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E h rlich : C h em o th era p y  is  L au n ch ed

“ w e  m u s t  se a r c h  for magic bullets. We must strike the 
parasites, and the parasites only, if  possible, and to do 
this, we must learn to aim with chemical substances!”

Paul Ehrlich’s words were no hollow phrases; he 
backed them with intensive laboratory experim enta­
tion. From his work, and of even more importance, 
from application by others of the principles which he 
developed, medicine gained many “magic bullets.” 
T h e  new science of chemotherapy owed its growth 
largely to stimuli arising from Paul Ehrlich’s work in 
Frankfurt, Germany, during the early years of the 
tw entieth century.

There is hardly a field of medicine that has not 
benefited from Ehrlich’s work. In  clinical medicine he 
contributed studies on blood, and the use of methylene 
blue in malaria. His methods for staining bacteria were 
of great im portance to bacteriology. His work on 
im munity made practical the application of Behring’s 
findings; it was Ehrlich who standardized diphtheritic 
antitoxin, and who recognized the existence and role 
o f toxoids. Finally, Ehrlich’s originality and discipline 
of objective experim entation resulted in synthesis of 
antisyphilitic drugs and launched the age of chemo­
therapy.

Paul Ehrlich was born March 14, 1854, in the small 
town of Strehlen, in  Silesia, Germany (now a part of 
Poland). He was the only son of a well-to-do Jewish
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family. A t ten years of age, Paul was sent to preparatory  school a t  Breslau, 
where he became a classm ate of A lbert Neisser, who in la ter life was to become 
discoverer of the gonococcus bacillus. From  1872 to 1878 Ehrlich studied medi­
cine in S trasbourg, F reiburg , and Breslau. Though generally his scholastic 
work was undistinguished, he continued to experim ent in his own way. All 
of Ehrlich’s research developed as offshoots of his preoccupation w ith one 
problem: why do different tissues have different affinities to the same dye? In 
S trasbourg he worked under the anatom ist Waldeyer; in Breslau, under the 
physiologist Heidenhain and the pathologist Cohnheim. I t  was the la tte r’s 
assistant, Ehrlich’s older cousin K arl Weigert, who introduced Ehrlich to use 
of aniline dyes, greatly  increasing the range of his research in staining. I t 
was a t  the Cohnheim laboratory, too, th a t Ehrlich befriended William H. 
Welch, la ter the man most responsible fo r development of The Johns Hopkins 
School of Medicine in Baltimore.

W hile still a student, Ehrlich began to prepare papers fo r publication on 
the morphology of blood. This was an outgrow th of his ceaseless preoccupation 
with dyestuffs —he was able to differentiate the elements of blood by color 
analysis. This work laid the foundation for modern hematology.

Ehrlich presented his doctoral dissertation  in 1878 a t the U niversity of 
Leipzig. The twenty-four-year-old research specialist received his medical 
degree for a thesis entitled: “Contributions to the Theory and P ractice of 
Histological S taining.’’ In it, Ehrlich laid down a basic principle th a t was to 
pervade his work —th a t pharmacological activity is based on the affinity of 
molecules of living m atte r fo r various chemical substances when brought into 
relationship w ith them.

In 1878, Ehrlich became an assis tan t to Professor von F rerichs a t the 
Second Medical Clinic of C harite Hospital in Berlin. Von F rerichs recognized 
his ta len t, and Ehrlich was perm itted to continue his research. In the course 
of ten years he produced more than  fo rty  articles, and published his first book 
on the “Oxygen Requirements of the Organism .” He m arried Hedwig Pinkus 
in 1883, and received the title of professor, in 1884, a t  the U niversity of Berlin. 
This happy decade came to an end w ith a change in policy which followed the 
death of von F rerichs. Also, an a ttack  of pulm onary tuberculosis forced 
Ehrlich to spend p arts  of 1888 and 1889 recuperating in Egypt.

In 1890, Robert Koch, famous for his work in bacteriology, invited Ehrlich 
to work with him. Koch had not forgotten Ehrlich’s success in 1882 in invent­
ing a staining method for the tubercle bacillus. A t Koch’s newly founded 
In stitu te  fo r Infectious Diseases, in Berlin, Ehrlich entered upon a new phase 
of his w ork : bacteriology and immunology. There, too, he began to work w ith 
Emil Behring. In 1892, Behring discovered specific immune substances which 
developed in blood serum of anim als infected with d iphtheria or w ith tetanus 
bacilli. I t  was Ehrlich, draw ing upon his broad experience and his unprece­
dented experiments, who supplied practical procedures th a t enabled Behring 
to develop effective antitoxins.

D uring the course of his immunologic studies, Ehrlich developed his famous 
“side-chain” theory of im munity —an idea revealing the close relationship in 
which the scientist held his ideas of chem istry and of biology. Essentially, 
Ehrlich believed th a t “side-chains,” produced in profusion by the body during 
infection (or supplied artificially when antitoxins were injected), unite with 
toxins released from  bacteria, chemically neutralizing them.

In 1896, Ehrlich was named director of the S tate  In stitu te  fo r Serum 
Research and Testing a t Steglitz. This m akeshift in stitu te  provided meager 
facilities, but Ehrlich continued his researches. “As long as I have a w ater-tap, 
a flame, and some blotting paper,” he told a friend, “I can work ju s t as well in 
a b a rn !” Shortly thereafte r, through efforts of Dr. F ranz Adickes, Lord 
Mayor of F ra n k fu r t am Main, there was created in th a t city a large Institu te  
fo r Experim ental Therapy. In 1899, Ehrlich accepted an invitation to become

its  director. There he was destined to work 
fo r the rem aining sixteen years of his life, 
and to make the g rea test of his discoveries. 
F or the first time, he had fine laboratories, 
modern equipment, and capable assistants.

In F ran k fu rt, though a p a r t  of his woik 
had to do w ith cancer research and with 
evaluation of serums fo r the government, 
Ehrlich’s efforts were largely directed toward 
the field of chemotherapy. Indefatigable in 
his laboratory work, Ehrlich was original 
and daring. He had an uncanny way of being 
able to visualize chemical structu res in his 
mind, even before they had been synthesized. 
In  his own laboratory, there was seeming 
d isarray  and disorder, but Ehrlich knew ju s t 
where to find everything. Of his assistants, 
however, he demanded s tric test adherence to 
order and to his directions. These he laid out 
fo r each person, daily, on his “blocks” -  small 
colored cards, on which were scrawled, with 
pencils of various colors, brief, cryptic direc­
tions or questions. Ehrlich demanded imme­
diate attention to these orders, and daily 
progress reports from  subordinates. Kindly, 
f r ie n d ly , a lm o st shy , th e  s m a ll-s ta tu re d , 
cigar-smoking director could go into a fu ry  
of rage when his instructions were not fol­
lowed. Chemists unwilling to use methods 
which he directed, however incredible they 
seemed, did not remain long a t  the Institu te.

Ehrlich na tu ra lly  began his studies with 
his beloved dyes. Methylene blue, w ith which 
as a student he had so well dem onstrated 
nerve fibers, proved to have antim alarial 
p ro p e r tie s . By 1904, th ro u g h  co n tin u o u s 
chemical variation, he had succeeded in pro­
ducing a dye known as trypan-red  which 
proved effective against trypanosom es, p a r ­
ticularly  those causing sleeping sickness.

The side-chain theory continued to in trigue 
Ehrlich. Behring’s antitoxins, he reasoned, 
were the first effective specific remedies for 
infectious diseases. They were na tu ra l prod­
ucts, created w ithin the body. Would it be 
possible to produce a sim ilar effect with 
chemical compounds? Would it  be possible 
to find chemicals which would kill specific 
disease-producing microbes before they would 
seriously harm  the cells of the patient? Most 
research men were pessimistic. B ut Ehrlich, 
supported by the knowledge he had gained 
during im munity studies plus his boundless 
optimism, set out to find those “magic bul­
lets,” as he called them.

The work which Ehrlich was doing in the 
field of chemotherapy received a big boost in 
1906, when the richly endowed Georg Speyer

House was built next to his Institu te  and 
placed under his direction. In 1908; Ehrlich 
together w ith Elie Metchnikoff of the P asteur 
Institu te , P aris, shared the Nobel Prize in 
Medicine “ In recognition of his work on 
im m unity.”

Continuing his search fo r “magic bullets” 
which could be aimed a t specific invaders 
w ithout in jury  to the body, Ehrlich turned 
his attention to Atoxyl, an arsenical com­
pound discovered in 1906 by Thomas and 
B re in l, w o rk in g  in  L iverpoo l, E n g la n d . 
Atoxyl had been found to be effective against 
certain  trypanosom es, but a t  the same time 
to be highly toxic to optic nerves. Ehrlich 
disagreed with most contem porary chemists 
regarding the s tru c tu ra l form ula of Atoxyl, 
proved his theory correct, and set his assist­
an ts to work on a busy schedule of creating 
chemical varian ts —seeking always a com­
pound th a t would possess maximum killing 
power against organism s of disease with 
minimum dam age to cells of the host. “P a ra ­
sitotropic they m ust be, but not organotropic,” 
Ehrlich continually reminded his associates.

S tartin g  w ith Atoxyl, Ehrlich and his 
co-workers created 418 separate compounds 
built around an arsenic radical and tested 
each thoroughly on anim als before one was 
found th a t seemed to fulfill his specifications. 
No. 418, arsenophenylglycine, proved most 
effective aga inst tropical diseases caused by 
trypanosom es. The research continued until, 
in 1907, compound No. 606 was created —the 
hydrochloride of dioxy-diamino-arseno-ben- 
zene. Ehrlich was optimistic about th is com­
pound ; bu t an assistan t erroneously reported 
th a t it had no effect whatsoever on trypano­
somes, and so it was laid aside.

Two events contributed to the advancement 
of E hrlich’s chemotherapeutic endeavors. In 
1905, Professors F ritz  R. Schaudinn and 
Erich Hoffmann had discovered the spiro­
chete, Treponema pallidum, to be the cause 
of syphilis. T his pale, corkscrew -shaped 
organism  had w rought immeasurable dam­
age upon the hum an race for centuries, v ir­
tually  unchecked by any drug or therapy. Its 
discoverers believed there was a relationship 
between spirochetes and trypanosomes, and, 
because of the fa r  g rea ter significance of the 
disease, Ehrlich began to study syphilis. Sec­
ond event was the arrival a t the In stitu te ’s 
laboratories, in 1909, of Dr. Sahachiro H ata, 
a pupil of Ehrlich’s friend. Professor Kita- 
sato, bacteriologist of Tokyo. Dr. H ata had 
been working experim entally with syphilis 
in rabbits, and had been sent to F ra n k fu rt
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fo r fu rth e r study. His first assignm ent a t  the 
Institu te  was to test on syphilis-infected 
animals every compound, old and new, th a t 
had been developed in the laboratories. The 
patient Japanese set about the task with 
c^haracteristic thoroughness. E ven tually , 
H ata came to compound 606. He reported to 
Ehrlich th a t i t  was by f a r  the most effective 
and least toxic of all compounds tested 
against syphilitic infections.

Ehrlich was pleased, but he demanded fu r ­
ther tests, hundreds of tests. H ata made 
them. Then, tests were begun on humans, con­
ducted by cooperating physicians a t nearby 
hospitals. Hundreds more tests  were required 
to determine effective doses, safe doses; to 
determine w hether the relief was perm anent, 
or whether relapses would occur. Meantime, 
Professor Iversen a t the St. Petersburg  Hos­
pital for Men reported th a t 606 completely 
cured patients with relapsing fever.

Drs. Ehrlich and H ata  reported develop­
ment of 606 and the ir experim ents with the 
compound to medical men from  many coun­
tries a t the Congress fo r In ternal Medicine, 
a t Wiesbaden, Germany, A pril 19, 1910. Dr. 
Schreiber of M agdeburg Hospital gave an 
account of the first successful treatm ent of 
syphilitic patients a t his hospital w ith 606. 
The announcements had an electrifying effect 
upon th e  m edical w orld . D em ands and 
entreaties fo r the drug poured in on Ehrlich. 
The name, Salvarsan, was given to compound 
606, and it was registered w ith the paten t 
office. Facilities a t Georg Speyer House were 
put to making the drug in quantity ; the 
Hochst Chemical Works began to build facil­
ities for its m anufactu re—but for some time 
demand fa r  exceeded supply. Ehrlich insisted 
on keeping a close check on any irregu larity  
arising from  the use of 606. He devised a 
method for intravenous injection to get away 
from  tissue damage and danger of infection 
— and then had to educate the medical profes­
sion to its use. He continued to search for 
more and better compounds. Finally, in No. 
914, he found w hat he needed: the drug was 
not quite so active aga inst the spirochete — 
but it was fa r  safer, and much less difficult 
for physicians to adm inister. No. 914 became 
Neosalvarsan —and, for th ree decades, until 
the introduction of penicillin, Neosalvarsan 
(neoarsphenamine) and Salvarsan (arsphen- 
amine) remained dominant as remedies for 
syphilis. In Paris, E rnest Fourneau a t the 
P asteur Institu te  applied Ehrlich’s tech­
niques to bismuth, creating  several an ti­
syphilitic compounds which paralleled and 
supplemented the arsenicals.

Ehrlich, at last, had created his “magic 
bullets.” Regrettably, his success, while win­
ning him many honors and much fame, also 
brought attacks. Some were from crackpots, 
who accused him of trying to poison people.

Some were acts of jealousy. Some were anti- 
Semitic in character. These attacks greatly 
perturbed the kindly scientist, who wanted 
only to help the sick. In the scientific field, 
he could deftly answ er any challenge; but 
these unfounded, unw arranted , unscientific 
a t ta c k s  w ere beyond h is u n d e rs ta n d in g . 
These, together with worries a ttendan t with 
the beginning of World War I, in August, 
1914, undoubtedly contributed to shortening 
E hrlich’s life. A first stroke, late in 1914, 
was followed by a second, fa ta l a ttack  on 
A ugust 20,1915. He was buried in the Jewish 
Cemetery of F ran k fu rt.

Paul Ehrlich has been variously described 
by different w riters. Some have emphasized 
his eccentricities, his absent-minded habits, 
his disregard fo r conventional order. Some 
have portrayed him as an unscientific experi­
m enter whose “shots in the dark ” luckily hit 
some m arks. B ut the facts rem a in : his wealth 
of ideas, his enthusiasm  for biochemistry, his 
courage to try  new avenues and his general 
creativity , combined w ith g rea t g ifts  for 
organization and for harmonious direction, 
earned him the title  of genius. Medicine has 
been heir to many “magic bullets” since 1915, 
created by men who followed in E hrlich’s 
footsteps in creative chem istry ; among them, 
the antim alarials, the sulfonamides, the an ti­
histam ines, the a tarax ic drugs.

A modest, kind, fa ith fu l man, respected by 
tru e  scientists and medical men world-wide, 
beloved not only by his fam ily bu t by his 
laboratory assistants, his fa ith fu l custodian 
K adereit, and his secretary, M artha Mar- 
quardt, Paul Ehrlich was one of the greatest 
figures in medicine in the first ha lf of the 
tw entieth century.

R E F E R E N C E S

Ackerknecht, E. H ., unpublished monograph.
Ackerknecht, E. H ., Aspects o f the History o f Therapeu­

tics. B ulletin of the History of Medicine, Vol. 36, No. 5, 
Sept.-Oct., 1962.

Bender, George A., 7'he D evelopm ent o f Chemotherapy. 
A History of Pharmacy In Pictures, D etroit, Parke, 
Davis k  Company, 1960.

Bulloch, W illiam, T he History o f Bacteriology. London, 
Oxford University Press, 1938.

Cowen, David h ., Ehrlich, the Man, the Scientist. American 
Jou rna l of Pharmaceutical Education, Vol. 26, No. 1, 
W inter, 1962.

M arquardt, M artha, Paul Ehrlich. New York, Henry 
Schuman, 1951.

Sigerist, Henry E., The Great Doctors. New York, Double­
day & Co., 1958.

Sonnedecker, Glenn, Paul Ehrlich and Chemotherapy. 
American Journal of Hospital Pharmacy, Vol, 17, No. 
9, Sept., 1960.

Stephenson, Lloyd G., N obel Prize W inners in Medicine 
and Physiology. New York, Henry Schuman, 1953.

Urdang, George, Two Centenaries. T h e  Pharmaceutical 
Journal (London), March 13, 1954.

t h e r a p e u t i c  n o t e s m P A R K E ,  D A V I S  & C O M P A N Y


