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The Golgi method and Bioenno’s superGolgi Kit 
 
The Golgi method is elegant in its simplicity, staining the tiny spines that extend from the dendrites of 
neurons and make synaptic connections with passing axons. The method has been fruitful to numerous 
scientists in the laboratory and clinic since its introduction. The Golgi method including the original and its 
modifications can be grouped into two main categories: the silver “rapid Golgi” and the mercuric “Golgi-
Cox method”, based on the metallic salts used and the impregnation time that took place (e.g. Rosoklija 
et al., 2003; de Castro et al., 2007).  
 
In 1873, Camillo Golgi introduced the silver impregnation method in which potassium dichromate and 
silver nitrate were used to stain the neural cells, including the axon and the dendrites of neurons. By 
using the silver Golgi method, Santiago Ramón y Cajal was able to describe the cellular structure of the 
vertebrate nervous system (Ramón y Cajal et al., 1999; López-Muñoz et al., 2006). To acknowledge their 
contributions to formulating the foundation of modern neuroscience, Golgi and Cajal were jointly awarded 
the Nobel Prize in Physiology or Medicine in 1906.  
 
The principle of the Golgi method is based on the crystallization of silver chromate (Ag2CrO4), a brown-
red monoclinic crystal. However, the exact mechanism by which individual neurons are selectively 
impregnated still remains obscure. As silver impregnation is notoriously unpredictable (Pasternak and 
Woolsey, 1975; Friedland et al. 2006), modifications have therefore been performed to improve the 
reliability of the original method. Among the modifications, the Golgi-Cox method described by Cox in 
1891 is widely used, in which a mixture of potassium dichromate and mercuric chloride is used instead of 
silver nitrate, followed by a photographic development like procedure. The impregnation generally takes 2 
to 4 weeks, and the black deposit in impregnated neurons has been suggested to be mercuric sulphide 
(Stean, 1974). This modified method is particularly useful for tracing dendritic branches and quantitating 
dendritic spines.  
 
New techniques including intracellular labeling and transfection of fluorescent protein (e.g. GFP, YFP) 
have become increasingly attractive for neuroscientists to study the dendritic structure and function, but 
none of these methods even come close to matching the overview of whole brain regions that the Golgi 
method can provide. The fact remains that even after one century of its introduction, the Golgi method is 
increasingly used, not only in neuroanatomy studies, but also in studies exploring the relationships 
between morphology and behavior (e.g. Williams et al., 1980; Gibb and Kolb, 1998; Robinson and Kolb, 
1999; Kolb et al., 2003; Bustamante et al., 2010; Pascual et al., 2010; Ivy et al., 2010). Furthermore, 
scientists are continuously improving the reliability and sensitivity of the method. For example, lithium 
hydroxide (LiOH)(Zhang et al., 2011) and autometallographic (AMG) enhancement (Orlowski and 
Bjarkam, 2009) have been recently employed in the development of the Golgi-Cox impregnated neurons.  
 
The Golgi method has been treated as the primary technique to visualize dendrites and dendritic spines, 
because of the beautiful visualization of individual dendritic arbors and its many advantages, such as 
lower cost, ease of use, lack of need of transgenic animals or special equipment.  
 
Based on the principles of original and modified Golgi methods, Bioenno Tech LLC developed a 
superGolgi Kit, an enhanced and rapid Golgi-Cox impregnation and staining system. In the Kit, a refined 
Golgi-Cox solution and an enhanced developer of impregnated neurons are included. The Kit has been 
extensively tested on brain tissues from infants to adult animals, yielding isolated dendritic arbors with a 
very clear background. The Kit is optimal for impregnation of dendritic spines, and excellent for ensuring 
the staining of entire dendritic trees. In addition, the Kit has the following features: 
 

 Reliable labeling of dendrites and dendritic spines;  

 Refined Golgi-Cox solution is stable for more than 18 months;  

 Short impregnation time needed, only 1 to 2 weeks;  

 Optimal for freshly harvested brain tissues;  

 Sufficient for 10-12 blocks of brain tissue (size in ~1×1×2 cm); 

 Streamlined staining protocol and lower cost.  
 

 



- 2 - 

 

 
 

References:  
 

Bustamante C, Bilbao P, Contreras W, Martínez M, Mendoza A, Reyes A, Pascual R. Effects of prenatal 
stress and exercise on dentate granule cells maturation and spatial memory in adolescent mice. Int J Dev 
Neurosci 2010, 28: 605–609.  
 
de Castro F, López-Mascaraque L, De Carlos JA. Cajal: lessons on brain development. Brain Res Rev 
2007, 55: 481–489.  
 
Friedland DR, Los JG, Ryugo DK. A modified Golgi staining protocol for use in the human brain stem and 
cerebellum. J Neurosci Methods 2006, 150: 90–95. 
 
Gibb R and Kolb B. A method for vibratome sectioning of Golgi-Cox stained whole rat brain. J Neurosci 
Methods 1998, 79: 1–4.  
 
Ivy AS, Rex CS, Chen Y, Dubé C, Maras PM, Grigoriadis DE, Gall CM, Lynch G, Baram TZ. Hippocampal 
dysfunction and cognitive impairments provoked by chronic early-life stress involve excessive activation 
of CRH receptors. J Neurosci 2010, 30: 13005–13015. 
 
Kolb B, Gorny G, Li Y, Samaha AN, Robinson TE. Amphetamine or cocaine limits the ability of later 
experience to promote structural plasticity in the neocortex and nucleus accumbens. Proc Natl Acad Sci 
USA 2003, 100: 10523–10528.  
 
López-Muñoz F, Boya J, Alamo C. Neuron theory, the cornerstone of neuroscience, on the centenary of 
the Nobel Prize award to Santiago Ramón y Cajal. Brain Res Bull 2006, 70: 391–405.  
 
Orlowski D and Bjarkam CR. Autometallographic enhancement of the Golgi-Cox staining enables high 
resolution visualization of dendrites and spines. Histochem Cell Biol 2009, 132: 369–374.  
 
Pasternak JF and Woolsey TA. On the “selectivity” of the Golgi-Cox method. J Comp Neurol 1975, 160: 
307–312.  
 
Ramón y Cajal S, Pasik P, Pasik T. Texture of the nervous system of man and the vertebrates, vol 1. 
Springer, Wien; 1999, New York.  
 
Robinson TE and Kolb B. Morphine alters the structure of neurons in the nucleus accumbens and 
neocortex of rats. Synapse 1999, 33:160–162.  
 
Rosoklija G, Mancevski B, Ilievski B, Perera T, Lisanby SH, Coplan JD, Duma A, Serafimova T, Dwork 
AJ. Optimization of Golgi methods for impregnation of brain tissue from humans and monkeys. J Neurosci 
Methods 2003, 131: 1–7. 
 
Stean JP. Some evidence of the nature of the Golgi-Cox deposit and its biochemical origin. 
Histochemistry 1974, 40: 377–383.  
 
Williams RS, Hauser SL, Purpura DP, DeLong GR, Swisher CN. Autism and mental retardation: 
neuropathologic studies performed in four retarded persons with autistic behavior. Arch Neurol 1980, 37: 
749–753.  
 
Zhang B, Li A, Yang Z, Wu J, Luo Q, Gong H. Modified Golgi-Cox method for micrometer scale sectioning 
of the whole mouse brain. J Neurosci Methods 2011, 197: 1–5.  
 


