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I 

lNTRODUCTI ON 

Leukemias: Clinical a nd Pathological Course 

The fatal disease known as Leukemia was first ob

served by Barth, although the initial examination of leu

kemic blood was made by Donne in 1839. Its first descrip

tion as a clinic�l entity was made independently by 

Bennett and Virchow in 1845. In the course of a little 

over a. century, treatment of this disease has undergone 

a radical change. One of the ne�est drugs to show promise 

in the treatment of Leukemia is 6-ll(ercapto-purine, one of 

the new purine ar,tagoniata. 'l'he purpose of this monograph 

ia to present a comprehensive review of the mechanism of 

action of this new anti-metabolite, and t o  summarize the 

recent experimental and clinical data available on thls 

drug. 

Leukemia, a.s it is we 11 known, is primarily a 

disease of the blood and blood forming organs. Burchenal 

(1). The normal marrow is made up of three separate com

ponents: the myeloid elements which produce the polymor

phonuclear leukocytes of the .,eripheral blood; the eryth

roid elements which produce the red cells a nd hemoglobin; 

and the megakaryocytes which produce platelets. In 



leukemia, the marrow is invaded or replaced by abnormal 

neoplastic cells, which may arise from any cell type, 

with replacement of the no rm.al elements. This results 

in a lack of the three normal types of cells in the blood 

which in turn can produce various symptoms of the disease. 

Lack of polymorphonuclear leukocytes leads to increased 

susceptibility to infection, particularly by the pyogenic 

organisms. Lack of adequate red cella diminishes oxygen 

transport, and produces symptoms of anemia such aa lassi

tude, easy fatigability, and dyapnea on exertion. Defi

ciency of platelets causes a hemorrhagic diathesis with 

petechiae, ecchymoses, epistaxea, and the various symptoms 

of cerebral, gastrointestinal, and urinary bleeding. 'l'he 

ability of the leukemic cells to invade tissue leads to 

splenomegaly, hepatomegaly, lymphadenopathy, and osseous 

involvement with consequent pain in bones and joints. 

There may also be localized tumor masses and skin infil

trations. However, the signs and symptoms in any particu

lar case depend up0n the tyfe of leukemia. 1n the chronic 

granulocytic form, for example, where the pe riphe ra.l blood 

has a high percentage of myelocytes and mature polymor

phonuclear leukocytes, the symptoms of infection are un

common. The replacement of erythroid elements of the mar

row leads to anemia, and infiltration of the myelocytee 

into the spleen and liver results in their respective 

2 



enlargement. 

However, in chronic lymphocyt1c leukemia, the pre

dominant signs are usually infiltration and enlargement 

of lymph nodes and often aplenomegaly. rn thia form, 

skin infiltrations are more common, and an increase tend

ency to petec hiae and e cchymoaes frequently occur. 

In acute leukemia, the manifestations of a severe 

deficiency of all noxmal formed elements are most appar

ent. Lack of resistance to infection, severe anemias, 

severe hemorrhagic diathesis, ulcerations of mucosa and 

guma 1 and infiltrations of spleen, nodes, liver, and 

other tissues are common. 

:Methods of Treatment .£!. Leukemia 

The treatment of leukemia has been in the past, 

and is yet, one of palliation and supportive therapy, 

rather than a treatment correcting or curing the condi

tion. Arsenic was one of the first chemotherapeutic 

agents available for the treatment of chronic granul�

cytic leukemia, being employed by L1asauer in 1865. 

Burchenal (2). This compound will produce def 1nite re

miss ions in early stages of chronic granulocytic leuke

mia, but the administration is often accompanied by 

nausea and vomiting. 



Other forms of treatment used in chronic granulo

cytic leukemia ha.ve included radiation therapy, urethane, 

nitrogen mustard, T.E:U., and Mylera.n. Radiation therapy 

has been given a.a localized X-ray, total body apray, or 

IV or oral radioactive phosphorus. Burchenal (2) feels 

that radiation therapy is s till the treatment of choice 

in chronic myelocytic leukemia, if the propsr facilities 

a.re available. 

It has been s hown that 1n a cute leukemias, ir

radiation is contraindicated, but that the antimetabo

lites and the hormones are of v alue. It has been pro

posed by T ivey (�·l) that the re is a relation between s o

called e pontaneous remiss ions and those induced by ther

apy. In a aeriei of 76 ''spontaneous" remissions. 38 were 

preceded by a febrile illneas. Other remissions were 

preceded by injection of foreign proteins, :Miller (4), 

or nonspecific trauma such as surgery and eclampsia. 

Tivey (3). Tivey believes that there is one common de

nominator in the above mentioned casea of spontaneous re

miaaiona. That factor is adrenal stress. There have 

been spontaneous remiss ions recorded in 22 per cent of 

a series by Besais and Da uaset,(5) in which the remis-

s ion followed a blood t ransfua ion. Ti vey believes that 

the cause of these remissions may be a direct tr�nafer 
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of ACTH and/or "cortical Steroids, ft or a stimulus for 

the production of these hormones by the patient. Al

though the evidence in favor of this theory ia by no 

means conclusive1 the similarities 1n character and du

ration of the remission are suggestive. According to 

Tivey's statistics, the differences in median duration 

of remission shown between cortisone and "spontaneous" 

or transfusion remissions could occur by chance alone 

in at least 15 per cent of the cases. 

It was net until the anti-metabolites were suc

cessfully used in the treatment of acute leukemia that 

a ignif icant advances we re made in the treatment of this 

disease. This was first accomplished by Farber (6) in 

1948, wher,. he shewed that the anti-metabolite, 4-amino

pteroylglutamic a.c id, was effective in the chemotherapy 

of leukemia. As ia well known, an anti-metabolite is a 

compound whose chemical structure differs only slightly 

from some normal metabolite, so that the anti-metabolite 

is able to enter into the same enzyme systems as the 

normal metabolite, thua blocking the enzyme system. 

Felic acid is a vitamin necessary for the growth and 

maturation of normal erythroid and myeloid tissue of 

bone marrow, as well as being necessary for the growth 

and maturation of almost all living things. The anti

metabolite, 4-aminopteroylglutamic acid {Aminopterin), 
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is almost structurally identical to the chemical formula 

of folic acid. 'rbus, by competitive inhibition, matura

tion of cells is 1,revented. It is believed that neo

plastic cells are affected more than normal cells be

c~use of their much more rapid rate of cell division. 

Another group of drugs which has been used in the 

treatment of the · .. e ukemias may be loosely classified as 

the cytotoxine. ~his includes nitrogen mustard and syn

thesized products closely resembling the action of this 

chemical, such as triethylene melamine, triethy lene 

pbosphoramide; and one of the newest drugs in this cate

gory, triethylene thiophosphoramide, known as Thio-f~?A. 

It ie believed that these drugs are actual cytotoxins, 

acting directly on the chromosomes, esvecially when 

cells are in the dividing phase. This results in an 

eve rall bone marrow de press ion. Shay et ~- ( 7). 

Another drug, Myleran, is a sulfonic acid ester 

which, in chronic granulocytic leukemia, selectively 

depresses myelopcieais, but not the fo:nnation of lym

phocytes or platelets. It is supposedly more selec

tive than nitrogen mustard or the folic acid antago

nists. 

Urethane, an ethyl ester of carbamic acid, has 

also been used i:1 chronic leukemias. It acts as a se

lective metaboli] inhibitor for white cells. Leukemic 

6 
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cells are much mere susceptible than normal white cells, 

and the most susceptible are the early mye loid cells. 
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MECHANISM OF ACTION OF 6-MERCAPTOPURINE 
I:N LEUKEMIAS 

In order to understand more fully the specific 

action of 6-MP in leukemias, it is necessary to under

stand the biosynthesia of nucleic acids. Nucleic acids, 

combined with simple proteins of basic char~cter, make 

up a large pa.rt of the nuclear material of all living 

cells, and are also present in the cytoplasm. West and 

Todd (8). 

Davidson (9) believes that the nucleic acids 

are essential for all such self-reproducing unite as the 

gene, a.nd that they are abundant in all ce lla in which a 

rapid protein synthesis is taking place either for the 

reproduction of the gene proteins in the chromosomes, 

or in the production of the main part of cytoplasmic 

protein for growth or for secretion. 

Hydrolysis of a nucleoprotein results in the fol

lowing: White (10) 

Nucleoprotein 

Protein Nucleic Acid 
I 

Mixture of Nucleotides 

Mixture of nucleosides Phosphoric AC id 

I 
L 

Mixture of purines 
and pyrimidines 

Figure l 

8 

Pentose or 
deeoxypentose sugar 
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As may be seen in the above diagram (Figure 1), 

the fundamental units of the nucleic acids are the nu

cleotides. These are so linked, as is shown in Figure 2, 

that the phosphate residues of each nucleotide act as 

bridges in forming diesters, thus forming the polynucle

ot ides. 
t 

0 

' O=P-0-Sugar-Base (Uracil) or (Thymine) 
I t 

OH 0 
I 

0=1-o--surar-Baee (Cytosine) 

OH 0 
I 

o-P-0-Sugar-Base (Adenine) 
I I 
OH 0 

I 
O==P-0-Sugar-Base (Guanine) 

I 
0 
I 

Figure 2 

The nucleic acids may be classified into two 

large groups depending on whether they contain a pentose 

sugar (ribose) or a desoxypentose sugar (desoxyribose). 

These two nucleic acids are therefore culled ribose nu

cleic acid (RNA), and desoxyribose nucleic acid (DNA). 

Thia could be illustrated in Figure 2 by the substitu

tion of "riboae 11 or "desoxyribose 11 for the word "sugar." 

The two kinds of nucleic acid contain the same purines, 
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adenine and guanine, but differ in the pyrimidines. On 

hydrolysis, RNA yields cytosine and uracil, whereas DNA 

yields cytosine and thymine. Thia is illustrated in 

Figure 2 by the substitution of uracil or thymine for 

the word "base." The other purines and pyrimidines 

given in parenthesis are those found in nucleic acids. 

RNA is universa1:.y present in the cytoplasm of cells, 

and recent etudies indicate that it may also be present 

in the nucleus. DNA has not been found in cytoplasm, 

but is found in the nucleus as p;i.rts of the chromosome 

structure • 

The above is a rather brief sketch of the bio

chemistry of the nucleic acids, and their relation to 

living cells, normal and neoplastic. Now the que~tion 

is: "How does 6-MP prevent the f o nnation of nucleic 

acids, which are so vital to life?" Without a doubt, 

the explanation he re offered is not the final answer. 

This particular question is surrounded by much contro

versy, but it is .~enerally believed that the action is 

one of competitive inhioition. As can. be seen in Fig

ure 3, 6-MP is closely analogous in structure to hy

poxanthine, adenine, and guanine. 

As is seen in Figures land 2, adenine and gua

nine are essential substances in the synthesis of nu

cleic acids. It might be logically explained that the 

10 
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OH 
f 
C 

N/ '\.C-N'-
t ff CH 

HC C-N/ 
'\ / H 

N 

Hy poxa.nthine 

OH 
I 
C 

/"-C-N'-
N fl _CH 
} c-N.......-

H2N-C' / H 

N 

Guanine 

SH 
f 
C 

N/ 'c-N 
I It 'cH 

HC C-N✓ 
'\_ / H 

N 

6-Me rcaptopurine 

NH
2 l c" N/ C-N,CH 

l !-N,-/ 
HC'\_ / H 

N 

Adenine 

Figure 3 

chemical structure of 6-MP so closely resembles the 

structure of adenine and guanine that it replaces these 

bases in the form3.tion of the nucleic acids. However, 

this specifically is not be lie ved to be the case. :t:here 

apparently may be an interconversion between adenine and 

guanine which enters into the picture. Brown (11). Fur

thermore, it is b:ilieved that a hypoxanthine-containing 

metabolite may be necessary in the conversion of adenine 

to guanine. Skipper (12). Both Skipper and Elion (13) 

believe, a.s a result of their experimental work, that 

6-".MP has its blocking effect upon hypoxanthine, thereby 
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inhibiting the normal production of adenine, and guanine. 

rt is hoped that further studies will clarify this prob

lem • 
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III 

SYNTHESIS OF 6-MERCAPrOPURTh1E 

Having a basic understanding of the biosynthesia 

of the nucleic acids, e.nd the mechanism whereby 6-MP pre

vents their formc.tion, it will now be of interest to con

sider the basic steps in the development of 6-M?. Hitch

ings (14) discovered that thiouracil and thiothymine were 

competitive antatoniets of uracil and thymine. Further 

research led to the development of thioguanine, which 

proved to be an active antagonist to guanine, thus break

ing a link in purine metabolism. 'fhioguanine was shown 

to be a purine antagonist, but difficulties in synthesis 

caused attention to be turned toward the development of 

6-MP. Hypoxanthi~e was treated with phosphorus pentasul

fide, producing 6-.MP, as is shown in Figure 4. 

OH 
I a, 

N/ C-N-....,CH 

I !-N/ 
HC'\._ / H 

N 

Hypoxanthine 

tt/1 :) 
,, 

P2S5 

Figure 4 

SH 

I 
C 

N/ "-c-N 
l II :)-cH 

HC' /c-: 
N 

6-Mercaptopurine 

However, the most practical method of synthesis 

is that developed by Traube. A 4,5,-diaminopyr1midine 

13 
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is synthesized and, by fomylation, converted to a 

5-formamido-4-aminopyrimidine, followed by cyclization 

of the imidazole ring. The compound 4-amino-5-formamido-

6-mercaptopyrimidine is eye lized to 6-MP by heating of 

the sodium salt. This is as seen in Figure 5. 

SH SH 
I I c" N/' c-NHCHC 

I I 
HC\_ /C-NH 2 

➔ 

c"- . 
/ C-N~CH 

~ A-r----
Hc, / H 

N N 

Figure 5 
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EXPERIMENTAL DATA ON 6-MERCAPrOPURINE 

So far, leukemia as a disease ha.a been considered, 

and a brief review of the various types of therapy has 

been presented. l?here has also been a brief presenta

tion on the theory of anti-metabolites and a discussion 

of the mechanism of nucleic acid biosynthesis. Finally, 

the theories of the mechanism of acti on of 6-MP have been 

reviewed, and a brief re po rt on the synthesis of this new 

drug has been presented. In order to give the reader of 

this monographan idea of the type and a.mount of experi 

mental work whi ct was necessary before this d rug could be 

used in the therapy of leukemia and other neoplastic dis

eases in humans, a brief review of some of the more sig

nificant experimental data on 6-MP will be presented. 

�ion of 6-Mercaptopurine 

In order to study the effects of 6-lu? upon living 

tissue, the Rana pip1ens embryo was chosen as a test ob

ject by Bieber (15), because it presented a minimum of 

technical diffic�lties, and a llowed rapid screening with 

wel l  marked criteria of activity. The developing embryos 

were placed in  test solutions of the varioua anti-metabo

lites under consideration, concentrations of the solutions 

15 
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ranging from l tc: 50 mgm. per cent. Progress was deter

mined by Shumway stages, and comparison with a control 

group of animals. However, the developing embryo under

goes rapid cellular di vision and .Progressive diffe ren

tiat ion. It contains many differentiating organs and 

biochemical systems. In order to minimize the complexity 

of the resultant relationships, and to provide a system 

in which a separation of differentiation from cell mul

tiplication could be achieved to some degree, the am

phibian's capacity for regeneration of a lost member was 

utilized. The original paper should be consulted for 

the details of this study, but basically the program was 

carried out in this manner. 'rails were amputated from 

tadpoles, and the animals were then placed in the test 

solutions, and on the seventh day after amputation, 

measurements of the regenerating blastema length were 

made by means of an ocular micrometer. 

It was thus shown that thioguanine, 8-azaguanine, 

and 2,6-diaminopurine did not affect development of the 

embryo at any of the con cent rat ions. 're st s determining 

the activity of 6-MP were made both upon the developing 

embryos and upon the regenerating tail blastema. It was 

shown a.a a result of these experiments that, in both 

test systems, 6-l.!P is active primarily against re la-

ti vely undifferentiated cells • 

16 
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In order to determine the effecte of 6-MP upon 

the mammalian fetus, Thiersch (16) conducted an interest

ing series of exi~riments. His studies were upon the 

Long-Evans strair. of rats, and were conducted in the fol

lowing manner. After determining the onset of pregnancy 

by examining the vaginal cont~nte of the animals for 

sperm, a control group was administered a placebo at the 

same time as the experimental group received the drug. 

All rats were sacrificed on the 21st day of e;estation, 

the day prior to expected littering, and examinations of 

matemal hemoglotin, sterr:ul tu1~e :-iarrow, and uteri were 

made. The fetuses were counted, measured, and weighed, 

and inspected for malformation. The head was cross-sec

tioned to detect internal hydrocephalus. After tabulat

ing the results of several series, it was found that the 

fetus was moat sensitive to the drug at the time of im

plantation, or within 24 hours of implantation. This 

corresponds to the seventh and eighth days of gestation. 

At this time, two doses of 5 mgm./kg. induced death and 

resorption of half of all fetuses, and two doses of 10 

mgm./kg. induced 90 per cent fetal resorptions. Little 

effect was seen by the drug when administered from the 

fourth day of gestation onward. However, it was shown 

that rate treated prior to mating with 3 doses of 30 

mgm./kg. produced litter::: with a, e~e,11 increase in 

17 
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num'bere of stuntei and resorbed fetuses. This suggests 

an adverse effect, possibly that of an incorporation of 

the drug into the developing ovum. 

Biesele (17) conducted a study of the effects of 

6-Y:P on exre rimental tumors. Combined cult urea of mouse 

sarcoma 180 and mouse embryo skin were found to be dif

ferentially inhibited by 6-MP. The procedure was carried 

on in this manner: Tissue cultures, in a conventional 

medium of serum, embryo extra.ct, and balanced salt solu

tion, were studied for mitotic activity. Similar cul

tures of the various tissues were dosed with a fixed 

amount of the drug under question, and after 24 hours 

of exp0sure to t r.e agent, the cultures we.re fixed in 

alcohol-acetic acid, and then stained with Feulgen re

act ion and light green. Counts of mitotic figures and 

degenerating or 1yknotio nuclei were made in 1000 nuclei 

in the zone of outgrowth in each of several cultures for 

a given treatment. A tabulation of this data revealed 

that 6-Ml? was cafable of suppressing cell division to a 

variable extent :in a number of cell strains. The mito

tic inhibition was more pronounced in some neoplastic 

cell strains thar: in several of the normal tissues 

·tested. 

It was al.so shown that the mitotic suppression 

ca.used by 1.0 mM 6-MP in sarcoma 180 cultures could be 

18 
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relieved in part by several physiological purines. A 

preparation of ccienzyme A was the most effective material 

in counteracting the mitotic inhibition • .Lf the active 

material in this case is actually coenzyme A, it is specu

lated that 6-:tu"? t1a.Y exert its act ion by interfering in 

2-carbon transfe ::-a, or in the energy metabolism of the 

citric acid eye 1€ in the tissue cultures. 

The effects of 6-MP on experimental tumors waa 

studied by Clarke il tl· (18) in a different fashion. 

His studies were employed on female Swiss albino mice in 

which uniform pieces of Sarcoma 180 were introduced sub

cutaneously by trocar into the right axillary region. In 

this manner, the exrerimenta.l tumors were living in mam

malian tissue rather than in culture media. Daily in

jections of a suspension of 6-MP were started intraperi

toneally either :2.4 or 96 hours after tumor implantation, 

and were continued for seven successive days. '.L'he tumors 

were then measured through the skin with calipers 24 

hours after the last dose. Studies of the other purine 

analogs were conducted in a similar manner • 

Clarke was able to demonstrate in his series that 

6-MP effectively inhibited growth of sarcoma 180, which 

resulted in a prolongation of survival time of the host, 

and, in a signifi~ant number of animals, recovery from 

the tumor. It was demonstrated that 6-MP induced 

19 



alterations in S-180 which resulted in the lose of vi.a

bility of the otherwise readily transplantable tumor. 

It waa also shown that, in certain instances, S-180 could 

become resistant to both the inhibitory a nd oncolytic ef

fects of 6-:MP. A treated tumor, which grew following im

plantation into a nomal host, wal?I treated t hrough suc

cessive t:ransplan� generations with low doses of 6-MP. 

After two generations, its growth was found resistant to 

higher doses of 6-MP, and it waa found to have 100 per 

II 

cent takes'' when implanted in norIIJ;1. l mice. Micros co pie 

study revealed tha.t the r esis tant tumor exhibited 

cytoplasmic vacuolization, whereas the sensitive tumo r 

did not. 

Skipper (:9) studied the effec ts of 6-::MP against 

the solid exi;e rimental tumors, adenocarcinoma.e 755 and 

Eo 771 a nd sarcoma 180. The experiments were carried out 

on mice in a similar manner to that of Clarke's. It was 

found that 6-.MP ie greatly inhibitory to adenoc arcinoma 755 

and moderately inhibitory toward adenocarcinoma Eo

771 and sarcoma lRO. Skipper also demonstrated that com

binations of 6-Ml? and azaeerine, or 6-MP and A-Metho pterin 

were synergistic i.n antileukemi c activity in L 1210 leu

kemia in mice. Hcwever. i n  mioi=> 1r.•ith A-Methof)terin

dependent linea of leukemia, the�e was no increase in 

life span un.de r treatment with 6-M?. 

20 
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Gellhom ~&-(20), from the Institute of Can

cer Research of Columbia University, worked with an ex

perimental brain tumor, Glioma 26. He performed his ex

periments both J:E.. vitro and.!£ .fil2_, in the manner de

scribed previously in this Paper. His ex~ riments re

vealed that 6-MP inhibited Glioma 26 in vivo, but not 

.!!! vitro. This suggests that the antitumor &ction of 

6-:MP may be attributable to the metabolism of 6-Ml? within 

the body to a pharmacologically active metabolite. Fur

ther ex~ riments have been conducted to substantiate 

this theory, but nothing conclusive ~s been reached. 

Law tl &-(21) studied the effects of 6-M? on ex

perimental lymphoJytic leukemias transplanted into mice 

in a s imi lar fashion to that of C 1a rke. He de mens tra te d 

that 6-MP inhibited leukemic cell growth of leukemia 

Ll210 and several other acute lymphocytic leukemias in a 

definite, regular, and reproducible manner. Law was 

also able to deve:~op a resistant subline of leukemia, 

which would grow optimally either in the presence or ab

sence of the antahonist* The resistant leukemias were 

resist&nt not onlJ- to 6-M?, but were found to be resist

ant to all other iiurine analogs tested: 8-azaguanine, 

8-azaxanthine, 2,6-diaminopurine, purine, thioguanine, 

and chloropurine. The resistant mutant also showed an 

increased sensitivity to the folic acid antagonists. 
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Finally, Law demonstrated that when the folic acld antago

nist, A-Methopterin, and 6-MP were used simultaneously, 

there was a potentiation of the antileukemic activity. 

Toxic Effects 21, 6-Me rcaptopurine 

In addition to the experimental studies on the 

effects of 6-MP on various tumors, exre rimental work has 

also been carried out to determine the toxic effects of 

6-MP on the host. This, in the final analysis, is the 

limiting factor in the em~loyment of the drug in the 

treatment of neorlasia. Philipa et al.(22) conducted a --
series of experiments on mice, rats, and dogs in an ef-

fort to determine the toxic effects of 6-Ml'. The most 

consistent of these effects were damage to bone marrow 

and intestinal e:i;:ithelium, disturbances in hepatic func

tion, and the possibility of liver nee ros la. ?hilips 

compared 6-MP with seven closely related purine analogs 

and found them tc have a number of common pharmacologic 

properties. However, it was demonstrated that renal in

sufficiency, which is prominent in animals given adenine 

or 2-chloroadenine, is not found in the use of 6-MP. The 

end product of 6-MP metabolism, 6-thiouric acid, does not 

crystallize in rEnal tubules. 

As has bEen mentioned above, damage to bone mar

row is one of thE common properties of the purines. 'l'he 
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fact that clinic& l diseases of hematop0ietic origin are 

sensitive to bone-marrow depressants suggests a common 

mechanism of actjon in normal and malignant cells. How

ever, Philips demonstrated that the various purine analogs 

are not identical with regard to SfeCificity of action in 

bone marrow. To illustrate: 6-MP, 2,6-DAP, and 6-chloro

purine produced similar lesions 1n intestinal epithelium 

when given in doses causing depression of bone marrow; 

but the effects of thioguanine were largely limited to the 

bone marrow, and 6-methylpurine appeared to selectively 

depress erythrogeneais. Thia demonstrates that minor al

terations in the 3tructure of purines can produce unex

pected changes in their pharmacologic effects. 

Metabolism of 6-Mercaptopurine in Mice 

Studies have been undertaken to determine the 

metabolism of 6-M? in mammals. Elion et al.(23) con-- -
ducted a series o ~ experiments on mice with the aid of 

radioactive isoto~ea of 6-MP. One ot the isotopes was 

labeled in the 8-?osition of the purine nucleus with c14 , 

the other was labeled in the mercapto group with s35 • 

The ex~ riments W'1re designed to determine the length of 

time the drug remained 1n the body, the metabolic products 

formed, and whether the drug was perferentially concen

trated in any particular tissues, and whether the 
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compound was incc,rporated into the nucleic acids. '£he 

length of time tLe dru6 rer:iained in the body was deter

mined by pooling urines from 20 mice and determining the 

radioactivity at various time intervals. ~twas found 

that almost 44 per cent of the isotope was excreted 1n 

the first four hours, and at t be end of forty-eight 

hours, over 60 per cent had hf'er f'xcreted. 

The dete r'llination of metabolic pro ducts fo nned 

was carried out by paper chromatography. The concentra

tion of radioactivity at certain spots revealed that the 

main excretory products during the first four hours were 

6-MP and 6-thiouric acid. 

The concentration of 6-:MP in the t iss uee was de

termined by cold trichloroacetic acid extracts of the in

dividual o rgana. It was thus shown that the con cent ra-

t ion of radioactive material was highest in the intestine, 

and lmvest in tn.e brain, with blood level.s twice as high 

as those of the intestine. 

Studies on the incorporation of 6-.M? isotopes 

into the nucleic hCids were accomplished with the deter

mination of the radioactive levels of hot trichloro

acetic acid extracts of the tissues. lt was demonstrated 

that within three hours after injection of s35-6-M?, 

radioactive mater:.al had been incorporated into both the 

RNA and DNA fractions of the pooled tissues. 
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.Metabolism £f. 6-Mercaptopurine .!!! !!!!, 

Very little is known of the actua l  distribution 

and m:,tabolism of 6-M? in man. However, Hamilton and 

Elion (24) treated a child with acute stem-cell leukemia. 

and an adult witr: chronic granulocytic leukemia with the 

purine isotope 6-MJ?- 6-a 35 . serial blood, urine, and 

cerebral spinal fluid samples were taken. and 24-hour 

specimens of feces were collected at 24 and 48 hours. 

Extracts of the samples were then dried and the 

radioactivity determined with a BJ:.)ecial Geig er-Muller 

counter. Results, which we re similar in b oth the child and 

adult, demonstrated a rapid metabolism of the drug. The 

halftime of 6-M? in t,.1e blood was c alculated to b e  90 

minutes. It was also found that significant radioactivity 

was present in the c erebril-spinal fluid within fiv e 

minutes after injection of the •irug, and that t his level 

was maintai ned for at least 24 h•)Ura. At the end of 24 

hours, about 

60 per cent of th•; adminiate red radioactivity had been 

recovered in the 1rine. Calculations of the renal clea r

ance of 6-�? corr�sponded approximately to the estimated 

rate of glome rula r filtration. 'rhis s uggesta that there is 

little tubular excretion or reabsorption of 6-A'!P, but that 

its excretion in urine is probably determined by 

g lomerular filtra-+;ion ratee Fur ther data sug gest that 
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it is unlikely that 6-lll? ia confine d to the extra-cellu

lar fluid, but tha:; it is dis tributed generally through

out the total body water. It was a lso shown tha t a 

negligible amount Jf radio act ive mate rial was excreted 

in the feces. 

Further at LJdiea are being conducted at the pres

ent time to add to what little is known a bout the metabo

lism of 6-M:l'. Many of the theories expressed in connec

tion with the ex:pe rimental evidence presented in this 

paper may be proven to be unsound, or may be modified. as 

further studies are made.
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CLINICAL DATA ON 6-MBRCAPfOPURINE 

Indications for� 

There is a relatively large volume of clinical 

data on 6-MP available from the larger research centers in 

the United States and other countries. However, Burchenal 

et al.(25), of the Chemoth erapy service of the Sloan-

Kettering Institute, has done the large share of the 

initial clinical work with 6-MP. In a aeries of 269 

patients with different forms of leukemia, Burchenal was 

able to demonstrate its value in acute leukemias of both 

children and adults, with children obtaining the better 

response. A high percentage of remissions was also ob 

tained in early chronic granulocytic leukemia. although 

other forms of therapy may be considered to be just as, or 

more practica:.. Burchenal found that 6-:MP was without 

value in chronic lymphocytic leukemias, lymphosarcomas, 

Hodgkin's disease, sarcomas, and metastatic carcinomas. 

Farber (:�6), in a study of the a econd l argest 

series, demonstrated the e ffects of 6-Ml? on 96 patients at 

the Children•f3 Cancer Research Foundation in Boston. Sixty 

of the patients i1ad acute leukemia, of which about 50 per 

cent resp,:mded nematologically to 6-MJ?. Thia 
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response conaisttd of about one-third complete remissions 

and two-thirds hematological improvement. rn addition, 

t wo cases of chrr-nic leukemia showed a temp0rary hemato

logical improvement. 

Hall (2?). from Stanford University Col lege of 

Medicine, in a study of 24 ad ul t  patients with acute leu

kemia who were treated with 6-M.P, reported an initial re

mission rate of t4 per cent. This, in his experience, is 

a significantly righer remission rate than has been re

ported previously with hormone or fol1c acid antagonist 

therapy. The remiss ions we re partial or comple te. Com

plete remissions lasted for several months and did not 

require the continued administration of 6-MP. When a re

lapse occurred, a second remission could sometimes be ob

tained with 6-MP, but tne second remiss ion was usually 

leas complete tha:1 the first. Partial remissions were

maintained most satisfactorily by continued administra

tion of 6_._M1?. Hall wa.s also able to demonstrate a good 

clinical and hematologic remission in four out of a ae

ries of five adul1�s witn chronic granul ocytic leukemia 

undergoing continued treatment with 6-:MP. 

Bernard and Seligmann (28) report a series from 

Paris, France, in which 61 leukemias were treated with 

6-MP. They we re able to report a complete remiss ion in

35 per cent of cases of acute leukemia of children not 
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previously treated. However, they had only an occasional 

remission in caaes of acute leukemia of children grown re

sistant to anti:f'clice and cortisone, and 6-M? therapy 1n 

acute leukemia of adults was not e atisfacto ry. They did 

report satisfactory remiaaions in certain cases of chronic 

myelogenous leukemia. 

Pierce (29), from the Bob Roberta Hospital for 

Children in Chicago, reports a ee ries of 19 cases of 

acute leukemia of children in which the a.cute monobla.atic 

cases responded b?tter ":.han the stem-cel l ty,fe of leukemia. 

Bethell and 'fhomp3on (3C1), from tne University of Michigan, 

reported that. in a series of 40 patient::3 with le ukemia 

treated with 6-lii?, the 'better therapeutic responses were 

being obtained in young adults with acute hemocytoblaatic 

and acute monocyttc leukemia. Fountain (31), from Leeds 

University, Englar:d, presenting a aerie s of 22 patients 

treated with 6-MP demonstrated results comparable to 

those of Burchena1 (25). Rosenthal et al. ( 32) re po rt a 
--

series of 61 patiEnts treated with 6-MP at Harlem and 

Mount Sinai Hospitals, New York. Hill and Lajoua (33) 

repc,rt a series of 34 patients treated with 6-:MJ? at Bay

lor University, Dallas. Again, these results are com

parable to those of Burchenal (25). 

Gaffney ani Cooper (34) reported a series of 42 

patients undergoin,� 6-M:P therapy at the University of 

29 



...., 

..._. 

,., 

·~ 

?ittsburgh and the Children's Ho~pital of Pittsburgh. lt 

was their opinion that therapy handled by a clinician 

must produce results rapidly, in contrast to the relative 

unlimited time allowed for results L"l investigative work* 

With thia in mind, they felt that 6-M? alone was not the 

therapy of choice, as it requires over three weeks to 

show clinical response. Cortisone and/or antifolic drugs 

should be used as initial therapy for a rapid response. 

Dosa~ and Toxicity of 6-Mercaptopurine 

The recommended dosa6e of 6-MP has been estab

lished as 2.5 mgrr.. per kg. of body wei~nt once daily. 

l:hia ia given orally in the morning. Burchenal (25) has 

given up to 12.5 mgm. per kg. of 6-.M:P daily for a period 

of a week with no apparent ill effects. However, it 

should be pointed out that most of the patients given 

these very large doses had been treated with ordinary 

doses for varying periods of time. Thia, the re fore, 

raises the question as to whether a patient can develop 

a tolerance to tte drug. Although there is no statisti

cal Jroof, Burchenal feels that it might be possible to 

decrease the usu~l 3-to-8-week latent period in cllnl

cal response by e:iving a "high loading dose 11 of 5-10 

mgm./kg. for one or twc days. 

Accordint'; to Hall (27), the most common toxic 
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manifestations of 6-Ml? a re anorexia (32 per cent), na usea 

(28 per cent), stomatitis {24 per cent), and vomiting 

(16 per cent). Iia.rrhea., proctitis, fever, rhinitis, 

swollen tongue, and melena have been reported to have in

cidence of about 4 per cent. Suppression of bone-marrow 

acti vity such as leukofenia, anemia, and thrombocyt openia 

ia not considered to be a manifestation of toxicity, as 

it is an essential part of the therapeutic procedure. 

When evidences of ulcerative lesions of the mouth, or ul

cerations of the lower gastrointestinal tract manifested

by diarrhea or me Lena develop, administ ra tion of 6-M? 

should be disconttnued. With hea ling of the lesions, 

therapy may be rermr.ied in a lower dosage. 

Most auth(lre agree that, in the clinical manage

ment of 6-Ml? therLflY, therapy should be discont inued with 

the onset of a leukopenia (25,26,27,29,30,31,32,33,34). 

However , .Bernard (28) maintains that there is no neces 

sity to discontinue t herapy with marked leukopenia or 

necrotic lesions :in the mouth. Two of his patients de

veloped these comJ;licatione, a nd therapy was continued 

with r esultant healing of the stomatitis and a gradua l 

return to normal cf the leucocyte count. ln one of his 

patients the count reached a low of 200 leukocytes/cu .nun. 

and retu med to normal under therapy. Be mard 's only 

exp lanation for hi3 s uccess is that he routinely gives 
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blood transfusions u ntil the red-cell count reaches 

4 million/cu. mm., be fore beginning th erapy with 6-.MJ?. 

It is of interest to note that we have no cross check on 

his work here, a.s all other a uth ors have discontinued 

medication with the leukopenia. 

Certainly, the t oxic man if est at ions of 6-.MP must be 

minimal, for deAsua (35) points out the much higher incide 

nce of ulcerous stomatitis in the use of Aminopterin. This 

pe rmits the prolongation of 6-.M? therapy for any nec

essarily extended period. 

There have been occasional rep orts of icterus 

with inconclusivE liver function tests. The icterus 

clea red upon cessation of 6-:MP therapy. Farber (26). 

'l'wo insta nces of drug fever, with a syndrorre of chills 

and fever up to 104 ° F., were re1-1roduced on several oc

casions by the administration of a single d ose of 6-.MP 

in these hypersensitive 1,)S.tie nts. Several cases of

e osinophilia witt counts up to 54 per cent have been 

noted in patients u nder prolonged therapy. Hyman (36). 

Criteria for Remissions

I n  order to evaluate prop erly the results of 6-.ii? 

therapy, certain criteria for remissions must be estab 

lished. This is necesEacy i n  order thc.1.t response t o  

therapy is uniformly es tab lishe d by various a utho re. 
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The only difficulty in this respect is that, to date, no 

uniform criteria for remissions bi;tve been established. One 

of the more rigid classifications is that of Hall 

(27). He defines a complete remissi on as one in which the 

re is a dis appearo,nce of the clinical man1f est&t ions of 

the disease, with a return of the blooci and bone mar      

row to normal, with the bone marrow containing no more 

than 5 per cent of pro lymphocytes, progranulocytes, or 

promonocytes. A partial remission is one in which t here 

is an improvement in the clinical and hematologic pic 

ture, but e vidence of leukemia. yet remaining, in the bone 

marrow. Bross (::7), in analyzing the criteria for re

missions used by twenty-one authors, offers a classi fica

tion which is compatible with the thinking of modt �ork 

ers in this field. A ngood hematologic and clinical re

miss ion" is a clinical rer.iiss ion with a return of the 

peripheral blood to normal, and a combined total of less 

than 30 per cent pro lym_i?hocytes, pro2_;ranu locytes , or 

promonocytes in the bone marrow. A 11 part1al remission" is 

clinical im provement with some improvement of perivheral 

blood and bone marrow. A 11 f ailure II is little or no 

clinical improven:ent, with no evident response of 

peripheral blood or bone marrow. 
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Clinical Management of Patients Under 
6-:Mercaptopurine Therapy 

In patients 6-MP is given orally in the daily 

recommended dose of 2.5 mg./kg. body weight, as has been 

mentioned previotsly. Three to eight weeks of t herapy 

are required to achieve remissions. The courl:.le of the 

gatient during this time must be followed closely. Hall 

(27) recommends complete blood examinations three times a 

week, and bone 'narrow aspirations every week, or ev ery 

other week. Tivey (3) believes that no single marrow 

aspiration site snould oe diagnostic of a remission as 

there are diecrep:inciea in the numbe r and type of le u

kemic cells i1 .. various sites teated. Therapy should be 

continued until lPukemic leukocytes disappear :from the 

bone marrow. Thit, usua:i.ly results in severe degrees of 

leu kof)enia with cc;unts of less than 1000 leukocytes per 

cu. cm., but normLl hematopoies is is u sually restored 

within two to three weeks after die continuing the drug. 

Burchenal (2) ha.a pointed out the value of sup 

portive therapy after discontinuing the drug. Anemia 

shou ld be prevented with frequent transfusions. Anti

biotics should be used to control infection. 1t is very 

important to maintain the morale of the patient. For 

this reason, the pa.tient should be allowed to live as 

nearly a no rma 1 li ::' e as is poss 1 b le vn thin the limi te 
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of his physical condition. 

Most auth,)rs ag:ree that it ie not necessary to 

continue the use >f 6-M:P when a complete remission has 

been obtained. In these cases the _patient is closely 

watched, and ther,'ipy resumed with first evidence of re

lapse. However. should the patient hav e  a partial re

mission only, 6-M? may ~oe given continuously or inter

mittently for lon; periods of t ime. 

Comb ineA Therapy 

The comparison Jf the effectiveness of 6-�T with 

other antileukemio preparations i� indeed difficult. 

There ia no doubt but tnat it is e ffective, but is it 

more, or leas, effective than othe r  drugs such as the 

folio acid antagonists, cortisone, and ACTH? This ques

t ion at the present t in:e c an not be ans we red; the re are 

too '.'llany controversial opinions presented. .Moat of the 

studies of 6-Ml? therapy have been on patients who have 

been on previous folic acid antagonist a nd/or cort1aone 

therapy. In man;y ca:des 6-M? therarry waa initiated as a 

last resort when the patient would no longer respond to

the older medications. 

However, there is no doubt abo ut the effective 

ness of combined 6-1f.P, folic acid antagonist, cortisone 

therapy. Burchenal (2) recommends the initial use of 
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cortisone or ACTH in acute leukemia if the patient ap

pears unlikely to be able to survive the three weeks usu 

ally necessary for either 6-MP or the folio acid antago

nists to take effect. However, in the less acutely ill 

patients, the antimetabolites may be used initially. 

Burchenal (2) belie ves that Amethopterin is the drug of 

choice if the patient is a child under ten years of age 

with a white count below 50,000. With Amethopterin there 

may be a somewhat longer r emission. However, 6-MP m:i.y 

offer a better chance for remission if the white count is 

above 50,000, or if the patient is an adult. It is best 

to continue the use of a particular antimetabolite as long 

as a remissiJn can be maintained. At the first sign of 

failure to respond to the drug, therapy should be switched 

to the other antimetabol1.te. �xacerbations of the 

leukemia, which are not controlled by the antimetabo

lites, should be controlled if possible with ACTH or cor

tisone. 

De As ua ( 35) maintains that only one 

antimetaboli te should be used at a time in order to 

avoid the possibility of simultaneous resistances to the 

druga. Farber (26) has seen no evidence of ear lier onset 

or of longer

remissions in cases where both types of antimetabolites 

were used simultaneously. Other authors report the value 

of alternate 6-M:t and ;;methopterin or cortisone therapy. 
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The reader is encouraged to co nsult the literature 

for these many repo rts. 

In.ere¥� in Sur vival � 

As was firs·t mentioned in this paper, leukemia 1a 

a fatal diaease. However, it has been pointed ou� that 

there are now specific drugs which alter tne norma l 

metabolism a nd progressive course of this mall6f!ancy. 

Although there ir no known cure at the present time, there 

has been a marked increase in survlv al time since the 

turn of the century. X-ray, cortisone, ACTH, and 

ni trosre n mustard have been used in the various 

leukemias. Vigorous supportive therapy has increased 

chances of sur

vival. But the antimetabolites developed since 1948 have 

been the first real hope in the treatment of this disease. 

Rice (38) has reforted a aeries of 103 leukemic children. 

These patients we re seen over a 16-year fE riod a t Chil 

dren' a Hospital, :iaahin_ston, D.C. Befoi�e the advent of 

Chemotherapy (19�8-1947), the average survival time fol 

lowing the diagnosis of leukemia was 16 weeks. 'rhe av- 

erage survival ti11e a t  present 1s 49 weeks. Other 

authors, like Rica, have reported significant increases in 

survival time Nith antimetabolite therapy. Farber 

(26L considering 6-M::l? therapy, reports an average dura 

tion of improveme,1t of 3 weeks following the failure of 
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c ontinued remissions under the therapy o f  the folic acid 

a ntagonists. 

Burahena} (2) makes the following plea for the 

vigorous treatmer:t of a ll acut e le ukemiaa: 

Too often the attitude of the d octor is that there 
is no cure fc r the disease, therefore the child or 
adult should ·oe allowed to die in peace. i'he answer 
to that ia fcurfold: 
1) The untreated patient do es not usually die in

peace but frequently suffers many o f  the i,1ainful
complicatj.ons of the disease;

2) under therapy many of t hese children can live
happy lives, continuing in scho ol and playing
as normal children;

3) during this time the family have time to adjust
to the situatior.; and

4) most important, if these patients can be kept
a.live for another year o r  t wo, who can say that
some i nveectigator somewhere in the w orld will
not come forth with a really effec�ive agent
to contra:. the disease?
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VI 

A description of the clinical and .fB,thological 

course of leukemi� has been presented, along with a brief 

discussion of some of the various method s of treatment. The 

relationship :,f adrenal stress to spontaneous remis -s iona 

of leukemia has been considered, as well aa the theory on 

the mec:1anism of action of an"t1-metabolites. 

In order �o understand the mechanism of action of 

6-Mercaptopuri1e in the therapy of leukemias, a discussion 

on the ay�thea1s of the nucleic acids has been presented. 

Adeni".le and guanine are essential substances in the 

synthesis )f nucleic acids. 6-Mercaptopurine has a 

b locking effect upon nypoxanthine, having a chemical 

structure very si:nilar to that of the purines • .[n this 

manner, i t  inhibits the normal production of adenine and 

guanine. 

The chemiJal synthesis of 6-Mercaptopurine has also 

been presented. Ex perimental data regarding the effect of 

6-M? on various experimental animals and experimental 

tumors have been presented, alon6 with studies of the 

drug's toxic effects and metabolic pathways. 

Finally, a brief review of some of the available clinical 

data on 6-M? ha.a been presented. An effort has 
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been m ade to correlate the results of 6-MP therapy by the 

vari ous authors v,ith respect to indications for use, dos

age and toxicity, criteria for remissions, clinical 

management of patients, co mbined therapy, and increase in 

survival time. 

6-Mercaptopurine is indicated for therapy of acute 

leukemias and chronic granulocytic leukemia. However, 

Myleran may prove to be of more val ue in chronic 

granulocytic leukemia. and the follc acid a.ntagoni�ta are 

of equal value in acute lymphocytic leukemias. 6-MP is 

admin iate red in d aily dosages of 2 .5 mg ./kg. orally, ad

justing the dosag<J according to  response. Response iS 

followed by leucooyte counts and bone marrow studies. 

To xic effects other than those of hematologic depress ion 

are related to ul�erati�na of the gastrointestinal tract. 

Remissions are classified as complete, partial, or fail 

ure, depending upon the clinical picture t and blood and 

bone marrow s tudi,a. Medicati on i6 c ontinued during 

partial remiasion3, and discontinued during co mplete re 

missions. If resistancP. develops to 6-MJ? therapy, the 

folio acid antago1ista .:,r co rtisone should be substituted. 

Under this progra11 1 a fa,tient with acute leuke mia may be 

expected to survive with reasonable comfort for almost a 

year after diagnosis of the disease. 
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CONCLU:3ION 

6-Merc aptopurine has been shown t o  be a valu

able addition to the attimetabolite t herapy of leuke

mias. Thi s may be one of a se riea of drugs leadin g 

to the even tual discovery for a c ure for leukemia. 
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