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Abstract 
A century after the death of Camillo Golgi, we publish the tran-
scription and a critical commentary of a letter he wrote in Feb-
ruary 1873 to his friend Nicolò Manfredi. In this letter, he an-
nounced for the first time the development of the reazione nera 
(black reaction), the histological staining technique that al-
lowed for the observation of the nerve cells’ silhouette and had 
a revolutionary impact on the development of neuroscience. 
The adoption of this technique by illustrious scientists such as 
Albert von Kölliker and Santiago Ramón y Cajal marked the 
beginning of a new era in neuroanatomical research, culminat-
ing in Golgi being awarded the Nobel Prize in 1906.
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On January 21, 1926, Camillo Golgi, the first Italian to win the Nobel Prize in 
Physiology or Medicine, passed away. He received this award in 1906 thanks to his 
development of a histological staining method—the ‘reazione nera’ (black reaction)—
that revolutionized the study of the nervous system1.
His death was met with deep emotion in his beloved Pavia, where flags were flown at 
half-mast at the University and on various public and private buildings. The participa-
tion of students, colleagues, friends, and local figures was soon joined by condolences 
from all over Italy, including the King, the Head of Government Benito Mussolini, 
and various prominent figures from the Italian political and scientific worlds. The 
civil funeral was held at the State’s expense, with an enormous public turnout. Thus 
concluded the life of a scientist whose discoveries had enabled substantial progress in 
the understanding of key chapters in biology and medicine.
A century after his death, we intend to publish here the full version of a letter - pre-
served at the Pavia University History Museum - which marks a fundamental mo-
ment in Golgi’s scientific life: the development of the black reaction (reazione nera). 
Moreover, the document reveals the network of friendships and connections that nur-
tured his passion for research from an early age, offering a vivid snapshot of life at the 
University of Pavia in the early years following Italy’s unification.
Golgi was born in Corteno (renamed Corteno Golgi in his honour) in 1843 and, fol-
lowing in the footsteps of his father, a district physician, he earned his degree in 
medicine from the University of Pavia in 18652. Upon completing his studies, he drew 
close to Cesare Lombroso (1835-1909)3, who directed, at the time, a hospital psychi-
atric ward, and subsequently to the histologist Giulio Bizzozero (1846-1901)4, who 
was three years younger than him but had already earned a solid university reputation. 
Thanks to the latter’s teaching, Golgi acquired excellent proficiency in microscopic 
technique and a rigorous method for investigating biological organisms.
After graduating, Golgi had established a good reputation as a histologist and was ap-
pointed as a private and unpaid lecturer for a course in microscopy at the University 
of Pavia between 1871 and 1872. In the latter year, he also obtained a position at the 
cryptogamic laboratory as a salaried researcher of the San Matteo Hospital, conduct-
ing research on cryptogamy applied to medicine. During those years, he reviewed 
significant international articles and, when Cesare Lombroso left the University of 
Pavia in 1871 to direct the neuropsychiatric hospital in Pesaro, Golgi was tasked with 
substituting him as the chief physician in the Hospital’s Insane Division (Divisione 
Alienati)5. However, this combination of appointments did not constitute a stable 
arrangement that would allow him to face the future with peace of mind. In 1872, 
urged by his father, he applied for the position of Chief Physician at the Pie Case 
degli Incurabili in Abbiategrasso. This was a vast hospital complex, established in the 
premises of a former Clarisse monastery and later expanded by acquiring a nearby 
Franciscan convent. Golgi’s father, Alessandro, had worked there previously and be-
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lieved that in such an environment his son could find the opportunity to practice his 
profession with satisfaction, while simultaneously achieving the financial stability he 
sought. Golgi won the competition and prepared to leave—perhaps somewhat reluc-
tantly—the roles he had held until then, though he delayed his starting date until a re-
placement could be found for him in the hospital’s psychiatric ward. On June 1, 1872, 
he arrived in Abbiategrasso, finding himself in charge of a hospital that housed—part-
ly free of charge and partly for a fee—over 600 chronic patients. These included in-
dividuals suffering from epilepsy, mutilation, paralysis, and rickets with severe bone 
deformities, as well as those with intellectual disabilities, dementia, and psychosis. 
Some patients were afflicted by conditions that could be perceived as repulsive. Given 
the circumstances, the Chief Physician was required to reside within the facility to 
provide overnight on-call service. In general, the role involved rounds, minor surgical 
procedures, administrative oversight of the organisation, the preparation of patient 
diet and dressing charts, death certifications, and the supervision of the pharmacy and 
staff. Golgi was professionally well-prepared for this work: he had gained experience 
in the surgical clinic of Luigi Porta (1800-1875)6, had deepened his knowledge of 
dermatology with Angelo Scarenzio (1831-1904)7 and his work with Lombroso had 
prepared him to manage the mental disorders affecting many of the inmates.
Under those circumstances, however, it was not easy to continue the research work 
he had begun in Pavia. In fact, although the regulations stipulated that medical staff 
should also engage in anatomo-pathological studies - performing autopsies, creat-
ing preparations for preservation, and reporting rare or interesting cases - scientific 
equipment was lacking. Furthermore, the administrative director was disinclined to 
divert funds from healthcare management and patient assistance to research activi-
ties8. Initially, therefore, Golgi adapted to the new situation, though he suffered from 
the interruption of the studies that had so captivated him in Pavia. He found comfort in 
the letters exchanged with old friends with whom he had shared a passion for research 
in his university city - in particular Giulio Bizzozero, Luigia Robolini del Majno, and 
Nicolò Manfredi (1836-1916), to whom he frequently confided the sense of inertia 
that caused him such distress9.
Manfredi was a native of Bosco Marengo, a small village in the province of Alessandria, 
which had also been the birthplace of Michele Ghislieri (1504–1572), who became 
Pope in 1566 under the name of Pius V. Manfredi descended from a noble family that 
included state officials of the Kingdom of Sardinia (Sardinia-Piedmont), as well as 
physicians and clergymen10. He graduated in medicine in 1860 from the University 
of Turin with a thesis dedicated to the Therapeutic Effects of Music. After graduation, 
he specialised in ophthalmology in Paris and then returned to Italy, initially working 
in Turin as a hospital assistant and publishing his first scientific work11. In 1865, he 
moved to the University of Pavia as an assistant in the ophthalmological clinic directed 
by Antonio Quaglino (1817-1894)12. In Pavia, Manfredi met a very young Bizzozero, 
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who in those years was rapidly advancing through his university career. Together, they 
undertook a study trip to Berlin, where Manfredi attended the clinic of the renowned 
ophthalmologist Albrecht von Graefe (1828-1870)13 for a time, and both frequented 
the laboratory of Rudolf Virchow (1821-1902)14, the great scientist and pioneer in the 
study of cellular pathology. Upon returning to Pavia, Manfredi applied himself to the 
histological study of the eyeball, working in the laboratory of experimental pathology, 
which had been founded in 1861 by Paolo Mantegazza (1831-1910)15 and later passed 
to the direction of Bizzozero. Manfredi could rely on the assistance (both in the oph-
thalmological clinic and the laboratory) of a student, Carlo Forlanini (1847-1918)16, 
who was skilled in drawing and helped him in producing detailed colour drawings of 
several patients’ ocular fundi17. Golgi had also been working in the laboratory of ex-
perimental pathology since 1867, and it was likely there that the two became friends 
as well as collaborators. Manfredi published several works - of particular note are his 
1868-69 studies on retinal glioma18 - which earned him a European reputation, to the 
extent that his name can be found in the most important biographical lexicons of Italian 
and German physicians published at the turn of the twentieth century.
On weekends, the two friends, who also shared a passion for music (Manfredi was a 
skilled violinist, while Golgi played the flute), would sometimes meet at Manfredi’s 
beautiful home in Bosco Marengo to perform in improvised concerts and discuss the 
latest developments in scientific thought. A few years later, in 1877, when Golgi mar-
ried Lina Aletti (1856–1940), Manfredi served as his best man19. 
Manfredi left Pavia in 1874 to take the chair of the ophthalmology clinic in Modena, 
where he remained for ten years until his transfer, as a full professor, to Pisa, where he 
founded the ophthalmology clinic20.
After Golgi had left Pavia, his relationship with Manfredi continued through an active 
correspondence. Golgi confided to his friend both his moments of discouragement 
and the hope and enthusiasm he began to feel when he was finally able to resume his 
research projects. He succeeded, in fact, in setting up a small laboratory in the kitchen 
of his apartment in Abbiategrasso, consisting essentially of a microscope and a few 
other instruments for preparing tissues21. Through his letters, Golgi attempted to stay 
updated on the scientific news published in the leading European journals. He dealt 
with infectious diseases (on the occasion of a smallpox epidemic), while his inter-
est in the nervous system and neurological pathology - born from his contact with 
Lombroso - grew, as did the hours spent at the microscope. At that time, the morpho-
logical study of the nervous system was limited not only by its complexity but also by 
the lack of appropriate methods for the differential staining of its various constituent 
elements. The practice involved an initial phase of tissue fixation, followed by embed-
ding, sectioning, and staining the sections with carmine and haematoxylin. However, 
these methods, useful for other tissues, were inadequate for the study of the nervous 
system. Golgi was aware of the need to try new paths and to find staining methods 
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different from those known until then22. He had previously prepared several samples 
using osmic acid and, while still in Pavia, had experimented with the use of potassium 
dichromate and silver nitrate. The latter was a reagent also employed in the emerging 
field of photography. In the experiments conducted at Abbiategrasso, Golgi replaced 
the traditionally used carmine and haematoxylin with silver nitrate and learned to use 
the various substances already tested in Pavia in the correct sequence. This was the 
true cornerstone of his methodological innovation. 
The procedure introduced by Golgi involved an initial fixation of the nervous tissue in 
potassium dichromate (2.5%) for a variable period, ranging from to 45 days or more, 
followed by a prolonged immersion in a silver nitrate solution (0.5-1%). This resulted 
in the precipitation of a salt—silver chromate—which impregnated individual nerve 
cells in black; all their processes stood out clearly against the yellow background 
of the potassium dichromate. This new staining method finally made it possible to 
highlight the morphology of the nerve cell. This method, which would later become 
known as the ‘black reaction’ (reazione nera), was described, as far as we know, for 
the first time in a letter that Golgi sent to Manfredi from Abbiategrasso on February 
16, 1873. Although this letter has been only occasionally cited until now, it has never 
been transcribed or analyzed in its entirety, despite being a fundamental document 
in the history of neuroscience. One hundred years after the death of Camillo Golgi, 
we present its first Italian transcription and English translation, along with a critical 
commentary. 

Fig. 1. Golgi during his stay in Abbiategrasso. Museo Golgi, ‘Camillo Golgi’ Museum - University Mu-
seum  System - Pavia University 
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The Letter of February 16, 1873
Italian version English version
Abbiategr 16/2/73
Caro Manfredi
sono costretto a valermi delle poste avendomi il corriere 
dichiarato che non accetta lettere23.
Vengo da Lei, come al solito, e pregando di volersi as-
sumere alcuno broglio per mio conto.
Innanzitutto le faccio preghiera di darmi dettagliate sue 
notizie, della sua famiglia, del laboratorio, dei frequenta-
tori del laboratorio, di Lombroso24, di donna Gina25. Di 
quest’ultima è molto tempo che non le odo, voglia farle 
una visita recandole i miei omaggi.
Mi dica qualche cosa de’ suoi lavori. Ora io ho ripresa la 
lena che da varii mesi aveva perduta, lavoro molte ore al 
microscopio. Sono felice d’aver trovato una nuova reazi-
one per dimostrare anche agli orbi la struttura dello stro-
ma interstiziale26 della corteccia cerebrale. Faccio agire il 
nitrato di argento sui (nei?) pezzi di cervello induriti in 
bicromato di potassio (potassa?). Ho già ottenuto risultati 
assai belli e spero di ottenerne di più.
Ho studiato gli occhi del porco col metodo solito del bi-
cro ma non sono riuscito a dimostrare lo strato interme-
dio quale lo si osserva nel cavallo.

Abbiategr 16/2/73
Dear Manfredi
I am forced to make use of the postal service, as the cou-
rier has informed me that he does not accept letters.[23] I 
come to you, as usual, and praying that you might take on 
some trouble on my behalf.
First of all, I beg you to give me detailed news of your-
self, of your family, of the laboratory and those who fre-
quent it, of Lombroso[24], and of Donna Gina[25]. I have 
not heard anything of the latter for a long time; please 
pay her a visit and convey my respects to her.
Tell me something of your own work. Now I have re-
gained the drive that I had lost for several months; I work 
many hours at the microscope. I am delighted to have 
found a new reaction to demonstrate, even to the blind, 
the structure of the interstitial stroma[26] of the cerebral 
cortex. I let the silver nitrate react on the pieces of brain 
hardened in potassium dichromate. I have already ob-
tained quite beautiful results and hope to obtain more.
I have studied the eyes of the pig with the usual method 
of dichro. but I have not succeeded in demonstrating the 
intermediate layer as it is observed in the horse.

Fig. 2. Letter from Camillo Golgi to Nicolò Manfredi, February 16, 1873 (excerpt). Pavia University 
History Museum - University Museum  System - Pavia University 



The “Black Reaction” a Century After Golgi’s Death 53

Ha veduto sul Centralblatt l’estratto del nostro lavoro?27

Potrebbe spedirmi alcuni grammi di nitrato d’argento 
cristallizzato e del bicromato di potassa?
Se ciò è possibile la pregherei di farlo in giornata perché 
ne sono sprovveduto.
Includo nella presente alcuni grammi di Bicromato di 
Ammoniaca pregandola di volerne fare una soluzione 
all’uno per 100 e nel quale vorrei ella immergesse del 
cervello, cervelletto e midollo spinale di cavallo pos-
sibilmente tratti da animale appena ucciso. Il cervello e 
cervelletto sarebbero da tagliarsi in piccoli pezzi del d.o 
di 2 cent. quadrati lasciandovi aderente la pia madre. Il 
midollo spinale tagliato trasversalmente in corti segmenti. 
Se le è possibile faccia altrettanto con una abbondante 
soluzione di bicromato di potassa (soluz. abbond.e con 
piccoli pezzi [parola non identificata] nel bicr. Am.o).
Tutti qti fastidi potrebbe darli al Gariboldi28 od al Carlo29. 
Tenga nota di tutte le spese - comprese le mancie - che io 
la rimborserò. Appena ella fosse riuscita ad avere i pezzi 
me li spedisca in giornata col solito corriere. Mi scusi 
de i tanti fastidi di cui Le sono causa e della forma inde-
cente di questa lettera. Scrivo di tutta fretta all’oscuro. 
L’abbraccio col maggior affetto e coll’ansietà d’avere sue 
notizie mi dico il sempre suo affez. 
Golgi

Have you seen the abstract of our work in the 
Centralblatt?[27] Could you send me a few grams of 
crystallized silver nitrate and some potassium dichro-
mate? If possible, I would beg you to do so today, as 
I am without any. I am enclosing with this letter a few 
grams of Ammonium Bichromate, asking you to please 
make a one percent solution, in which I would like you to 
immerse some horse brain, cerebellum, and spinal cord, 
possibly taken from a freshly slaughtered animal. The 
brain and cerebellum should be cut into small pieces of 
about 2 square cm, leaving the pia mater attached. The 
spinal cord should be cut transversely into short seg-
ments. If you can, please do the same with an abundant 
solution of potassium dichromate (abundant solution 
with small pieces in Ammonium bichromate).
All these hassles could be assigned to Gariboldi[28] or 
to Carlo[29]. Keep a record of all expenses- including 
tips - and I shall reimburse you. As soon as you have 
succeeded in obtaining the specimens, send them to me 
within the day by the usual courier. Forgive me for the 
many troubles I am causing you and for the indecent state 
of this letter. I am writing in great haste, in the dark. I 
embrace you with the greatest affection and, in the anxi-
ety of hearing your news, I remain ever your affectionate 
Golgi

The Publication of Results
Golgi’s achievement was announced in a brief note titled Sulla struttura della sos-
tanza grigia del cervello (On the structure of the brain’s grey matter), published on 
August 2, 1873, in the Gazzetta Medica Italiana – Lombardia30. In this work, Golgi 
presented the preliminary results he had obtained by applying the black reaction to 
various nervous structures (cerebellum, spinal cord, cerebral cortex). No illustrations 
were included in the paper31. From that moment on, Golgi, who had immediately 
grasped the significance of his achievement, intensified his research and the refine-
ment of the method. Starting from the late 1880s, the leading neuroanatomists and 
neurohistologists adopted this technique. The conviction that Golgi’s accomplish-
ment had ushered in a new era in nervous system investigations is attested by Rudolf 
Albert von Kölliker (1817-1905), who went so far as to divide his neurohistological 
studies into research conducted with the Golgi method and research conducted with 
other methods32.
Thirty-three years later, Golgi would be awarded the Nobel Prize specifically for this 
fundamental scientific contribution.
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