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Cocaine, the first true local anaesthetic, is derived from the leaves of the coca plant with its current therapeutic indications dwindling to a few ear, nose and throat procedures [1]. Today, its main use is as a drug of misuse, being the second commonest drug of misuse amongst adults aged 16–59 years in England and Wales [2]. However, it was not always just a drug of abuse and was favourably used by physicians in the past as an effective, and for some time the only, local anaesthetic.

History has revealed that occasionally, there can be a significant delay between a medical discovery and the recognition of its true therapeutic applications by medical practitioners. Joseph Priestley (1733–1804) identified nitrous oxide in 1772, but it was not until the 1840 that Dr Horace Wells (1815–1848) would utilise its medicinal properties in dental anaesthesia [3,4]. Ether was discovered by Valerius Cordus in 1540 [5], and it was nearly 300 years, in 1846, before William Morton (1819–1868) promoted its anaesthetic application [6]. Both nitrous oxide and ether were initially used and abused in ‘laughing gas parties’ [7] in Britain and ‘ether frolics’ [8] in the United States, respectively. However, these very same parties permitted individuals to self-experiment and discover the potential therapeutic side-effects of these drugs and help promote their potential for medicinal application. This common theme amongst anaesthetic drug discovery is also seen in the story of cocaine.

Discovery

Cocaine is an ester-linked local anaesthetic alkaloid derived from the leaves of Erythroxylon coca, a shrub indigenous to Peru and Bolivia [1]. The stimulant effects of coca leaves were long appreciated by the ancient Incan people, thousands of years before the Spanish arrival in South America in the 16th century [9]. For the Andean people, it had two uses: first, a cultural symbol reserved for the societal elite, and second, its medicinal properties – when chewed it provided pain relief and a stimulant for work and as a tea it was used for gastrointestinal upset.

Early documentation of its local anaesthetic benefits came from a Jesuit missionary, Bernabé Cobo (1582–1657), who was persuaded to chew on coca leaves to successfully alleviate his toothache instead of extracting the healthy tooth [10]. Italian neurologist Paolo Mantegazza (1831–1910) introduced coca leaves to the modern scientific community in 1858 and endorsed its use after observing its effects on the coca chewing South Americans [9]. The recognised medical benefit of coca leaves and its commercial potential led to a desire to extract and refine the active component [9].

Using ethanol as an extraction solvent, the tropane alkaloid, cocaine can be successfully extracted from raw coca leaves. The compound was first isolated in 1855 by Friedrich Gaedcke (1828–1890) and termed it as ‘erythroxyline’. Albert Niemann (1834–1861) purified his compound in 1860, published his findings in his PhD dissertation ‘Über eine neue organische Base in den Cocablättern’ and called the substance ‘cocaine’ [9,11].

Popularisation

After 1860, there was little interest in the anaesthetic application of cocaine. During the following two decades, experiments concentrated on the neurological and physiological effects of the drug and failed to recognise the therapeutic potential of its noted ‘numbing’ effect [12]. Cocaine’s rise in popularity is thanks to a Corsican called Angelo Mariani (1838–1914), the world’s first cocaine millionaire, with his popular tincture – coca wine or ‘Vin Mariani’. Mariani came from a long line of physicians and chemists and was a habitual user of coca, convinced of its potential health benefits [13]. His interest in coca began following his reading of Mantegazza’s publication [14]. He found that the most potent leaves were also the most bitter and, in an attempt to improve their taste, mixed them with Bordeaux wine. This mixing not only made consumption more palatable but also furthered the ethanol extraction of the active alkaloid, thus creating a more potent solution [11].

His ‘Vin Mariani’ was introduced in 1863 and proved to be extremely popular, eventually being sold world-wide [13]. He recommended his tincture as a cure-all for ‘children and persons in delicate health’ with the usual dose of ‘one wine-glassful about an hour before or immediately after each meal; for children, half the quantity’ [15]. He was not the first individual to sell coca wine, but he was the most successful due to an extremely effective advertising campaign that amassed a vast celebrity following and endorsement [16]. He had the support of international personalities such as Thomas Edison, Queen Victoria, Arthur Conan Doyle and even Pope Leo XIII and Pope Pius X [16]. Pope Leo was such a proponent of the wine that he awarded it a Papal gold medal, and his likeness was even used in Mariani’s advertisements [14].

As part of these campaigns, Mariani sought the recommendation of physicians and claimed to have over 8,000 physician signatures endorsing his product [16]. One doctor who fully endorsed this cocainised wine was Sigmund Freud, who prescribed cocaine liberally for depression, digestive disorders, alcoholism and as a cure for opium addiction [9].

Medicinal application

Sigmund Freud (1856–1939), a recent Vienna graduate, experimented with coca on himself as a means to alleviate his opium addiction. He found the results to be so effective that he prescribed it liberally to himself and his patients, and in 1884, he published a paper ‘Über Coca’ [17]. Like others before him, he noted the numbing effects on his tongue but did not utilise these anaesthetic effects and, instead, suggested its use to his colleague and friend Karl Koller (1857–1944). Being encouraged by Freud, Koller experimented with cocaine on animals and himself and, eventually, performed his first surgery with cocaine local anaesthetic on 11 September 1884 to treat a patient’s glaucoma [10]. Koller eventually presented his work to the Viennese Medical Society in October 1884 and published his results later that month. The impact of his discovery was instantly recognised, and by late 1885, there were 60 publications from the United States and Canada about local anaesthesia and cocaine [10].

The excitement for this newly described anaesthesia would continue, and in August 1898, Bier (1861–1949) would perform the first spinal anaesthesia through an intrathecal injection of cocaine in what he called ‘cocainisation of the spinal cord’ [18]. Bier’s first patient was a 34-year-old labourer who required a foot amputation but could not undergo general anaesthesia. Bier suggested spinal anaesthesia to him and successfully completed the surgery without pain. He performed a similar technique to five other patients before embarking on self-experimentation with his assistant Dr August Hildebrandt [19].

Hildebrandt attempted to perform a spinal anaesthetic on Bier; however, in the process, Hildebrandt struggled to attach the syringe to the needle hub causing Bier to lose a significant amount of cerebrospinal fluid. Most of the cocaine was lost before being injected, and Bier had no anaesthetic effect. Dr Hildebrandt volunteered to swap places. Bier successfully injected into Hildebrandt’s intrathecal space and published a detailed summary of the effects of the spinal [19]. The anaesthetic lasted over 45 minutes, and during that time, Bier tested the efficacy of his block through a series of bizarre checks that included burning a cigar on Hildebrandt’s legs, avulsion of his pubic hairs, striking his shin with a hammer and strong pressure and traction of the testicles. Delighted with their success, the men proceeded to ‘dine and drink wine and smoke cigars’ [19]. After the effects of the spinal wore off, both developed severe ‘unpleasant after-effects’, and Bier attributed the severity of their symptoms to the fact that they ‘drank and smoked more than was good for us’ [11]. Both men suffered from post-dural puncture headaches, and in his report, he described the classic symptoms, but Bier misattributed this to his wine ‘hangover’ rather than the large amount of cerebrospinal fluid they both lost.

Aftermath

Cocaine was liberally utilised in America, but in Europe, there was a much more conservative approach. Whilst initially advertised as relatively safe, doctors and dentists begin to notice an increase in toxic side-effects and addictive properties. By 1891, there were 13 reported associated deaths secondary to cocaine toxicity [20]. Cocaine usage become more reserved, and practitioners returned to their use of familiar anaesthetic gases, nitrous oxide and ether, for minor procedures. A novel safer drug was required to overcome these issues, and it would be found by a German chemist Alfred Einhorn (1856–1917) in 1904 with a drug called ‘procaine’ (also known as ‘novocaine’). Results of its effectiveness were published in 1905, and soon, procaine had taken the place of cocaine as the ‘go-to’ local anaesthetic [10].

Conclusion

It was the work of Niemann in 1860 that allowed us to isolate the active component of the coca leaf. Its anaesthetic properties were not utilised initially, but its stimulant effects were exploited and widely used by the general public. Cocaine’s popularisation was thanks to Mariani’s production of Vin Mariani and due to his highly successful advertising campaign with his royal, papal and celebrity endorsement. His popularisation of coca wine captured the attention of a wider audience, including the medical community. Similar to other anaesthetic drugs, it was this increased use (and potential misuse) of cocaine that allowed others, such as Freud, to suggest alternative applications. Koller helped to change the face of medicine and dentistry when he successfully utilised cocaine as a local anaesthetic. Its short, but important, 21 years of use as a local anaesthetic paved the way for the development of newer and safer agents.
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