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BIKE:.; jouR\AL 6.1.7 (1963)

Resistance to the Drug Propamidine in Leishmania donovani*

EARL D. HANsoN, To SHIO NAKABAYASHi, MASAHiDE ISHiBASHi
AND SHOZO INOKj**

I. CIOncs of L, 1,111^^anja dono"""j were obtained and maintained b, in allyo cultjjre.

2. Propainidine \\as round to killihe organisms in aji, Din concentrations or 4-, ugjml or hi Iter.
At I - 214gjml Ihc population size remained more or less stationary over a three week period. At
0.5 Ag/inI growth occurred but it was significantly less than at 0.25 11g/inI \\. ITicli was similar to
untreated controls

3. Organisms able to sur\, Ive and gro\\. in the presence of 0.5 ,"g/inI or tile drug a ear with
a 11'eqtiency of about 1.1'160 normal cells.

4. This Irequenc\. or origin is too high to be accounted Ibr by a spontaneous mutation rate,
hence it is concludec[ that resisiance is an induced change in responsc to contact will] the drti

Depar!men! of Pro!o<00!0gy, The Re, ear, A InJin"Ie for
Microhi"! DiJe@Je$, 03ak" U, Ii, erri!y, Of@kg
(Recei, ed/o1'111b!ita!ion, Febr"@0, 19,1963)

Explanations of the appearance of variants in populations of microorganisms
have usually depended on one of two IJasis mechanisms. Either the variant is the
result of inutatioil followed I)y selectioiT or it is the result of chanoes induced b
th, "nvi", rim. nt (Lu"in and Dull^"ink 1943, B"won and Say^hatski, 1955). The
frequency of orig!IT of the variant can I)e of key importance in choosin. ' between
these alternative explanations. For the mutation selection ITypothesis de ends on
spontaneous inutatioil as the source of variation and hence the frequency of ori in
cannot exceed the mutation rate-a value of the genei. a1 o1. der of 10~5 or 10~6. Rates
of origin significantl\, I)elo\\, this suo'gest the mechanism of induced chanoes

The experimental work which has been used to develo thc foreuoin ideas
has been derived largely from the study of I)acterial po tilations. ExteilSIoil of

Suit{A, IARY

INTRODUCTION
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these studies to other cell systems is needed both to examine the general validity
of these explanations and to analyze variation In nonbacterial cell populations.

The aim of this paper is to present a study of the frequency of appearance of
drug resistant forms in a parasitic, flagellated protozoan, when grown in allyo. As
will be seen from the experimental data, the rate of appearance of resistance is too
hidh to be accounted for IJy spontaneous mutation. We tentatively conclude that
resistance is a response by the organism to an environment \\, hich contains the
drug.

2

The organism used was Leislima"i" '10/10, an;, sirain JOEL, o11taincd by Pro1Csso^ In oki from
South America. The organisms were culturecl in test tubes of Tanabe s nTediunt (inoki, I\akanishi,
\akabayashi, 1958).

A line initiated from a single cell Isolation was used throughout this work. This clone was
ohtaii, ecl bv lising a modification or Trioki's technique for iso1atiilg single cells of 71:Inario$"Ina (Trioki,
1960). The details of the IeclLnique arc as follows.

I. Place a small drop of sterile Tanabe's medium into the depressioiT or a shallow depression
slide

2. IntrodLice a loopful or L. dono"ani culture Into the sterile medium.
3. \\;jilt a sterile micropipeite (internal diameter about 50 11) place at least ten small clrops or

the dilutecl culture on a sterile coverslip and invert this coverslip ovcr 111c depression of a fresh, sterile
deprcssioit slide.

+. Countihe number or orgaitisms per microdrop with a low PCwei objective; any drops which
appear. to have only one organism must be further checkecl under ITigher nlagriification. for. possible
agglomeration or more IhaiT one organism

5. 11 the average number of organisms per nTicrodrop is suclt that one drop is not Linexpected,
isolate 111e drop onto a sterile fragment or a coverslip which is stuck to the underside of a large sterile
co\'CTSlip I, y Tanalie's medium, and inveit again over a sterile depression

6. Check the nticrodrop again for presence or a single flagellate. 11 prcseiii, remove Ihc
coverslip fragment with its microdrop by means of sterile forceps and introduce Ihc ITagnient in 10
siCrile Tanabe's ritedium containing Cltloramphenicol (about 10 jig!in I) to inhibit bacicrial con-
iantination

in Ihc case 111 Ihc clone used here, out of the elcvcii drops examii, cd (step 5), six Ilad no nagcl-
lates, three contained one Ragellatc, one it acl two, and one had a small agglomeration of flagellates
The single cell came Ironl one or three microdrops containing a single flagellate apiece

Qtiantitati\. e measurements or growth were nTade by Tliomas liemocytometer cell connLs
The cells were immobilizecl for Ihis pLirpose by mixing equal \. o1umes or the culture and a nTeihylcilc
blue-formalin solutioil (1:20,000 riteihylene blue in 2 per cent formalin)

The propamidine was obtained by Professor Inoki through Ihe conrLesy or ;\It. K. NilzobLiclii,
DCpariment or Genetics, Carnegie Illsiituiion or \\lashing ton, Cold Spring Harbor, :\c\v York,
U. S. A

IVIATERIALS AND METHODS

we shall first describe the growth of L. dollouaiii in the presence of varying
concentrations of propamidine and then describe the frequency of origin of I. e-
SIStant forms in a given concentration of the drug.

RESULTS
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Figure I shows the results of growing L. donoumii, strait\ JOEL, clone 6, in the
presence of vary, ing concentrations of propamidine. In this experiment an initial
concentration of 4.16 xi04 omanismslml was used, the sample being taken from
a resting phase stock culture. The concentrations of drug were 16.8, +, 2.1,0.5,
and 0.25 11glml, respectively, in each of seven tubes. In addition there was one
control tube lacking the drug. The concentration of oruanisms was determined
I)y ITcmocytometer counts over a period of 21 days.
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Certain general conclusions are illustrated I)^ this fi. 'ure. I) The three hio'heSL
concentrations of Ihc drug resulted in disappearance of the Hao'GIIates. Even
wlten the size (un to 1.1 XI05jml) and physiological state (from 100 phase stock
culture) of the Inoculum \\, ere varied, this same result appeared. 2) In the next
highest concentrations (2 and I 41gjml) inotile Ragellatcs PCrsisted for' the duration
of the PCriod of onscrvation, I)ut they, showed no increase in numlicr, sri estiil
that at these concentrations thc drug may have some sort of leislTinaniostatic effect,
rather than the leislTmaniocidal effects of the higl\er concentrations. These res it
were also seen in other runs of this same experiment. 3) Finally, at the lowest
concentrations used, the drug had a small or no effect on Ihc growth of thc Hauellate.
At 0.5 14glml, gro\\'tlT in the presence of the druo was sio'nthcantly I>elo\v the con-
trol level. However, at 0.25 14glml, the effect, if any, is dimcult to establish. The
considerable divergence of the curve from the control on the 18tlt day 15 Linex-

o

Fig. I
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plainable and inconsistent with the otherwise similar growth of these two cultures.
We tend to the view that this difference Is not significant, and that 0.25 14glml of
the drug is not effective against leishmanias grown under these conditions.

As a result of the foregoing it was decided to use a drug concentration of 0.5
14glml in the attempt to determine the frequency of origin of forms capable of
growing in the presence of the propamidine.

The rationale of the experiment was the following. Assuming the origin
of resistant forms has a finite probability, this can be determined by use of the
first term of the Poisson distribution (Saga. and Ryan, 1961) Po-e~' where FD
is the probability of no growth (lack of resistance) in a set of samples, e Is the base
of natural 100arithms, and in is the mean number of organisms per sample capable
of growth under the conditions of the experiment. By observing two series of
tubes, both inoculated with L. dono"ant, but one containing the drug ( - experi-
mentals) and the other lacking it ( -controls), we can determine for each series
the value of Po (the fraction of tubes showing no growth). From this we calculate
in for each series and the ratio of in from the experimentals to in from the controls
will be a measure of the frequency of resistant forms.

The desion of the experiment was as follows. To 110 inI of Tanabe s
nTedium, containing 12 14g chloramphenicol per inI, there were added log phase
Lei3hmaiii" sufficient to give a final concentration of 31ml of n}edium. This
inoculum size \\, as determined after two preliminary trials with larger Inocula,
both of which have 100 per cent survival in all experimental Iul, es. One other
trial using the inoculum size given here gave results similar to those reported
below. From this work it was obvious that the resistant forms arose in a high

frequency and a small inoculum was necessary. This material was dispersed
as follows: 1.0 inito each of 100 tubes (C tubes) and 3.0 inIto each of three tubes
(C' tubes) . This is the control series. The experimental series of tubes was
identical to the foregoing except for the added presence of 0.5 14g propamidinejml
of medium. Thus there were 100 E tubes, with 1.0 inI apiece, and three E tubes
with 3.0 inI apiece. The growth of organisms in the C and E tubes was'de-
termined by hemocytometer counts, which are presented in the left half of Table I.
After growth had entered the log phase in the C' cultures, fresh culture medium
was added to all tubes. To the C and E tubes 1.0 inl of fresh medium was added,
thus reducing the possible concentration of the drug to 0.25 11glml. To the C'
and E' tubes fresh medium was added equal to the fluid remaining after the
removal of samples for. counting.

The reason for. adding fresh medium was to encourage growth of any cells
that could still do so after exposure to the drug.

Again counts were made on the C' and E' tubes (right half of Table I) and
when growth was indicated to be in the log phase, all C and E tubes were ex-
amined for the presence of vial)Ie flagellates. The results are that 41100 C tubes
showed no growth and 98/100 E tubes showed no growth.

HANSON NAKABAYASHl, ISHIBASHI AND INOKl
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Table I. The Number of I. donovoni per one inI of Culture before and after Addin
Fresh Tonobe's Medium

IC' - tubes initially containing 3 in I of medium und no drug; E' - tubes
initially containing 3 inI of medium plus 05 119 propamidine, 'in 11

Tube Ino c- 51h 10th 16th 18th 23rd
ulum day day day day dayno

3 o ^E;o

O 2:;104 1144/1043

3 o

Tube
series

c' 2

3

3 o o o

2 3 o o o

3 3 o o o

* Based on one organism/hemocylometer field
eniiiy might have been on arteioci

E'

DISCUSSION

By use of the first term of the Poisson selles, as applied to the C tubes, we see
that P0 -0.04 and solvin. for in \\, e find that 111-3.22, \\, hich means, on the avei'a e
there were 3.22 vial)Ie cellsjtubc in this series. This agrees ver closel with the
calculated inoculum of 3.0 cellsjtube. On the other hand, solving in for. the E
tubes gives a value for. in of 0.02, meaning that on the averaoc there was 0.02
organisms capal)Ie of growth per tube containing 0.5 Ary of propamidinc. B
comparing thcse two values for in \\, e see that resistant forms are 160 times less
frequent than the normal forms. Or, to stale it another \\, ay, resistant forms arc
present o1} the average once in every 160 cells.

This frequency of resistant forms is too hiuh to I)e accounted for on the Iias'.
of gene mutation, in contrast to the common situation am on"' I)acteria (for
example, Demercc, 1948). \,\'e therefore must look for some alternative expla-
nation. In the introduction to this paper, it was stated that the classical alterna-
tive Is to propose a change induced I^, the environment, hut before turnin to
this possibility we must examine certain others'

The high frequency of resistant forms could I)e the result of an abn . U
high mutation rate, or, the result of mutation occurring earl in the establishin t
of the clone and random samplino of the culture, as occurred dunn montllI
serial transfer, may have resulted in a heteroueneous population containin To uuhl
one resistant to every 160 sensitive cells at the time the clone was used for th
experiment reported above.

There is no evidence in the protozoa to Indicate a mutation rate of the ordcr

of 11160. This, of course, does not disprove this possil)nity but it does render it
highly unlikely.

The other possil)jilt\, is not so unlikely for the following reason. Dunn
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serial transfers, calculations indicate, approximately 3.6 x 10 organisms are intro-
duced into the fresh medium. * A mutant arising at the time of transfer would
not rrive the necessary ratio of 11160. One \\, ay to get this lower figure Is to
postulate that the necessary mutation occurred early in the establishment of the
clone - for. example, netween the seventh or eighth fission when 128 to 256 cells
were present - and this heterogeneity then persisted for about 12 tiansfers, since
the final experiment was performed about one year after obtaining the clones and
subculturing was done at least every month. This possibility cannot be disregarded
since it would simply demand that on the average about 22 resistant cells IJe
transferred at every subculture.

There remains, however, another consideration which opposes the mutation al
origin of the resistant forms Iiy either high mutation rate or IJy origin of a mutant
early in the establishment of the clone, ancl this Is the graded response to different
doses of the drug. (Fig. I) The argument is as follows. A cell is resistant to
a o'1ven degree as a result of mutation, or it remains sensitive. Hence, resistant
cells do not show a orowth rate that varies with each dosage of the drug to \\, hich
they are exposed. They are resistant tl. rough several dosages up to a certain
level and then anove that a further mutation Is often necessary (Demerec, 1948,
and others) which confers another level of resistance. Our curves show neither
a single phenotypic response to drug exposure nor. evidence for. a step-\\, ise
accumulation of resistance. The curves are best Interpreted as showing an effect
of propamidine on growth rate, \\, hich effect increases with concentration. An
Qin' data show further, that not all cells respond similarly to this effect, some a, c
more resistant than others, i. e. at 0.5 11glml about 11160 are resistant and al)Ie to
sho\\, significant growth

The final possibility remains then of aiT induced change, a physiologically
adaptive response to the drug. If one could apply a fluctuation analysis (LUTia
and Delb"irk, 1943) or .ne of its inodin. atI. us (N. w. .rub. , 1949; Engli^h and
MCCoy, 1951) a clear decision between this and the previous alternatives \\, ould
be possible. However, the fluctuation analysis necessitates a I>Iating technique, or
its equivalent, \vhicll will cletect the nilmber of individually resistant cells in a
given sample, and, unfortunately, such techniques are at present unavailable in
the study of L2i$finidnift. (The present authors made several tinsuccessful attempts

HANSON NAKABAYASHl, ISHIBASHI AND INOKl

* The basis for tile calculation is the following: Cultures more than 20 cla\'s old have heelt round
to It a\. e, o11 thc average, 2.5 x 100 Leisltmanialml. However not all or these late resiing stage
forms are viable upon transrei. . In one study of this problem the dccrease in colIn table cells
folio\\. ing addition of IrcslT culture fitiid \\. as by a factor of seven, i. e. one seventlT of the cells originally
present were round, by careful counting, to bc prcscni in the culture two days later. HeIlcc, o1t
11te average about 3.6 x 105 cellsjml are viablc on transfer. However the total number transfcrred
depends on the volume or the loop LIScd; in our work a loop whose internal cliameter was about
3-4 mm was usecl and sucll a loop ITas a maximal capacity of 0.01 inI. Hence eacll transitr con-
SISied or about 3.6x103 viable cells.



to develop such methods. )
Our conclusion, then, is that probably some induced change is responsible for

the appearance of propamidine resistant LeiJhmniiin. There is aeneral precedence
for. such a conclusion in the cases of induced heritalile chanues of antioenic tvpes
(11\oki, 1952; Inoki 81d/., 1957, in the closel\, related fomT Tonalinfomn; Sonne-
born at "!., see revie\\, by Beale 1957, in Pniamacii{in). NIOre specifically, Iiroto-
zoaiT drug resistance (rcviewed I^, Schnitzer and CTunl)erg, 1957) ITas I)eelT in-
terpreted as an adaptive response, thougl\ this conclusion is not I)ased o11 the
quantitative analysis of the frequency. of origin of resistant forms, such as I. cportcd
here. Furthcr \\, ork is needecl to detei. mine the nature of this postulated induced
charge.

\\re are thereforc led to the conclusion that resistance is an induced change
in Ihc flagellates, presumahly a response to the presence of the druo' since this is
the only difference betwccn the C ancl E tubes.

This same conclusioiT has been reached in other studies on the protozoa
(Schnitzer and Grunher0,1957) lint in ITonc of these has there liecn a quantitative
analysis of the frequency, of origin of resistant foi'ms. such as that CICScril)cd ITerc,
which can eliminate the possibili^, of genc mutation-selcctioi. as a possil)IC expla-
ITation of this phenomenon.
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