the upper cervical cord. No correction factor was applied and numbers were simply 
multiplied by two or ten, respectively. Applying the calculation methods of Wiberg 
and Blomqvist (1984b) to the numbers of spinothalamic cells found in the present 
study, would result for case 2529 in an estimated number of 24,328 labeled neurons.
Our results, based on counting the labeled profi les in every segment of the spinal cord, 
and using a correction factor, indicate that the number of spinothalamic neurons in 
the cat is higher than the 9500 in rat found by Burstein et al. (1990b), who also applied 
a proper correction factor. At fi rst glance our estimate is clearly lower than the 18,235 
spinothalamic neurons in primate found by Apkarian and Hodge (1989a). As in the 
study of Wiberg and Blomqvist (1984b), in the primate study no correction factor was 
used, which means that their number of 18,235 is a clear overestimation. On the other 
hand, the injection in the one case in which all segments were processed in Apkarian 
and Hodge’s study (1989a) did not involve all parts of the thalamus, which would 
have resulted in an underestimation. The total number of spinothalamic neurons in 
monkey, therefore, remains to be determined. 
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