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Mind as matter: the brain on display

A new exhibition shows that there is nothing grey about the 1.3kg of inscrutable cells that fill the human head
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Not so grey: this cast of blood vessels in the brain is made from resin Photograph: Wellcome Collection

In the quest for its secrets, the brain has been bored into, dissected, chemically modified, shocked and, in recent years, imaged using increasingly sophisticated technology. The Wellcome Collection's new exhibition "asks not what brains do for us, but what we have done to brains". All kinds of uses and abuses of the brain are featured: from the pioneers of brain surgery and neurology, the quacks of phrenology and the attempts to justify racism and sexism in terms of brain size, through to contemporary artistic responses to this maddeningly inscrutable 1.3kg lump of matter.
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Inevitably, this history of our explorations beneath the skull has a gruesome side. There are videos of electroconvulsive therapy in which the patient jerks horribly and is gagged to stop him swallowing his tongue. In contrast, a video of the making of brain slices at Hammersmith hospital is clinical in the best sense: orderly and respectful.

Surgery is a word that we associate with brains today, but it was not before millennia of crude tampering – the exhibition has a bronze age skull from Jericho with four holes drilled into it – that the modern era began with the American surgeon Harvey Cushing (1869-1939). A model physician, Cushing was also an artist and a writer, and the photographs of him at work with his patients radiate the calm spirit of expert and compassionate medicine.

Accurate anatomical study of the brain began in the renaissance, when the religious taboo against dissection was relaxed, and the exhibition includes an edition of Andreas Vesalius's De humani corporis fabrica, published in 1555. But no great insight into the brain's function emerged until the late 19th century, when the localisation of faculties began to be documented, and the fine structure of the brain remained elusive until the early 20th century.

The exhibition suddenly bursts into revalatory colour with the work of the Spanish neurologist Santiago Ramón y Cajal (1852-1934). He was an artist before becoming a neurologist, and by staining brain tissues was able to explore their fine structure. He discovered the individual brain cell, the neuron, and its myriad filigree connections. Ramón y Cajal referred to the visual realms he explored in his drawings of neurons as "the garden of neurology", and his slides and drawings are reminiscent of Paul Klee at his most spiderish.

Ramón y Cajal's technique has now been superseded by the use of fluorescent proteins, and a team at Harvard has created the so-called "Brainbow mouse", a rodent that has been genetically modified in such a way that its neuronal arrays appear in a multitude of colours like a rainbow. The results are undoubtedly striking, resembling the spangled tilework of the Austrian artist Friedensreich Hundertwasser.

There are several pieces of contemporary artwork inspired by the brain, and the most playful is Daniel Margulies and Chris Sharp's Untitled, which essays the effect of Stravinsky's The Rite of Spring and Kant's 3rd Critique on the human brain using magnetic resonance imaging approach. Waves of colour wash over the brain folds of a person contemplating philosophy and dramatic music. This is either the fulfilment of the synaesthetic dream of turning music into colour harmonies or a glorious spoof.

Despite the exhibition's disclaimer, having contemplated the brain as an object one can't help moving on to speculate about its mode of operation. The exhibition announces at the outset that the brain "cannot be transplanted", and this is a clue: most organs can be, because the chemical signals that regulate them are the same in all of us. But our brains embody personal history.

In Citizen Kane, the name of the protagonist's childhood sledge, "Rosebud", had enormous significance for him. Even if a transplant were physically possible, and a brain with such memories could be transferred to another individual, this word would mean nothing to the recipient because the brain works only in cahoots with the organs: the neural pathways would involve the nerves and muscles that were implicated in the protagonist's particular reason for memorialising that word. Similarly, the recipient's functioning store of knowledge and memories would find no pathways in the new organ; even if the brain were able to maintain the automatic processes, it would be a blank slate with no hope of making new meaningful connections. The way information is coded in the brain can only be deciphered by that particular brain.

There has been a fetishistic cult of collecting the brains of the eminent and infamous, and several are on display here, including those of Einstein, the 19th-century computer pioneer Charles Babbage, the American suffragette Helen H Gardener and the murderer William Burke. But "there's no art to find the mind's construction in the face", as Shakespeare pointed out, and even less can it be found in the gross anatomy of the brain.

A problem-solving mind such as Einstein's isn't a genius machine locked into a skull but a delocalised network of ideas stretching across the world's scientists, institutions, research papers and stray observations. But with the increased incidence of Alzheimer's and other forms of dementia, the collection of brain samples is now a valuable resource, because they can be analysed biochemically and genomically rather than simply gazed at.

We are always hoping to understand consciousness and the brain, and progress is being made. Two adjacent exhibits make the point vividly. A grainy video from 1975 shows the first EMI computerised tomography (CT) brain scanner in operation. It was a great breakthrough in its time, but next to it is a 2011 video produced by the Setred MD20 3D screening unit. This synthesises CT, MRI and ultrasound images to provide a stunning holographic picture of the interior of the brain. Presumably an exhibition like this decades from now will depict advances that we can barely imagine today.

The problem with focusing on the physical matter of the brain is that, like our electronic machines, it functions as a universal computer. A universal computer can be made using any kind of switch: Alan Turing's original proposal for a universal computing machine specified paper tape; Brian Cox recently explained how a computer can work with simple water valves. Being flesh and blood, our universal computer has to use living cells, but in a universal computer/brain the kind of switch is almost irrelevant so long as it is small and fast. And, in the case of the human brain, very connected. Our brains have around 1,000 trillion connections.

We can make too much of the brain/computer analogy, but it has its uses. Computers are controlled by software and software doesn't have much in common with the electronic properties of silicon, however much it ultimately depends on them (it needs electricity too, but you won't find any computer code in a 3-pin plug). What we are seeking in our quest for the secret of the brain is not the biological equivalent of the silicon chip – which is of course the individual neuron – but the living equivalent of software.

