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CHAPTER I 

INTRODUCTION 

Extensive work has been carried out during the 

last decade in the field of metabolite antagonism. Metab

olite antagonist is a term given to a substance which in

hibits the normal physiological activity of a metabolite, 

the inhibition being nullified by more of the metabolite. 

Among the established facts is the observation 

that the interohange of an aromatio sulfur for a vinyl

ene group in several metabolites has led to the forma

tion of speoific antimetabolites. This was shown to be 

true in the oase of thiamine (45), nicotinic acid (20), 

and phenylalanine (14). Recently, Dittmer, et ale (16), 

and Goering, et ale (27, 28) extended this fact to the 

aliphatio sulphur-oontaining amino acids. As possible 

cysteine antagonists, they prepared three unsaturated 

~ -amino aoids, namely, allylglyoine (I), methallylgly

oine (II), and crotylglycine (III), and tested them for 

their growth inhibition of mioroorganisms. Allylglycine 

and methallylglyoine were almost equally effective in

hibitors for three strains of Esoherichia coli, but 
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crotylglycine was less effective. For Saccharomyces 

cerevisiae, allylglyoine was the most effective inhibi

tor of the three acids and orotylglycine showed only low 

inhibitory action. They also prepared 2-amino-5-heptoic 

aoid, the vinylene analog of methionine (28). It was 

found to inhibit the growth of one strain of ~ coli and 

methionine counteraoted its toxioity. 

NH2 

• H2C :: CH-CH2-CH-COOH 

(I) Allylglycine 

NH 
I 2 

H3C-CH : CH-CH2-CH-COOH 

(III) Crotylglycine 

CH3 NH2 . , 
H2C = C-CH2-CH-COOH 

(II) Methallylglycine 

)lli2 
HC :i C-CH2-CH-COOH 

(IV) Propargylglycine 

The interesting microbiological properties of 

these synthetic unsaturated <x -amino acids led Gershon, 

et ale (26), to prepare propargylglycine (IV), the 

acetylenic homologue of allylglycine. Preliminary tests 

(26), indicated that propargylglycine is more potent 

than allylglycine as an inhibitor of the growth of ~ 

cerevisiae and somewhat less toxic towards the growth of 

~ coli. 

More recently, Hsu (32), carried out a detailed 

investigation on the microbiological properties of pro

pargylglycine. The results obtained showed that DL-pro

pargylglycine is twice as active as DL-allylglycine for 



inhibiting growth of S. cerevisiae . About three micro

grams per 7 . 5 ml . produced 50% inhibition . Valine, leu

c~ne, isoleuoine , phenylalanine , tryptophan and methi

onine nullified the toxicity of 10 micrograms of propar

gylglycine per 7,5 ml . 7ith ooncentrations higher than 

20 micrograms , only methionine reversed the toxicity . 

Propargylglycine was found to be a fair inhibitor of E. 

coli , the amount needed for 50% inhibition varied from 

35 to 130 micrograms per 7 . 5 ml ., acoording to the strain 

used. Valine and leucine were the only amino acids which 

completely reversed the toxicity of propargylglycine at 

higher ooncentrations . 

In this thesis is reported the effect of pro

pargylglycine on mammals . I t was found to inhibit the 

growth of young white rats , and its toxicity was unex

pectedly high . Most probably the toxicity is not alone 

due to its action as an amino acid antagonist . The min

imum lethal dose was determined in young rats and adult 

mice . Several attempts were made to protect the experi

mental animals by simultaneous administration of dietary 

or metabolic factors . Also several possible mechanisms 

of action are suggested and discussed . 



CHAPTER II 

HISTORICAL 

In a series of oonvinoing experiments, Rose and 

ooworkers (37). established the concept now generally 

accepted that only nine amino acids are essential for the 

rat, but that a tenth, arginine, must be supplied to at

tain maxim 1 growth. The technique employed by Rose con

sisted in eliminating the amino acids, one at a time from 

a dietary mixture oontaining both essential and nonessent

ial amino aoids. Impairment of growth occurred only when 

one or another of the essential amino acids was absent. 

These classical results were recently confirmed 

by Frazier, ~ ale (24). Their observations were made 

on a group of protein-depleted rats fed rations whose 

nitrogen source consisted of either sixteen amino acids 

(ration A was patterned after the amino acid oomposition 

of casein), ten amino acids (ration B included Rose's 

ten essential amino acids), or nine amino acids (ration 

C equals ration B minus arginine). They observed that 

the omission singly of histidine, lys1ne, tryptophan, 

phenylalanine, meth1onine, threonine, leucine, isoleucine, 

4 



5 

or valine from the sixteen amino acid ration , led to 

marked loss of weight , coincident with prompt loss of 

appetite . lilien, however , the missing essential amino 

acid was added to the ration , the rats quickly recovered 

their appetite and rapidly gained weight. A ration con

taining only ten amino acids indi spensable for growth ot 

young rats . fed at a nitrogen level equivalent to that 

in ration A, supported a weight gain equal to or greater 

than that of similar rats receiving the sixteen amino 

acids . Similarly when only the nine amino acids of 

ration C were fed , an equivalent rate of weight gain was 

obtained indicating that arginine is nonessential for re

pletion of adult protein- depleted rats . Although the 

authors have shown that there is no evidence tor an ac

cessory polypeptide factor to promote effective utiliza

tion of these pure amino acids in case of adult rats , yet 

other investigators (43 . 44 ) have shown evidence for 

existence of such a factor to promote maximum growth in 

case of young growing rats. 

To determine the quantitative requirement for each 

of the nine essential amino acids for adequate regain of 

weight , Steffee , et al e (38 ), used 241 protein-depleted 

rats . By varying the intake of each amino acid succes

sively without altering other dietary components , the re

quirements for each amino acid were ascertained . These 
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requirements represented the minimal quantity of eaoh 

essential amino aoid whioh . in conjunction with the re

m~inder of the standard ration , produced weight gains 

equal to those induced by feeding the complete standard 

ration . The composition of the basal diet oontaining 

these minimum amounts of the essential amino aoids (15) , 

is given in Table 1 in Chapter 1110 This diet is desig

nated MEA (or diet I), and is used as the standard basal 

diet for all the work represented in this thesis. 

One of the early experiments indicative of meta

bolic antagonism between an essential amino aoid and a 

structurally related oompound was reported by Dyer (18 ), 

who observed that ethionine (VI) ( oc - amino- ( - ethylthiol

butyric acid) was toxic to young rats maintained on a 

methionine deficient diet . 

~2 
I F2 

CH3-S-CH2-CH2-CH-COOH C2~-S-CH2-CH2-CH-COOH 

(V) Methionine (VI) Ethionine 

The toxicity was completely reversed by addition 

of methionine (V) to the ration . Later , the antimethio

nine effect of ethionine was shown also for ~ coli by 

Harris and Kohn ( 31 ), who reported that inhibition of 

baoterial growth by ethionine was completely overoome by 

methionine . 
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duVigneaud, et ~. (17), determined that ~ -2-

thienylalanine (V.III) could not be used in lieu of phe

nylalanine (VII) in the diet of growing rats. The young 

rats lost weight rapidly when placed on an otherwise 

complete diet, ;in which ~-2-thienylalanine had been 

substituted for phenylalanine. 

(VII) Phenylalanine 

(VIII) ~ -~-Thienylalanine 

n\ NH2 l) -C~-6H-COOH 
. (x) !3 -~-Furylalanine 

N~ 
I \'-IJ .. OH 2"0H-OOOH 

' S/ 

(IX) /3- 3-Thienylalanine 

NH2 
I 

~-CH2-CH-COOH 

o 

(XI) ;8 -3-Furylalanine 

Dittmer, et al. (14), established that ;6 -2-

thienylalanine is an antiphenylalanine in the growth of 

~. cerevisiae. The inhibition of growth was completely 

counteracted by DL-phenylalanine. 

Later Ferger and duVigneaud (22), extended the 

antaginistic relationship between phenylalanine and 
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~-2-thienylalanine to rat metabolism. At a level of 

2% in the diet, all optical isomers of ),J -2-thienylala

nine produced inhibition of growth of the rat which could 

be counteracted by DL-phenylalanine. 

Since fur an compounds are isosteres of analogous 

thiophene compounds, Clark and Dittmer (8), studied the 

effect of ~ -2-furylalanine (X) on the growth of micro

organisms. The antiphenylalanine properties of ~-2-

furylalanine were found to be quite similar to those of 

~ -2-thienylalanine. 

Recently, Dittmer (13), synthesized A -3-thienyl

alanine (IX), a new isostere of phenylalanine. He tested 

it for its inhibitory properties on ~ cerevisiae and ~ 

coli. For yeast, the J.3 -3-thienylalanine was about twioe 

as active as P -2-thienylalanine. In case of E. coli, it 

was about 30% more effective. In each instance the 

growth inhibition was reversed by phenylalanine. 

Extending the investigation to mammalian metabol

ism, Dittmer, ~ ale (15), demonstrated that ~ -3-thienyl

alanine inhibited the weight restoration of the protein

depleted rat. Again the inhibition was completely re

versed by additional amounts of phenylalanine. Compar

ing it with ft -2-thienylalanine on the repletion of body 

weight, ~ -3-thienylalanine was found again more active 

than ~ -2-thienylalanine. The results obtained with the 
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protein-depleted rat were in agreement with those ob

tained with microorganisms. 

,13 -2-furylalanine was also round by Dittmer, II 

~ (12), to inhibit the repletion of body proteins in 

the protein-dep~eted rat. The compound, however, was 

unexpectedly toxic and extra phenylalanine or larger 

quantities of all amino acids did not proteot the animal 

against this SUbstance. Its mechanism of action remains 

to be worked out. 

Both allylglycine and methallylglycine inhibited 

the weight restoration of protein-depleted rats (12). Of 

nine amino acid analogues tested, allylglycine was the 

most toxic. However, the inhibitory damage is not per

manent as with turylalanlne. ~ter two days, the removal 

of allylglycine from the diet resulted in the immediate 

weight increase. 

The toxic properties' of methallylglycine were 

nullified by extra leucine but Vlere not prevented by 

valine, which suggests that methallylglyoine is an antag

onist of leuoine in the rat. 



CHAPTER III 

A. Feeding Experiments 

Young, male, albino rats of the Wistar strain 

were used for the feeding experiments. They were pur

chased from Rockland Farms, with body weights ranging 

from thirty to forty grams. They were kept in an air

conditioned room to avoid fluctuation in appetite due to 

variation in temperature of the environment. Food and 

water were offered ad libitum. Variation in body weight , 

as well as the amount of food oonsumed were recorded 

daily. 

Dextrin 
Corn Oil 
Fiber 

TABLE 1 

COMPOSITION OF BASAL DIET (MEA) 

Compound 

Osborne-Mendel Salt Mixture (42) 
Essential Amino Acids (Table 2) 
Nonessential Amino Acids (Table 3) 
Vitamins in Dextrin (Table 4) 
ater 

10 

% 

61.14 
4.00 
5.00 
4.00 
3.93 
4.93 
1.00 

16.00 
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During the first seven days of the experiment all 

animals were kept on the basal (MEA) diet which contains 

tha minimum amounts of the essential amino acids (15). 

Propargylglycine was then incorporated in the basal diet 

at different dOS,ages, with reduction in the dextrin con .. 

tent by a corresponding amount. Changes in body weight 

and other symptoms were recorded daily. 

TABLE 2 

COMPOSITION OF ESSENTIAL AMINO ACIDS 

Amino Aoid % Amino Acid % 

L-Histidine-HCl 4.91 DL-Threonine 14.58 
DL-Isoleucine 20.69 DL-Tryptophan 2.47 
L .. Leucine 12.29 DL-Valine 17.30 
L-Lysine-HCl 13.49 DL"'Methionine 6.62 
DL-Phenylalanine 7.63 

TABLE 3 

COMPOSITION OF NONESSENTIAL AMINO ACIDS 

Amino Aoid Co .Amino Acid % 

DL-Alanine 11.71 L-Glutamic Aoid 49.57 
L-Arginine-HCl 10.3'7 Glycine 1.06 
DL-Aspartic Acid 13.17 L-Tyrosine 13.37 
L-Cystine 0.75 
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TABLE 4 

AMOUNTS OF VITAMINS ADDED PER KILOGRAM DIET 

Vitamin Amount per kilogram diet 

Thiamine Chloride 
Ga-dl-pantothenate 
Riboflavin 
Niootinio Aoid 
Pyridoxine Hydroohloride 
Inositol 
p-Amino-benzoio Acid 
Choline Chloride 
Vitamin A Conoentrate 
Vitamin D Concentrate 
dl- o< -tocopherol Acetate 
2-methyl-l,4-naphthoqulnone 

6 
40 
25 
25 

6 
1 

200 
3 

40,000 
4,000 

10 
1 

mg. 
mg. 
mg. 
mg. 
mg. 
g. 
mg. 
g. 
U.S.P. Units 
U.S.P. Units 
mg. 
mg. 

The main diets used in the present investigation are: 

Diet I: The basal (MEA) diet (Table 1). 

Diet II: 0.444 g. mixed essential amino acids, plus 

0.556 g. mixed nonessential amino acids, plus 

5.0 mg. propargylg1yoine, made up to 6.5 g. 

with MEA. 

Diet III: 0.216 g. L-leuoine plus 0.364 g. DL-isoleucine 

plus 0.304 g. DL-v line plus 0.116 g. DL

methionine made up to 6.5 g. with diet II. 

Diet IV: Isooalorio with diet II, and prepared by sub

stituting the dextrin in diet II by an iso-

oaloric amount of coconut oil. It has the 

following peroentage composition: coconut 

oil, 31.85; corn oil, 4.75; fiber, 20.15, 



Diet V: 
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Osborne-[endel salt mixture, 4.80; essential 

amino acids, 14.35; nonessential amino acids, 

17.90; vitamins in dextrin, 1.20; and water , 

5.00. The fiber content was raised at the 

expense of water to give the diet a suitable 

consistency. 

MEA (Diet I) incorporating 3 mg. propargylgly

cine plus 42 mg. cysteine hydrochloride plus 

11 mg. DL-valine per 6.5 g. of diet. The 

latter amino acids are in the molar ratio ot 

1:10:4, respectively. 

Diet VI: MEA incorporating 3 mg. propargylglycine plus 

21 mg. cysteine hydrochloride pluss 11 mg. 

DL-valine plus 13.1 mg. DL-isoleucine plus 

7.8 mg. L-leucine plus 4.2 mg. DL-methionine 

per 6.5 g. diet. The relative ratio of the 

last four amino acids is the same as it is in 

the MEA diet (Diet I). The six amino acids 

are in the molar ratio ot 1:5:4:4: 4 : 2, respec

tively. 

B. Injection Experiments 

The appropriate amount of propargylglycine is 

dissolved in physiological saline solution, and the pH 

adjusted to 7 .4. Unless otherwise mentioned , the dose 

is contained in 0.2 ml. ot solution, and is injected 
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suboutaneously every eight hours . During the injeotion 

experiments the animals were kept on Purina dog ohow 

rations . 

C. Chromatographio Analysis of Urine 

for Amino Aoids 

The urine was oolleoted by keeping the animal in 

a small cage with soreened bottom , plaoed over a large 

glass funnel which leads into a clean test tube . To 

avoid any possible contamination , the animals were fed 

during the day and the urine was oollected overnight 

atter removing the tood cups from the oage . Urine sam-

pIes were al\reys kept in the refrigerator until analyzed . 

One drop of the urine was subjected to filter 

paper ohromat,ographio analysis using butyl oellosolve

water mixture 2 :1 by volume as solvent system. The amino 

aoid spots were deteoted by spraying with 0 . 2% ninhydrin 

solution in water-saturated butanol , followed by heating 

tor 10 minutes in a drying oven at 80
0

C. Baoarella (3 ), 

determined the Rt values ot several amino aoids and amino 

aoid analogues using this solvent system. 



CHAPTER IV 

RESULTS 

A. Effect of Propargylglycine on 

Growth of Young Albino Rats 

Thirty young, white, all male rats of initial 

body weight ranging from 25 to 38 g. were divided into 

six groups of five rats each. All animals were kept on 

MEA diet for one week. As shown in Figures 1-5, all exw 

perimental animals gained weight regularly when kept on 

this synthetic diet in which the pure amino acids were 

the only source of nitrogen. The gain in body weight 

during these seven days varied from 5.0 to 18.5 g. per 

rat. 

On the eighth day, four groups were offered MEA 

diet containing different doses of propargylglycine. The 

other two groups, namely group I and VI, Figures 1 and 

5,1 were kept on MEA and served as controls to the others. 

The ration for group II oontained 100 mg. propargylglycine 

1 Ordinates of all graphs represent the change in 
body weight per rat in grams, assuming initial body weight 
as zero. 

15 
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2 per 6.5 g. of diet, for Grou~ III it contained 25 mg., 

for group IV it contained 10 mg., and for group V it con

tained 5 mg. of propargylglycine. 

All five animals in group II, Figure 2, died with

in twelve hours after offering the diet. In group III, 

Figure 3, one animal died within 24 hours, and the remain~ 

ing four died within 48 hours in spite of changing the 

diet back to MEA. In group IV, Figure 4, two animals 

died within 48 hours, one died after seven days and two 

recovered. The rats which survived, however, developed 

severe spasmic paralysis in the hind legs, 106s of mus

cular control and hypersensitivity to the slightest dis

turbance. These symptoms persisted even after propargyl

glycine was removed and the rats ate the MEA diet for 

several weeks. In group V, Figure 5, only one rat died 

while the other four recovered. [eanwhile all animals 

in the control groups, Fi~ures 1 and 6, showed continu

ous and regular growth. Due to the dramatic effect of 

propargylglycine, the ration was changed back to MEA on 

the next day for all groups to spare the lives of the 

animals. 

26 • 5 g. was found to be the average daily intake 
per rat of all six groups. Throughout the work reported 
in this thesis, propargylglycine was calculated in milli
grams per 6.5 grams of diet. 
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However, to find out how long the animals could 

tolerate the toxic amino acid in the diet, five milli

grams of propargylglycine ere again included in the 

ration offered group 'V, Figure 7. The body weight immed

iately dropped steeply. One animal died after two days 

and only one oould survive up to th~ sixth day. Besides 

the symptoms described previously, the animals ~eveloped 

marked loss of appetite as shown by the large drop in 

average weight of food consumed, Figure 7. 

B'. The Effect of Propargylglyoine on Protein 

Metabolism. Paired Feeding Experiment 

To test the effect of propargylglycine on protein 

metabolism, we intended to compare the loss in body weight 

of fasted animals with that of a group fed 6 mg. of pro

pargylglycine in MEA diet. However, preliminary results, 

Figure 8, showed that fasting young rats lose weight very 

rapidly, due particularly to their continuous hyperactiv

ity. 

A more precise approach was to oarry out a paired 

feeding experiment. It was designed in suoh a way that 

a group was offered propargylglyoine-containing MEA 

ration, and a control group was offered propargylglyoine

free MEA ration. The average food intake of the first 

group was determined daily, and a special diet was pre

pared for the control group of such composition, so that 
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the average food intake of the control group will contain 

the same amount of amino acids present in the average food 

intake of the propargy1g1ycine group. The experiment was 

carried out at two levels of propargy1g1ycine, namely 3 mg. 

per 6.5 g. of die,t, and 5 mg. with five animals in each 

group . Comparison of group VII, Figure 9, with its con

trol, Figure 10, and group IX, Figure 12, with its control, 

Figure 13, shows very clearly that while the animals in 

the control group , more or less, retained their body weight, 

those kept on propargylglycine-containing ration lost 

weight dramatically. The average change in body weight 

per rat during the four days of the experiment was -12.6 

g. for group VII, 0.7 g. for its control, -12.9 g. for 

group IX, and -2.5 g . for its control. 

This clearly indicates that propargylglycine dis

turbs protein metabolism at a level as low as 3 mg. per 

6.5 g. diet. 

C • • eversal of ropargylglycine Toxicity 

The first approach to reverse the toxicity of , 
propargy1glycine was to include an excess of all the es-

sential as well as the nonessential amino acids in the 

ration. This was accomplished by adding one gram of 

mixed amino acids per 6.5 g . of diet containing 5 mg . of 

propargylglycine (Diet II). Although the excess of all 

amino acids helped the animals to stand the 5 mg . level 
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for a longer time , Figure 15 , yet all of them oontinued 

to lose weight and one suooumbed on the sixth day of 

offering the new diet. 

lisu ( 32), has shown that valine , leuoine , isoleu

cine and methionine nullified the toxicity of propargyl

glycine on ~ oerevisiae , and only the first two were 

effective in oase of ~ coli . Trying to extend these 

findings to the rat , diet I II was prepared by adding 1 g . 

of the four above mentioned amino acids to 5 . 5 g . of diet 

II. 11hen diet III was offered , the body weight ohange 

curve tended to level off , Figure 15 , with frequent rise . 
and fall in some cases . However , reversal ,res never oom-

plete , and in fact , none of the five animals could toler

ate both diets more than three weeks . There is no doubt , 

however, that the excess amino acids had partially nulli

fied the effect, if we reoall that the maximum tolerance 

period was six days in case of MEA. containing 5 mg . pro

pargylglycine. 

The reversal of toxioity was approached from an

other angle when we noticed that many of the propargyl

glycine toxicity symptoms , namely , paralysis of the hind 

legs , failure of muscle coordination , and loss of appetite 

are also common to polyneuritic syndrome of thiamine

deficient rats . The early observation ot Evans and Lep

kovsky (21 ), that fat exerts a "sparing" action on 
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thiamine , was satisfactorily explained by the fact that 

thiamine is required for the oxi dation of carbohydrates 

but not for the oxidation of fats . This was confirmed by 

the observation of Arnold and Elvehjem (2) . that regardless 

of the amount of ,fat in the diet , the thiamine required by 

the dog is related directly to the nonfat calories of the 

ration. In addition , Stirn , Arnold and Elvehjem (39 ), 

have shown that when the carbohydrate of a thiamine- free 

ration is isocalorically replaced by fat the resultant 

diet will alleviate the polyneuritic syndrome and permit 

satisfactory growth . These observations established the 

fact that one of the roles of thiamine is as cocarboxylase 

and the whole enzyme oarboxylase catalyzes the oxidation 

of pyruvic acid . Blocking this step of carbohydrate metab

olism will lead to the rise of pyruvic acid level in blood , 

cerebrospinal fluid and urine , and the development of poly

neuritic syndrome . 

Although preliminary experiments showed that sub

cutaneous injection of adequate amounts of thiamine did 

not seem to alleviate propargylglycine syndrome , yet we 

tried to exclud~ the possibility of interference of pro

pargylglycine with carbohydrate metabolism by a feeding 

experiment . Diet I V \res prepared to be isocaloric with 

diet I I, the dextrin content being replaced by an iso

oaloric value of cooonut oil . 
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The animals were divided into three groups with 

five rats in eaoh. One group was offered MEA contain

ing 3 mg . propargylglycine for two days , followed by 

diet IV containing 3 mg. propargylglycine for four days , 

Figure 16 . The second group vms offered diet IV free 

from propargylglyolne for three days , followed by in

oorporation of 3 mg . ot propargylglyoine in the same 

diet for four days , Figure 17 . The third group was ot

tered propargylglycine- free diet IV tor four days and 

kept as a control for the other two groups , Figure 21 . 

Although body weight of the rats in the latter 

group showed regular rise , that of the other animals 

showed oontinuous drop . vTIlen the animals were put back 

on propargylglycine-free MEA or diet IV, normal growth 

was once more restored . Thus , we oan safely conclude 

that propargylglycine has little to do , if anything , with 

the carbohydrate metabolism. Although the symptoms are, 

in some aspects , similar to those ot the polyneuritio 

syndrome , yet the cause in each oase is apparently dif

ferent . 

A final approaoh to reverse the toxioity of pro

pargylglyoine was carried out by incorporation of cysteine , 

(XII), a sulfhydryl- oontaining amino aoid , in the ration. 
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~ 
HS-C~-CH-COOH 

(XII) Cysteine 

There is considerable information accumulating 

ooncerning the p'hysiological significance of the additive 

capacity of certain biologically active unsaturated sub-

stances, notably unsaturated ketonic substances toward 

thiol groups (6,7,25). Many such substances showanti

bacterial and antifungal activities to quite a high order. 

In nearly every case the physiological activity was re

versed by adding sufficient amounts of a sulfhydryl-con

taining compound such as cysteine, glutathione or thio

glycollic acid. 

Biological oxidative deamination of propargyl

glycine would yield acetylenepyruvic acid (XIV). 

~n2 
CH == C-C~-CH-COOH 

(XIII) Propargylglycine 

o 
If 

CH = C-CH-C-COOH 

(XIV) Acetylenepyruvic 
Acid 

The electron absorbing ketonic group of the new compound, 

aided by the carboxyl group would be expeoted to aotivate 

the acetylenic bond towards nucleophilic reagents. The 

physiologically important sulfhydryl groups of many en

zymes could thus be added to the unsaturated bond of the 

keto acid \rlth consequent blocking or impairment Of the 

enzyme activity. 



40 

To test the feasibility of this postulation , 42 

mg . cysteine hydrochloride , and 11 mg . DL-valine were 

added to a ration containing 3 mg . of propargylglycine 

per 6 . 5 g. of diet (Diet V). Cysteine was added to sup

press any thiol- inhibiting activity of propargylglyoine , 

while valine was incorporated to reverse any possible 

amino aoid antagonistic properties . As shown in Fi gures 

18 and 19 , the two amino acids failed to maintain normal 

growth yet they definitely reversed muoh of the prop argyl

glyoine toxicity . During five days of the experiment , 

the average loss ot body weight was 0 . 5 g . per rat per 

day. This could be oonsidered an enoouraging result , 

partioularly it we compare it with the dramatic average 

loss of 2 . 0 g. per rat per day using diet II whioh con

tains considerable excess of all essential and nonessent

ial ~no acids. 

Addition of L-leuoine , DL-isoleuoine , and DL

methionine to the ration besides valine and cysteine 

Diet VI ), did not seem to improve the reversing action 

of cysteine and valine as shown in Figure 20 . 

D. I njection Experiments 

These experiments were carried out to determine 

the lethal dose in case ot mioe and rats . 

Twenty- five adult , male white mice were divided 

into five groups . Group l was injected with 0 . 2 ml . of 
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physiological saline, Group II with 25 mg. DL-phenyl

alanine, Group III with 1 mg. propargylglycine, Group IV 

with 2 mg. propargylglycine, and Group V with 3 mg. pro

pargylglycine. All doses were dissolved in 0.2 ml. of 

physiological saline solution, except phenylalanine which 

was prepared as 25 mg. per 1 ml. of saline solution. The 

pH was adjusted to 7.4. All injections were made subou

taneously every eight hours. The results are summarized 

in Table 5. Animals injected with physiological saline 

were completely normal in behaviour. Injection of DL

phenylalanine at a dose as high as 25 mg. per injection 

did not seem to have any great effect on the animals. 

Apart from hypoactivity, the mice showed no unusual symp

toms and no casualties occurred after four injections. 

In case of propargylglycine, however, a dose as low as 3 

mg. per 0.2 ml. solution had lethal effect. Thus, in 

Group V, two animals died after the third injection and 

all the rest died after the forth. The average lethal 

dose for 100% mortality is around 310 mg. per kilogram 

of body weight. The syndrome in case of the mouse in

cluded loss in body weight, marked general hypoactivity 

interrupted by sudden attacks of hyperactivity, running, 

climbing or biting. The attack finally leads to violent 

convulsions involving the whole body and ends sometimes 

with death. These symptoms give the impression that 
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propargylglycine acts on the central nervous system. 

The toxic effect was also observed in a group ot 

five male , young rats . At a level of 5 mg . propargylgly

cine in 0 . 2 ml . of saline solution, two animals succumbed 

after the sixth ~njection , two died after the seventh and 

the last died after the eighth. The average lethal dose 

in this case was 285 mg . of propargylglycine per kilogram 

of body weight . The syndrome was identical with that 

observed in the feeding experiments , namely hypersensi

tivity , spasmic paralysis in the hind legs , inability to 

ooordinate voluntary muscle movements , and dramatio loss 

in body weight . 



TABLE 5 

INJECTION OF ADULT MICE AND YOUNG RATS VllTH PROPARGYLGLYCINE 

Average 
Total Lethal 
Amount Original Post- Dose 

Animals Dose of PG Body mortem mg/kilo-
Tested (every 8 Result I njeot - \/eight Body gram 

hours) ed V eight Body 
Weisht 

GrOUp g: 
F ve ult 0 . 2 ml . physio- None died after 4 injec-
Mice logical saline tions If> 

solution -.:I 

GrOUp II : 
F ve Adult 25 mg . DL- None died after 4 injec-
Mioe phenylalanine tions 

in 1 ml . sa-
line solution 

Group I II: 
Five Adult 1 mg . propar- 1 died after 6 injections 6 rug . 33 . 5 30 . ? 
Mioe gylglycine in 1 died after 10 injections 10 mg . 34. 5 32 . 0 

0 . 2 ml . saline 1 died after l? injections 17 mg . 38 . 4 2?6 408 
solution 1 died after 18 injeotions 18 mg . 34 . 6 26 . 0 

1 died after 20 injections 20 mg . 33.0 22 . 5 

Group I V: 
Five Adult 2 mg . propar- 3 died after 4 injections 8 mg . 36 . 1 :.;1 . 3 
Mice gylglycine in 32 . 6 51 . 6 

0 . 2 .tll1. . s<4ine O)U . 4 Gb . O "b6 
solution 2 died after 8 inJeotions 16 mg . 34. ? 31.4 

33 . 4 28. 3 

Gr OUp V: 
F ve Adult 3 mg . propar- 2 died after 3 injeotiona 9 mg . 31 . 0 28 . ? 
Mioe gylglyoine in 34. ? 31 . ? 

0 . 2 ml . saline 3 died after 4 injections 12 mg . 38 . 0 35 . 0 311 
solution 36 . 5 34 . ? 

3?4 33 . 0 

GrUpyVI: 
F ve oung 5 mg . propar- 2 died after 6 injeotions 30 mg . 131 . 5 10?5 
Rats gylglycine in 105 . 0 82 . 2 

0 . 2 ml . saline 2 died after injections 35 mg . 119 . 0 90 . 5 285 
solution 118 . 5 95 . 5 

1 died after 8 injections 40 mg . 130 . 0 101 . 8 
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E. Analysis of Urine for Amino Acids 

Since Gordon, ~artin and Synge (29), introduced 

the filter paper chromatographic technique for the separ

ation and identification of amino acid mixtures in 1943, 

the method found wide applications in various biochemi

cal fields. Dent (9,11), adapted this technique, and 

worked out chromatographic "maps" of the known amino 

acids, for use in identifying them in biological systems. 

He successfully applied his procedure to the study of 

amino-aoiduria in the Fanooni syndrome (10). 

Recently, Bacarella (3), developed a procedure 

for the separation and identification of naturally 

occurring ~no acids, and synthetic amino acid ana

logues, by filter paper partition chromatography. Her 

prooedure was here adapted to analyze the urine of the 

rats for propargylglycine and other amino acids. 

Two young rats, 56.5 g. and 67.5 g., were kept 

on Purina dog chow diet, and samples of their normal 

urine were collected. The animals were then injected 

with 3 mg. of propargylglycine in physiological saline 

every eight hours, and samples of their urine were col

lected after the third injection. The urine was finally 

analyzed for amino aoid by filter paper partition chroma

tography. Besides the above samples, we added 1 mg. of 
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propergylglycine to 1 ml . of ordinary urine and used it 

as a control to the other runs . 

As shown in Figure 22 , the chromatograms of ordin

ary urines showed no amino acid spots , indioating the 

absenoe of ~ny appreoiable amounts of amino acids in the 

urine under normal conditions . However , the chromato

grams of the samples after injeotion showed four deep 

violet spots with Rfvalues of 0 . 10 , 0 . 15 , 0 . 24 and 0 . 27 . 

According to the figures given by Baoarella (3 ), these 

spots could be attributed to lysine , glutamio aoid , 

serine and glyoine respectively . The appearance of such 

appreciable amounts of amino acids in the urine is another 

indioation of the metabolic role of the synthetic ami no 

acid , probably as an amino aoid antagonist causing an 

altered amino acid metabolism. The ohromatograms showed 

only extremely faint spots of propergylglycine , indicating 

that it is largely metabolized by the rat . As a check for 

the presence of propargylgl ycine in an acetylated or some 

other combined form , 1 ml . of the urine was analyzed after 

hydrolysis with 0 . 5 ml . of 0. 1 N NaOH and reneutraliza

tion with acetic acid . The propargylglycine spot did not 

show any deepening in color . I n fact it was fainter than 

the untreated urine . 

These observations indicate that the injection of 

propargylglycine in the rat results in severe amino-
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aciduria , and that the major part of the synthetio amino 

acid is somehow metabolized by the rat. 



CHAPTER V 

DISCUSSI ON 

Large imbalance of amino acid intake has been 

known to produce toxic effects . Glycine (36 ), lysine 

(40 ), tryptophan ( 40 ), tyrosine ( 33 , 40 ), serine (23 ), 

and methionine (19 ), produce characteristic manifesta

tions of toxicity when fed to animals under the proper 

experimental conditions . 

Albanese and I rby (1), reported that a mi xture of 

Rose ' s ten essential amino aoids fed to rats was infer

ior from a nutritional point of view to enzymatio or acid 

oasein hydrobysates , or casein fed at comparable levels . 

They suggested t hat the nutritive inadequaoy of the es

sential amino acid diet may be due to toxic effects of 

the unnatural isomers of certain amino acids that cannot 

be utilized by the animals . 

Ho wever , Frazier , et al e (24) , disproved any 

toxic properties of t he unnatural isomers . They deter

mined weight recovery of comparable pairs of adult pro

tein- depleted rats while the animals were fed rations 

52 
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containing purified amino acids as the only source of 

nitrogen . Omission singly of histidine , lysine , trypto

phan , phenylalanine , methionine , threonine , leucine , iso

leucine or valine from the ration led to loss in body 

weight and appetite . lhen the missing amino acid was in

cluded in the ration , appetite was restored and body 

weight resumed steady increase . This response occurred 

equally when the L-form or ,an equivalent of the DL-form 

'ffiS used, thus indicating lack of any toxio effect from 

the unnatural forms supplied , as judged by appetite and 

weight recovery . 

An interesting type of toxicity of a synthetic 

amino acid was reported by pag~ , ~ ale (35 ). They syn

thesized 0( -amino- £ -hydroxyceproic acid and showed that 

not only it could not replace lysine in the diet of rats , 

but also it was toxic. When included as 1% in an 18% 

casein diet for 17 days the animals developed anemia as 

shown by low hemoglobin value and low oell count . The 

synthetic amino- hydroxy acid was proved by ~aper chromat

ographio technique to be identioal with the anemia pro

ducing factor kno,vn to exist in deaminized casein . 

Besides these examples , the toxicity of several 

synthetio amino acids was discussed in Chapter I I. 

Of all the oases published in the literature , 

however , no amino acid , natural or synthetic , showed such 



54 

high toxicity at comparatively low levels as propargyl

glyoine did in the rat. As low as 10 mg. were sufficient 

to kill a 50 g. young rat within 24 hours when ingested 

with the diet. The fact that an excess of all essential 

and nonessential amino aoids in the right proportion did 

not reverse the toxicity of propargylglycine leaves 

little doubt that the oompound does not act as an amino 

acid antagonist alone. This is further supported by its 

rapid and severe action, a property which is unexpected 

for an amino aoid antagonist, ~~. In fact, it is 

most probable that the toxicity is due to the action ot 

the compound through more than one mechanism. 

The syndrome itself infers possible modes of 

action. The hypersensitivity and loss of muscle coordin

ation suggest that the central nervous system is probably 

involved. A metabolic aotion of propargylglyoine and its 

disturbanoe to the protein metabolism are obviously indi

oated by the dramatio loss in body weight and the amino

aoiduria. 

Apart from the triple bond, the propargylglyoine 

molecule looks harmless. For reasons which will be dis

cussed shortly, we might attribute the larger part of the 

toxic action to the additiVe capacity of the unsaturated 

center to some cell constituents. 
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Double and triple bonds , ~~, do not appear 

to possess a sufficient degree of reactivity to enter 

into ready union with cell constituents . However , when 

the unsaturated bond is chemically activated by a neigh

boring group a different influence prevails . Electron 

attracting groups , e . g ., carbonyl , carboxyl , etc ., are 

capable of polarizing the adjacent double or triple bond , 

thus rendering it very reactive to addition of nucleo

philic groups , e . g . , -SH, - OH, etc . Sulfhydryl groups 

in particular , are known to be of exceptional importance 

in several enzyme systems (5 ), either as active cites of 

the actual enzyme protein , or in ac~ivators such as 

glutathione . Blocking this group by heavy metals , or 

addition to active unsaturated centers , or alkylation 

by halo-organic compounds , or oxidation by various 

oxidizing agents , leads to inhibition of the enzyme sys

tem. Bacq (4 ), has proposed the term "thiolprives" to 

designate those substances reacting or interfering with 

the thiol activity of biologically functional molecules . 

Thus , although the four above mentioned groups of com

pounds have little in common structurally , they never

theless possess similar toxic effects , probably by in

hibition of the same enzymes . 

Although acetylene pyruvio acid which results 

from the biological oxidative deamination of propargyl-
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glycine is not yet prepared , we can safely predict that 

it will possess appreciable additive properties . The 

carbonyl group , though not directly adjacent to the un

saturated bond , could conduct its induotive polarization 

through the aliphatic chain . Any weakening due to the 

intervening of one carbon atom, could be oounterbalanced 

by the fact that we have two electron- absorbing groups , 

namely , the oarbonyl and the carboxyl , and that we are 

dealing with a triple rather than a double bond . 

In fact , one is surprised at the close similarity 

between the syndrome of rat poisoning by copper ( 41 ), 

monoiodoacetic acid (30 ), and by propargylglycine . I n 

all three cases , hypersensitivity , ataxia ( inability to 

coordinate voluntary muscle movements ), paralysis of the 

hind legs , 10s6 of appetite , and loss of body weight are 

common , and most prominent symptoms of the syndrome . 

Sulfhydryl containing compounds , e . g ., thioglyoollic aoid , 

cysteine , glutathione , etc ., partially or completely re

versed the toxicity of the inhibitor in each case . 

The reaction between sulfhydryl groups and iodo-

acetic acid is as follows : 

That between acetylenepyruvic acid and the sulfhydryl 

group would be : 
o 
1/ 

He = C-CH2-o-COOH + R- SH :: 

SR 0 
I II 

H2C:: C- C~-C-COOH 
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Of interest is the finding of Nachmansohn and 

Machado (34 ) that iodoacetate inhibits choline aoetylase 

which catalyzes aoetylcholin production . Recalling the 

role of acetylcholine as a chemical transmitter for the 

nerve impulse , and postulating the same mode of action 

for propargylglyoine , we can thus have a possi ble ex

planation of the ataxic behaviour of the rats upon admin

i stering propargylglyoine . 

Although we stressed here the probability of 

addition of the triple bond to the sulfhydryl group , we 

should not forget the possible addition to other nucleo

phalic groups such as hydroxyl , eto ., of the various cell 

constituents and also the probable action of propargyl

glycine as an antagonist to one or more of the essential 

amino acids . The persistence of hind leg paralysis , even 

after returning the animals back on propargylglycine-free 

diet , indicates that the administration of relatively 

large amounts of the compound probably leads to permanent 

lesions in the nervous system. 

I n fact , propargylglycine may be acting through 

all these mechanisms simultaneously . 



CHAPTER VI 

SUMMARY 

The ettect of propargylglyclne on young rats and 

adul t mice vas investigated. The compound was found to 

be unexpectedly toxic at comparatively loy levels. 

The incorporation of as low as 3 mg. in 6.5 g. ot 

a synthetic diet, which would otherwise sustain normal 

growth, has severe toxic effects in~he case of the rat. 

The syndrome included spasmic paralysis of the hind legs, 

hypersensitivity, ataxia, amino-aciduria, loss ot appe

tite and loss ot body weight. 

Administration ot the compound by subcutaneous 

injection in the young rat resulted in the same symptoms. 

The average lethal dose was 285 mg. of propargylglycine 

per kilogram ot body weight. 

In the case of the mouse, the syndrome was general 

hypoactivity interrupted by sudden attacks of hyperactiv

ity, running, climbing and biting. The attack sometimes 

leads to violent convulsion, ending finally with death. 

The average lethal dose was 311 mg. per kilogram ot body 

weight. 
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The results show that propargylglycine acts more 

than as an amino acid antagonist . The great similarity 

of propargylglycine toxicity syndrome to that of heavy 

metal and iodoacetate toxicity suggests the probability 

that the compound is acting through the addition of the 

triple bond to the nucleophilic groups of the various 

cell constituents in general , and the sulfhydryl groups 

of several enzymes in particular . The probable inhib

ition of the enzyme choline acetylase lhich catalyzes the 

formation of acetylcholine is suggested . Although pro

pargylglycine as such is not expected to be aotive in 

this sense , its oxidative deamination product , namely 

acetylenepyruvic aoid , or other degradation produots , 

are probably active . 

However , the complexity of the syndrome , the ir

reversibility of some of the symptoms , and the failure 

to protect the animals by administration of several 

dietary or metabolic factors , infers that propargylgly

cine is probably acting through more than one pathway . 
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