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Abstract

Cyclosporin-A, a drug possessing potent immunosuppressive properties, is used to prevent allograft rejection. Cisplatin and doxorubicin
are two of the pharmaceutical drugs most widely used in cancer chemotherapy. In this study, the cytotoxicological impact of these three
therapeutic agents was determined using bioassays performed with a unicellular eukaryote, the ciliated retiedgemena pyriformis
For this purpose we used the population growth impairment test and the non-specific esterase activities test. We also examined somg
morphological effects. The results show that these three agents are toxic tGwpydigormis A concentration-dependent inhibitory effect
on the cell proliferation rate of. pyriformispopulations was found for the three drugs. T values were, respectively, 43 + 4.64,

12437 + 7.47 and 7462 £+ 6.12 pM for cyclosporin-A, cisplatin and doxorubicin. Non-specific esterase activities were also modified
compared with untreated cells. Th€sg values were, respectively, 32+ 8.35 and 4461+ 3.33 pM for cisplatin and doxorubicin. Exposure

of T. pyriformisto these drugs caused the prompt appearance of digestive vacuoles concentrating particulate elements. This phenomenon wa
more pronounced at higher concentrations. We also observed deformed cells with ci3paiformisbioassays can offer an alternative

in vitro method to cell cultures for the risk assessment of potentially toxic drugs.

0 2003 Editions scientifiques et médicales Elsevier SAS. All rights reserved.

Keywords: Tetrahymena pyriformi€ytotoxicity; Cyclosporin-A; Cisplatin; Doxorubicin; In vitro alternative test

1. Introduction ing antigen presentation [8,38,40]. Suppression of allograft
rejection in humans can usually be achieved by maintaining

Cyclosporin-A, cisplatin and doxorubicin are three phar- Cyclosporin-Alevels at 100-300 yigas measured by HPLC

maceutical agents with known toxicological issues in hu- inwhole blood [27]. o

mans. Cisplatin is an anticancer agent similar to heavy met-
Cyclosporin-A is a cyclic peptide produced by soil fungi, als, which is gxtensivgly ysed .in cancer chemotherapy ei-

first isolated fromTolypocladium inflatumGams. It pos- ther alone or in combination with other drugs. It is a non-

sesses a highly selective immunosuppressive activity, and is2r9anic complex based on platinum. Its antitumor activity

used in clinical practice in transplantations. Cyclosporin-A was f|_rst _r_evealed_ t?y Rose_n_berg _et al. _[31]' Oncht_h;a‘orm
associates with a cytosolic receptor, cyclophilin, which be- has S|gn|f|cant clinical a_ct|V|ty. Cisplatin acts m'c_nnly by th_e
longs to the immunophilin family. The target of this complex formatlon_of adducts with both nuclegr a_nd mitochondrial
is a C&* calmodulin-dependent serine-threonine-specific DNA. It binds, after loss of two chloride ions, to two ad-
protein phosphatase, calcineurin [20]. This drug inhibits sig- Jacent guanosines in DNA, causing a I_ocal conformational
nal transduction events required for T-cell activation follow- change in the molecule and the inhibition of DNA synthe-

sis [28,41].
Doxorubicin was isolated at the HCI salt and not the free
* Corresponding author. base fronStreptomyces peucetisgbsp.caesiusArcamone
E-mail addressJ-Louis.BONNET@u-clermontd.fr (J.-L. Bonnet). et al. Itis an antineoplastic cytostatic antibiotic, belonging to
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the anthracycline group. Besides the intercalation of doxoru- 2. Materialsand methods
bicin with DNA, the overall effects are complex, with chro-

matin condensation and inhibition of DNA and RNA syn- 2.1. Chemicals

thesis. Doxorubicin also acts directly on the cell membrane.

Maximum toxicity occurs during the S phase of the cell cy- Cyclosporin-A (Aldrich, Ref. 30024, purity-98.5%)

cle, and chromosome aberrations are also observed. Thisyas dissolved in DMSO (Sigma). Cisplaticig-platinum(Il)

drug is widely used in medical oncology (acute and chronic diamine dichloride (Sigma, Ref. P4394)), a yellow freeze-

leukemia, Hodgkin's disease, lung cancer, breast carcinomadried powder, was dissolved in DMSO. Doxorubicin (Teva

ovary cancer, soft tissue sarcomas and osteogenic sarcoma&harma) was an orange-red injectable solution, with each

and pediatric tumors) [10]. flask containing 10 mg of doxorubicin hydrochloride in 5 ml
To our knowledge, no in vitro investigation has been per- (2 mg/ml). Excipients were sodium chloride, hydrochloric

formed on the same model with these three pharmaceuticalacid and water for injectable preparations.

drugs, enabling assessment of their relative cellular toxic-  For bioassays, final tested concentrations were 70, 60, 50,

ity. 40, 30, 20, 10 and 5 my¢y The amount of solvent (DMSQO)
The in vitro cellular model used in our worRetrahy- added was 0.5% (v/v).

mena pyriformisis a ubiquitous freshwater ciliated proto-

zoan which has a number of characteristics offering advan-2.2. Cell culture

tages for toxicity studies. The physiology and biochemistry

of this eukaryotic cell are well-known [11]. It can be easily  The ciliated protozoar. pyriformis amicronucleated

cultured axenically in a small volume of a complex culture strain GL, was grown axenically at 28 in proteose-

medium. This ciliate is characterized by a short generation peptone yeast salts (PPYS) complex medium (pH 6.8-7.0)

time, apprOXimately 3 h. Thus, the effects of test SUbStanceSContaining 0.75% proteose peptone (DifCO, Detroit, Ml,

can be studied over a brief period through several genera-ysa), 0.75% yeast extracts (Difco), and inorganic salts [29].

tions. The cells were maintained in exponential growth phase
Numerous studies have shown this ciliate to be a conve- py reseeding in PPYS liquid medium. During the growth, the

nient model for the toxicological evaluation of various sub- cell density increases logarithmically up to around 130000

stances such as carcinogens, insecticides, fungicides, mycocells/ml, and then a pre-stationary growth phase followed

toxins, organic chemicals, heavy metals and pharmaceuticalpy a true stationary phase are reached [23].

drugs [3-5,16,25,36,39,48,49]. In two review articles, Nils-

son [25] and Sauvant et al. [36] confirm tiatpyriformisis 2.3. Population growth rate test

a choice test system for the assessment of xenobiotics and

drug toxicity. Test cultures were prepared by inoculatiigpyriformis
Several test methods for toxicity studies using this cell fom a stock culture into 100 ml of PPYS in 500 ml conical
have been proposed [1,6,15,18,26,30,33]. Various criteriafiasks, Fifteen hours later (time=97p), the chemicals were
for cytotoxicity assessment (e.g., death, immobility, repro- 5qded to the culture during the exponential growth phase
duction, growth, physiological functions, genotoxicity, use (10 cells/ml at time Tp). For cyclosporin-A and cisplatin,
of biomarkers) can be employed. the tests were performed with the different dilutions from
In this study, the toxicological effects of three therapeutic stock solutions (70 md). For doxorubicin, different vol-
targeting agents, cyclosporin-A, cisplatin and doxorubicin ymes from the injectable solution (2 gl) were added in
were evaluated using th& pyriformis population growth  accordance with final desired concentrations.
impairment test (population test) and thepyriformisnon- Results were obtained with different concentrations of the
specific esterase activities test (FDA esterase test). We alstagent and two controlsT( pyriformisin culture with and
studied some morphological effects (phagocytosis and cell without DMSO 0.5%). The flasks were incubated at@8
deformation) by photon microscopy. without shaking in darkness. One-milliliter aliquots were
The aims of the study were firstly to assess the relative withdrawn from the cultures just before treatment with the
toxicity of these three agents for the first time on the same substanceZ) and then every hour for 9 h, corresponding
in vitro cellular model (ciliated protozoam. pyriformis, approximately to three generations for control culture. The
and secondly to show that pyriformisbioassays can offer  samples were fixed with 1 ml of 4% formaldehyde and di-
an alternative in vitro method for the risk assessment of luted with 8 ml of Isoton If. The cell density was deter-
potentially toxic drugs. mined electronically with a model ZM Coulter Courfer
This study is part of joint work carried out by several (Coultronics, Toronto, Canada).
Cell Biology Departments in French Schools of Pharmacy, = The growth dynamics of the populations was evaluated
to assess the potential toxicity of some xenobiotics and by plotting time versusD, /Dg ratios, whereD, and Dg
other substances with therapeutic aim on various cellular are cell concentrations at tim& + x hours and timeTlp,
models. respectively. The populations were characterized by their
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generation timéGT), i.e., the time required for th®, /Do 2.5. Morphological study
ratio to increase from 1 to 2.

In the presence of toxic compounds, a decrease in cell Morphological observations have been performed by
growth was noted, inducing an increase in generation time. photon microscopy (Leica). Living cells were withdrawn
The generation times of the control populati@7 C) and from the cultures and immediately observed at different
of the substance-treated populatiofGTT) were deter- magnitudes.
mined. For each concentration, the relative generation time
(RGT), expressed as percentage, was calculated using the2.6. Statistical analyses
ratio: RGT =[(GTT —GTC)/GTC] x 100.

The relative toxicity of the tested substances was quan- Linear regression analyses were performed with Mi-
tified by determining the median inhibitory concentration crosoft Excel 2000 software.
(ICsp), which is the concentration required to induce a 50% A Student’st-test was used for the statistical evaluation
increase iNRGT, i.e., 50% decrease in cell growth com- 0f the data. A probability value aP < 0.05 was considered
pared with the untreated cellsCsp values were calculated  to be significant.
by linear regression analysis, and the data were fitted to the
following model: RGT (%) = a(concentration+ b.

For each tested agent, we carried out three independen8. Results

experiments to determine exdaf'sg values using inhibition _ _ _
of population growth as a criterion. 3.1. Effects of the different agents on theyriformis

population growth rate

2.4. Non-specific esterase activities ) ) _ _
DMSO used to dissolve cyclosporin-A and cisplatin has

Esterases are ubiquitous enzymes present in the cells of?© €ffect on the development of tfie pyriformis popula-
all living organisms. Non-specific esterase activities were tions in the final concentration of 0.5% that we selected.
measured by the method described by Bogaerts et al. [6]’More0\_/er, no cellular alterations were _observe_d for_ con-
which we modified. The experiment consists in the hydroly- Centrations<2.5% [21,22].1 Cso values withT. pyriformis
sis of fluorescein diacetate (FDA) and the spectrofluorimet- Were 33000t 8976 mg/ for population growth test and
ric quantification of the free fluorescein. The non-polar FDA 24520+ 2720 mg/ for esterase test [6]. The carrier sol-
enters the cell where it is hydrolyzed by esterases to yield Vents for doxorubicin have no effect Getrahymena
fluorescein, which is retained by the cell [32]. The degree of ~ €oncerning cyclosporin-A, Fig. 1 reports the results of
fluorescence depends on the physical and metabolic state oPN€ experiment (experiment 3) showing the time course of
the cell and has been demonstrated to be a reliable indicator?x/ Do ratios, the evaluation of the generation imes()
of the potential toxicity of a chemical [2]. and FheICso value. Addition of cyc_Iosporln—A to the culture _
A T. pyriformisculture in exponential growth phase was medium produces a concentration-dependent decrease in

centrifuged for 10 min at 30g, and the supernatant was POPulation growth (Fig. 1a).

discarded. Thé&. pyriformispellet was suspended in Volvic The plot of log Dx/ Do) against time (Fig. 1b) yields the
mineral water to obtain a concentration ok4.03 cells/ml. characteristicGT of the control culture and each treated

One milliliter of this dilution was incubated with agents Population from the linear equations. The doubling of the
for 1 h (at 28C, in darkness). After incubation, 1 ml of Cell densities D,/ Do = 2) corresponds to logD. /Do) =
FDA (Sigma) stock solution (5 mignl in DMSO), diluted 0.301. For example, from the linear equation of 9 h control
in Volvic water to obtain a solution at 4.8 pM, was added
(final concentration of DMSO, 0.12% (v/v)). Each toxicity Table 1
test included various agents concentrations and two COer|S,Effects c_>f cyglosporin—A, cisplatin and doxorubicin on population growth
FDA in Volvic water to measure self degradation of this C°f - Pyriformis evaluation of the averageCso
substrate and FDA witfi. pyriformis(untreated cells). After Cyclosporin-A Cisplatin Doxorubicin
15, 30, 45 and 60 min, the amount of free fluorescein was mg/l WM mg/l WM mgl M
measured by a spectrofluorimetric reader (Kontron SFM 25) Experiment1 554 4785 3908 13027 4666 8045
using a 485-nm excitation filter and a 510-nm emission filter. Eigzmzmg igé gé;g gg%g ggg; gggg Zgig
Experiments were repeated three or four times.

The aim of this test was to determine the median in- Mean 505507 4203 37.31%% 12437 4328”7 7462°
hibitory concentration{Csp), concentration required to in- 557 464 224 rar 355 612

. . CV (%) 1102 1102 600 600 820 820
duce a 50% decrease in the fluorescence compared with

the untreated cells. For each assafso value was de- SD = standard deviation; C¥ coefficient of variation; puM: different small

termined by "ne_ar regression ana'YSfiS- The data were fit- eyers for means indicate statistical differences< 0.05); mg/I: different
ted to the following model: decrease in fluorescence£%) capital letters for means indicate statistical differendes< 0.05), identical
a (concentration+ b. number and*indicate no statistical differenag? < 0.05).




378 J.-L. Bonnet et al. / Research in Microbiology 154 (2003) 375-385

—— control
——5mg/l
--®--10mg/l
=3 —O—20 mg/l
g —&— 30 mg/l
= = =& — 40 mg/l
—— 50 mg/l
—<0— 60 mg/l
- -4 --70 mg/l
0 60 120 180 240 300 360 420 480 540
a time (min)
M control =70 mg/l ¢ 60 mg/l 50 mg/l A40mg/l A30mg/l O20 mg/l ® 10 mg/l O5 mg/l |
0.9 - y=0.0016x +0.0217
R?=0.9945 (control)
0.8
y=0.0016x +0.0139
07 R*=0.9973 (5 mg/l)
y =0.0015x + 0.0085
0.6 R*=0.9966 (10 mg/l)
S o5 y=0.0014x - 0.0018
e R2=0.9955 (20 mg/l)
K 04
g v y=0.0013x - 0.0053
3" 03 | R® = 0.9968 (30mg/l)
y=0.0012x - 0.0114
0.2 R*=0.9924 (40 mg/l)
o1 4 y=0.0011x + 0.0054
' R*=0.9910 (50 mg/l)
0.0 2 . . y=0.0010x +0.0022
240 300 360 420 R’ = 0.9893 (60 mg/l)
-0.1 y=0.0010x - 0.0105
b time (min) R” = 0.9860 (70 mg/l)
90 -
80
=
g // = 1.1565x - 0.7721
= y=1 x-0.
= o~ 060 2
R”=0.9925
% § 50 /(
o qé 40 /
2 s 30 /
<]
<
= 20 /
o /
0 . : : : ; . . )
0 10 20 30 40 50 60 70 80
c concentration (mg/l)

Fig. 1. Effects of cyclosporin-A on population growth Bfpyriformis(results of experiment 3). Time course of growth dynamics (a), evaluation of generation
time (b) and/ Csq (¢). Dy and Dg are cell concentrations at timé&g + x and T, respectively.

culture(y = 0.0016¢ + 0.0217), we deduce that the average dependent inhibitory effect on the growth ®f pyriformis
GT is 175 minutes for the experiment length (9 h). We populations with an averageCsgp of 50.55+ 5.57 my/|
proceed in the same way for all the experimental series, equivalent to 403+ 4.64 uM over a period corresponding
with calculation of all relative generation timgRGT). to approximately three generations of the control population.
The plot of RGT (%) versus concentrations is presented in ~ The same type of representation and analysis is applied to
Fig. 1c. Thel Csp value can be determined mathematically cisplatin. Results of one experiment (experiment 3) are re-
from the linear regression equation, here 43.90Inoger a ported in Fig. 2. Addition of cisplatin to the culture medium
period corresponding to approximately three generations ofcauses a decrease in the population growth (Fig. 2a). For
the control population (i.e., 9 h). all the concentrations higher than 20 fhgwve observe an
The results of the three independent experiments (Ta-inhibition of the population growth during the first three
ble 1) show that cyclosporin-A exerts a concentration- hours. This inhibition is total throughout the experiment
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Fig. 2. Effects of cisplatin on population growth &fpyriformis(results of experiment 3). Time course of growth dynamics (a), evaluation of generation time
(b) andICsq (c). Dx and Dg are cell concentrations at timé&g + x and Ty, respectively.

(9 h) for the concentrations equal to or higher than 50Ing  considered for the evaluation of tli€'sg value: 38.70 mgl

The growth resumes at aboilig , for the culture treated  in this experiment (Fig. 2c).

with 40 mg/l and at aboufs n for the culture treated with For each culture, a count was performed at tifhg

30 my/l. (Table 2) to evaluate whether all the populations had been
In this experiment, and by applying the same method either continuing (5-40 mf) or starting growth (50—

as for cyclosporin-A, we determined the concentration of 70 mg/l). Control culture and populations treated with 5

cisplatin that causes a 50% decrease in Th@yriformis to 40 mg/l of cisplatin continued their growth and reached

population growth. It was estimated th&f values from practically the pre-stationary or true stationary phase. The

linear equations related to 30 and 40 fhgvere not in populations treated with 50 to 70 migf cisplatin which did

agreement with an optimal correlation (Fig. 2b). Thus, not double after 9 iDg /Do < 2) had started their growth

only concentrations equal to or lower than 20 fhgere and we observed 3 to 4 generations after 24 h.
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Table 2 Table 3
Effects of cisplatin on population growth df. pyriformis number of Effects of cisplatin and doxorubicin on non-specific esterase activities of
cells/ml at timesTg ,, Tg  and 724 ; mean of 3 independent experiments  T. pyriformis evaluation of the averagiCsg at 71 + 45 min FDA

Toh Toh Togh Cisplatin Doxorubicin
Control 6330:110  45516:1663 283138 3063 mg/I HM mg/!| HM
Cisplatin 70 mgl  5479+569 8050+ 970 46413t 838 Experiment 1 309 10163 2570 4431
Cisplatin 60 mgl 6288+ 453 9305+ 795 643624138 Experiment 2 259 7863 2833 4884
Cisplatin 50 mgl 6028+ 243 904A 393 82438t 8063 Experiment 3 2616 8720 2360 4069
Cisplatin 40 mgl 5395+ 150 1005Qt 110 95763t 11888 Experiment 4 254 8580 - -
Cisplatin 30 mgl 5604+ 209 139006t 1250 121025-11875
Cisplatin 20 mgl 54684643 224752385  21805@ 16250 Mean 2650° 88.32° 25.88" 44612
Cisplatin 10 mgl 5873+108 32524+ 397 248575 8800 SD 250 835 194 333
Cisplatin 5mgl ~ 5939+212 372471194 2722756475 Cv (%) 943 945 750 746

SD = standard deviation; C\ coefficient of variation; pM: different small
_ ) letters for means indicate statistical differen¢®s< 0.05); mg/I: identical
The results of the three independent experiments (Ta- capital letters for means indicate no statistical differee< 0.05).

ble 1) indicated that the average’sp for cisplatin was
37.31+ 2.24 mg/|, equivalent to 1287+ 7.47 UM over a
period corresponding to approximately three generations of
the control population.

The addition of doxorubicin to the culture medium also
affects the dynamics of the protozoan population develop-
ment in a concentration-dependent way. Fig. 3 reports the
results of one experiment (experiment 2) showing the time
course ofD, / Dg ratios (Fig. 3a), the evaluation of the gen-
eration times (Fig. 3b) and thECsq value (Fig. 3c). In this
experiment, the concentration of doxorubicin that causes a
50% decrease in cell growth is 44.80 phgThe average
I Csp determined from three independent experiments (Ta-
ble 1) was 43.2&3.55mg/| equivalent to 74.626.12 uM

over a period corresponding to approximately three genera- )
v per sponding pproxi y g averagel Cso was 26.50+2.50 mg/l equivalent to 8832+

tions of the control population. . . .
- o . 8.35 puM for cisplatin and 288 £ 1.94 mg/| equivalent
Th ff f vV Table 1. .
e coefficients of variation (CV) are reported in Table to 4461 + 3.33 uM for doxorubicin. The values of the

The values lie between 6.00 and 11.02 % for the three tested . L .
substances. This indicates a good reproducibility for this coefficients of variation (CV) lie between 7.46 and 9.45%.

test This indicates a good reproducibility of the results for the

From a physiological point of view, it seems better to estgrase _teslt. | Student h h
express the results of the relative toxicity of the three tatistica ana yses (Stu .en.tjstest) S QWt at average
therapeutic targeting agents in uM rather than irying ICso values in UM were significantly different between

Statistical analyses (Studentistest) show that aver-  doXxorubicinand cisplatin{0.05). -
age ICso values in UM were significantly different be- For this test, the rank order of the agents toxicity was

tween cyclosporin-A and cisplatin, between cisplatin and the following: doxorubicin(44.61+ 3.33 uM) > cisplatin
doxorubicin and between cyclosporin-A and doxorubicin (88:32+ 8.35 UM). We cannot position cyclosporin-A.
(P <0.05). ) _ _
In conclusion, theT. pyriformis population growth im-  3-3. Ingestion of the agents By pyriformis
pairment test over a period of 9 h allows us to estimate
the relative toxicity of the agents, with the rank order:  AsT. pyriformisis a unicellular phagotrophic organism, it

control cells sometimes overflowed and'sg values could
not be calculated.

With cyclosporin-A, the results did not allow us to
accurately determine a representative;g because of self
fluorescence of the compound in the wavelengths used.

For each of the two other agents, we present (Fig. 4)
the results of one experimental series by plotting inhibition
of fluorescence (%) against the concentration. For cisplatin
(Fig. 4a) and doxorubicin (Fig. 4b), linear equations enable
the determination of théCsg values. We find 25.74 nyg
and 23.60 mgl, respectively, for cisplatin (experiment 4)
and doxorubicin (experiment 3).

All the results of this test are reported in Table 3. The

cyclosporin-A (42.03+4.64 pM) > doxorubicin (7462 + allows us to visualize a possible ingestion of the substances,
6.12 uM) > cisplatin (124374 7.47 uM). as it can occur in vivo for cells of the macrophage type.
Although no visible precipitate was observed in culture
3.2. Effects of the different agents on non-specific medium for the different solutions of the tested substances,
esterase activities of. pyriformis even at the highest concentrations used, in every case the

formation of digestive vacuoles concentrating particulate
Optimal results were obtained when measurements of theelements (non-soluble fraction) could be observed (Fig. 5).
free released fluorescein were considered at time 45 minThis phenomenon was prompt (from the first hour of
after the addition of FDA. Indeed at times 15 and 30 min, contact) and was related to the concentrations of the agents.
released fluorescein (in fluorescence units) is sometimesWe also observed deformed cells in the presence of cisplatin
insufficient, and after 60 min, measured fluorescein for (Fig. 5d—f).
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Fig. 3. Effects of doxorubicin on population growth Bfpyriformis(results of experiment 2). Time course of growth dynamics (a), evaluation of generation
time (b) andl Csq (¢). Dx and Dq are cell concentrations at timé&g + x and Ty, respectively.

4. Discussion doxorubicin (1997), Neor8land Sandimmu#from Novar-
tis Pharma for cyclosporin-A (1996 and 1993), Cispl&tyl

To our knowledge, no in vitro investigation of cellular from Roger Bellon RPR for cisplatin (1989)). General infor-
toxicity comparable to that presented here has been per_mation concerning these drugs could be obtained from the
formed with these three pharmaceutical agents. Compar-Hazardous Substances Data Bank of Toxnet (online). Some
isons of our results with those of other studies are conse-toxicological data are presented in Table 4.
quently very limited. However, there are some in vivo pub-  Globally, no relevant rank order potency and toxicity can
lished toxicological data for these three substances in thebe determined from these in vivo published results.
literature, in The Merck Index [7] and in the technical lit- In vivo toxicity based on tissue or plasma concentra-
erature of the suppliers (Caef§rom Schering Plough for  tions and in vitro mammalian cell cytotoxicity data would



382

% fluorescence inhibition

a

Fig. 4. Effects of cisplatin (a) (results of experiment 4) and doxorubicin (b)
(results of experiment 3) on non-specific esterase activitids mfriformis

60

50

40

30

20

y = 0.9380x + 25.8570

J.-L. Bonnet et al. / Research in Microbiology 154 (2003) 375-385

y = 0.4865x + 38.5170

R?=0.9494 R?=0.9873
70
P 0 /A
’/’/‘ 50

>

% fluoresecence inhibition

40

30

20

10

/

10 20 30
concentration (mg/l)

40

b

0

0

10 20 30 40 50
concentration (mg/l)

evaluation ofl Csg at timeT1  + 45 min FDA.

60

have allowed a more pertinent discussion to compare our re-
sults.

We demonstrate a toxicity for these three drugs in
an alternative cellular model to cell cultures, the ciliated
protozoar. pyriformis

The advantages that make pyriformis a model of
choice for rapid in vitro bioassay are summarized in part in
the Introduction; one of the most important being that the
effects of the tested substances can be studied over a short
period through several generatiofis.pyriformisis a true
eukaryotic organism and therefore allowed the metabolism
of organic substances to be studied.

Its performance and sensitivity has been shown to be
very similar to those of other in vitro or in vivo mod-

Fig. 5.T. pyriformis Control culture:x 250 (a) andx 1000 (b); culture with cyclosporin-A (70 ni): x1000 (c); culture with cisplatin (70 mid): x250 (d)
and x 1000 (e and f); and culture with doxorubicin (70 piig x 250 (g) andx 1000 (h).
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Table 4
In vivo published toxicological data for cyclosporin-A, cisplatin and doxorubicin
Therapeutic Usual dose [10] Single administration Repeated administration Principal target organs
agents (Lo mg/kg) and adverse reactions
Cyclosporin-A 10-15 mgkg oral  Mouse: 107 iv [7] Kidney and liver toxicity (Neo@i) Nephrotoxicity [19]*
microemulsion 2329 orally [7] rat: 45 nigg/d Hepatotoxicity [10]*
4-12 h prior to Rat: 25iv [7] monkey: 300 rykg/d Hypertension [10]*
transplantation 1840 orally [7] dog: 45 migy/d Convulsion [10]
147 ip* Embryotoxicity (Neorﬁ)* Neoplasia [10]
Rabbit: >101iv [7] rat: 30—300 mgkg,/d Diabetogenic effect [14]*
>1000 orally [7] rabbit: 100-300 mig/d
Cisplatin 50-100 mg m? Guinea pig: 9.7 ip [12] Dog: 1.5-3.0 nyilgg/d iv [37] Disturbances in renal function [10]*
iv injection Rat: 7.7-12.0ip [17] dead in 5-8 days Hypersensitivity [10]
every 3or4 20 orally* 0.38 mykg/d Vascular toxicity [10]
weeks Mouse: 17.0-18.0ip [42] reversible toxicity Ototoxicity [12,43]*
12.0-13.0 iv Monkey: 2.5 mykg/d [37] Neuropathy [10]*
dead 5th day Disturbances in serum electrolytes [10]
0.16 mgkg/d no toxicity Hematological toxicity [45,50]*
Doxorubicin 60—75 mg m? Mouse: 35.0ip [7] Rat: 1 mtkg/d, embryotoxicity [44] Genotoxicity [46]*
iv every week 21.1iv[10] Rabbit: 0.5 nigg/d, embryotoxicity [44]  Bone marrow suppression [10]
as a single agent, Rat: 12.6 iv* Dog: 0.75-1.00/kgy d every 3 weeks, Cardiotoxicity (Caef§y
30-50 mg nT2 Rabbit: 6 iv* cutaneous lesion and myelotoxicity [47]  Nephrotoxicity (Ca@lyx
in combination Dog: 0.25 mfikg/d continuous infusion, Myelotoxicity (Cael§y*
with other drugs thrombocytosis and leukocytosis [13]

*Hazardous Substances Data Bank of Toxnet (online).

els (L-929 fibroblasts, lymphocytes, fishéaphnia etc.) ions, might be explained by cell selection, related to an in-
[16,25,34-36]. The large number of studies reported in the duced synthesis of methallothionein proteins, as a detoxi-
two review articles [25,36] confirm that pyriformismay fication process. For. pyriformisexposed to organic sub-
be considered as a complement or alternative to animalstances, it could be explained by the metabolism occurring
and mammalian cell models in toxicant screening studies concurrently with the detoxification process.

of xenobiotics or pharmaceutical substances, and in under- The main advantage of the non-specific esterase activities
standing cell toxicity mechanisms. test is that toxicity information can be obtained within 2 h

For the three drugs, our results show effects on the popu-rather than the 9 h required for the standard growth rate test.
lation growth rate and on non-specific esterase activities.  This sublethal biotest also offers experimental simplicity and

The population growth rate test enables the dynamics of sensitivity. Nevertheless, it should be emphasized that cyto-
the T. pyriformispopulation to be evaluated and the growth toxicity assessmentis only possible for molecules that do not
curve to be plotted. The toxicity of the molecules can be show a self fluorescence at 485 nm (excitation wavelength).
determined after one, two and/or several generations, andWe observed a gradual diminution of esterase activity with
this process is more original than the end-point method gen-cisplatin and doxorubicin, indicating an impairment of the
erally used. With the end-point method, dynamics and lag metabolic activity of the ciliated protozoan. A decreased flu-
phase could not be evaluated. The inhibitory effect of a toxic orescence level in ciliates exposed to toxic compounds can
compound on population growth may be the consequence ofbe explained by a direct inhibition of enzyme activity and/or
(i) a lethal effect on some cells, (ii) a decrease of the divi- anindirect inhibition with alterations of the membrane prop-
sion rate for all the cells, or (iii) the induction of a lag phase erties (permeability, fluidity). In all cases, a decrease in the
before the start of growth. We observed no lethality with the fluorescence level is a measure of the potential toxicity of a
three drugs under the different concentrations used. molecule.

All three tested substances showed concentration-depen- We observed the following rank order fdiCso values
dent inhibitory effects, but two different kinds of curve were expressed in pM for the population growth impairment
obtained. During the 9 h exposure with cyclosporin-A or test: cyclosporin-A- doxorubicin> cisplatin. The esterase
doxorubicin, rates fell gradually and regularly with the con- activities test also showed a higher toxicity for doxorubicin
centration, translating different proliferation rates directly than for cisplatin.
related to the agent’s concentrations. Another response pat- A further approach could consist in the determination of
tern was observed with cisplatin. After exposure we noted a the intracellular concentration of the drugs in order to possi-
lag period for the high concentrations, followed by a marked bly relate their toxicity. One point could be the possible in-
reduction in the cell proliferation rate. According to Nils- fluence, in the population growth test, of the chemical com-
son [25], this same event, observed in the presence of metaposition of the culture medium on the relative toxicity of the
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