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Abstract

Taxol is a promising agent for use in ovarian cancer and other malig
nancies. One problem associated with taxol is its low aqueous solubility,
requiring Cremophor EL (polyethoxylated castor oil) and ethanol as ex
cipients (Diluent 12); these agents cause serious adverse effects. Liposomes
containing taxol and phospholipid (in a 1:33 mole ratio, respectively) were
prepared from phosphatidylglycerol and phosphatidylcholine in a 1:9
mole ratio. Antitumor effect was evaluated against Colon-26, a taxol-

resistant murine tumor. Given as 1, 4, or 9 injections, free taxol given i.v.
in Diluent 12 was ineffective at delaying tumor growth at doses Â£30mg/kg
per injection (the maximum tolerated dose). In contrast, taxol-liposomes

were well tolerated at doses greater than or equal to the maximum toler
ated dose of free taxol and showed significant tumor growth inhibition at
10-45 mg/kg per injection.

Introduction

Taxol, a novel antineoplastic agent (1), is active clinically against
advanced ovarian and breast cancer (2). In Phase II trials, the response
rate was 30% in heavily pretreated patients with advanced and refrac
tory ovarian cancer (3). The overall response rate was 56% in Phase
II trials in pretreated patients with metastatic breast cancer (4). Re
cently, the U. S. Food and Drug Administration approved taxol for use
against ovarian cancer. Because of its poor solubility in water as well
as in most pharmaceutically acceptable solvents, the formulation se
lected for clinical administration consists of taxol solubilized in Cre
mophor EL (polyethoxylated castor oil) containing 50% absolute etha
nol (Diluent 123). The amount of Cremophor EL necessary to deliver

the required doses of taxol is significantly higher than that adminis
tered with any other marketed drug. This vehicle has been shown to
cause serious or fatal hypersensitivity episodes in laboratory animals
(5) and humans (6). Since hypersensitivity reactions appeared to occur
more frequently with shorter infusion schedules, most Phase II and
Phase III trials in the United States have used 24-h schedules (7).

Moreover, premedication with corticosteroids (dexamethasone) and
antihistamines (both HI and H2 receptor antagonists) is being used to
reduce the intensity and incidence of reactions associated with taxol-

Cremophor administration. Although the premedication regimen has
reduced the incidence of serious hypersensitivity reactions to less than
5%, milder reactions still occur in approximately 30% of patients (6,
8). Clinically, pharmacological intervention is less desirable than a
safer, better tolerated formulation; when several drugs are adminis-
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tered simultaneously, drug interactions that may affect the efficacy or
toxicity of taxol are more likely. The primary goal of our work is to
improve the efficacy of taxol-based anti-cancer therapy by reformu

lation of the drug in better tolerated vehicles. We have prepared and
evaluated the antitumor activity of taxol-phospholipid complexes

(liposomes). Among drug carrier systems, liposomes represent a ma
ture, versatile technology with considerable potential for encapsula
tion of both lipophilic and hydrophilic drugs (reviewed in 9-11), and

are in clinical trial for treatment of a number of neoplastic and infec
tious diseases. Encapsulation in liposomes often results in distinct
changes in the pharmacokinetic and pharmacodynamic properties of
drugs, in some cases causing a marked decrease in toxicity or an
increase in potency.

Materials and Methods

Materials. Crystalline taxol, Diluent 12, and taxol dissolved in Diluent 12
(30 mg/5 ml) were obtained from the National Cancer Institute (Bethesda,
MD). Cremophor EL was also obtained as a gift from BASF Corporation.
Phospholipids were purchased from Avanti Polar Lipids (Birmingham, AL) or
Princeton Lipids (Princeton, NJ) and stored in chloroform under argon at
-70Â°C. All organic solvents used were reagent or high performance liquid

chromatography grade. Female BALB/c mice were obtained from HarÃan
Sprague-Dawley (Indianapolis, IN).

Preparation of Taxol-Liposomes. Taxol-liposomes were prepared by hy-

dration of a lyophilized powder containing taxol and phospholipids using a
method adapted from the work of Perez-Soler et al. (12). Briefly, taxol was
dissolved in chloroform and mixed with phospholipids in a round-bottomed
flask, and the chloroform was evaporated in a rotary evaporator at 40Â°C.The

taxol-lipid film was then dissolved in fevi-butyl alcohol to achieve a lipid:taxol
molar ratio of 33:1, respectively, and a lipid concentration of 100 HIM.Two- to
10-ml aliquots of the butanolic solution were placed in sterile tubes, shell-

frozen in liquid nitrogen, and lyophilized for 24 h. The lyophilized powder was
hydrated with NaCl-AMris[hydroxymethyl]methyl-2-aminoethanesulfonic
acid-EDTA buffer (140 niM-10 mM-Ã¼.lITIM)to produce suspensions of MLV. To

obtain SUV, the liposome suspension was sonicated under argon in a bath
sonicator (Laboratory Supplies Co., Inc., Hicksville, NY) for 30 min at 20Â°C.

Liposomes were analyzed for taxol by reverse-phase high performance liquid
chromatography4 and for phospholipid content (13).

Detailed methods for evaluating the chemical and physical stability of
taxol-phospholipid suspensions are given elsewhere.5 Briefly, physical stability

was determined by several methods: (a) suspensions were examined using
differential interference microscopy to observe aggregation of liposomes or
crystallization of taxol; (b) negative-stain transmission electron microscopy

was used to evaluate the suspensions. Sonicated liposomes were approximately
0.025-0.08 jam diameter, and unsonicated liposomes ranged from 1-10 /xm

diameter (data not shown); (c) small liposomes (SUV) were subjected at
intervals to centrifugation at 15,000 X g for 15 min, under which conditions
the liposomes remain suspended and taxol precipitates are sedimented; and (d)
liposomes were passed through 0.1 jbim pore polycarbonate filters to separate
them from taxol precipitates. Taxol-liposome suspensions subjected to the

4 A. Sharma. W. D. Conway, and R. Straubinger. manuscript in preparation.
5 A. Sharma and R. Straubinger. Novel taxol formulations: preparation and character

ization of taxol-containing liposomes, submitted for publication.
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FORMULATION OF TAXOL IN LIPOSOMES

latter two separation methods were reanalyzed for taxol and phospholipid
content. A change in either was interpreted as an indication of instability.

Toxicity of Taxol-Liposomes. MTD for taxol-liposome formulations ad

ministered i.v. was determined in healthy BALB/c female mice. Survey ex
periments to define the MTD were performed with two animals per group.
Doses were escalated in 2-fold increments starting at 5 mg/kg. Drug effects

were determined by close observation of weight changes and survival. The
highest nonlethal dose of taxol causing <10% weight loss within 1 week of
cessation of dosing was defined as the MTD. Animals showing weight loss
exceeding 20% were sacrificed, as changes of this magnitude often indicate
lethal toxicity.'1 After completing the survey experiments, the approximate

MTD was refined further using three groups of eight mice.
Animals and Tumor Model. Female BALB/c mice (weighing 16-20 g)

were used as hosts for C-26, a murine colon tumor model (14). The tumor was

implanted s.c., and the innoculum was prepared by dissociation of cells from
the tumors of donor animals using collagenase, protease, and DNase (15). The
viability of cells was >80% by trypan blue exclusion.

Therapeutic Experiments. Subcutaneous tumors on the left flank were
initiated by injection of 10" viable cells in a volume of 0.1 ml. Mice were then

randomized into various treatment groups and numbered. The dose per mouse
was adjusted on the basis of its weight, determined at the time of treatment.
Treatment was started 7 or 8 days after tumor implantation and consisted of i.v.
injections through the tail vein. Buffer or Diluent 12 without taxol were used
as control treatments. Animal weight and tumor volume was measured five
times weekly until the tumor volume reached 3000 mm1, at which time the

animals were sacrificed for humane reasons. Tumor volume was determined by
measuring three orthogonal diameters of the tumor and was calculated as
one-half of the product of the diameters (16). The data were analyzed for

statistical significance using the BMDP IL program (BMDP statistical Soft
ware, Inc., Los Angeles, CA).

Results

Physical Stability of Taxol-Liposome Formulations. Formula

tions of PG:PC (1:9) containing taxol and lipid in the molar ratio 1:33
(drug:lipid) were physically stable and retained â€”100%of their initial
taxol content for more than 2 months at 4Â°C.5Taxol remained chemi
cally stable in liposomes for more than 2 months at 4Â°Cas neither

additional peaks nor reduction of taxol content was evident from
chromatograms.'' Formulations consisting of X:PC (1:9 molar ratio),

where X is either PEG-DPPE or HPI, were physically stable for 2 days
at 4Â°C.5

Toxicity of Prototype Taxol-Liposomes in Vivo. Previous studies
have shown that the single-dose MTD of free taxol administered in

Diluent 12 is approximately 30 mg/kg by the i.v. route (17); we
obtained similar results. The amount of Cremophor EL/ethanol ve
hicle required to administer doses above 30 mg/kg was also toxic,
making it difficult to discriminate acute drug toxicity from that of the
excipient. Taxol-liposome formulations administered at or above the

MTD of free taxol were well tolerated (17; data not shown). We were
unable to find a MTD for liposome formulations administered in a
single dose because of the concentration of taxol in the formulations
(3 mg/ml) and the limitation of injection volume (0.3 ml). Therefore,
the MTD for liposome formulations was >60 mg/kg (single dose) and
>200 mg/kg (in 4 doses over 3 h; Ref. 17).

Cytostatic Activity. Cytostatic activity of free or liposome-encap-

sulated taxol was tested in vitro against a variety of tumor cell lines,
and sensitivity to free taxol varied nearly 100-fold. C-26, a murine

colon tumor line, showed the lowest sensitivity to taxol (ICso, 90 Â±10
/XM),while A121 a, a human ovarian tumor line, was the most sensitive
(IC50, 1.5 Â±0.7 (AM).In general, all of the human tumor lines were at
least 10-fold more sensitive to taxol than was C-26.

On most cell lines, the taxol-liposome formulation (PG:PC, 1:9)
was equipotent to free taxol. On other lines such as C-26, taxol-

' E. Mayhew, unpublished observations.

liposomes were 3-fold less potent (IC50, 250 Â±70 JXM)than was free

taxol. In investigating the potency of taxol on certain cell lines, it was
found that the growth-inhibitory activity was enhanced by 0.1%

DMSO, the vehicle in which the drug was dissolved before addition
to the cell cultures. For some tumor lines (9L rat gliosarcoma and A90
human ovarian tumor), free taxol activity was enhanced approxi
mately 8-fold by DMSO compared to drug dissolved directly in se
rum-containing growth medium (data not shown). However, the cy-
tostatic activity of free taxol on C-26 was not affected by DMSO.

Further investigation is directed toward understanding the relatively
lower potency of taxol-liposomes on C-26 in vitro.

Antiturnor Activity. Because resistance of tumors to drugs is a
frequent and lethal occurrence in human cancer, we selected the
taxol-resistant C-26 tumor model to evaluate the antitumor activity of
taxol-liposome formulations. Antitumor activity was evaluated using

several dose ranges and schedules of administration. To determine the
effect of a single taxol dose on C-26 tumor growth, free or liposome-

encapsulated taxol were given as single i.v. injections on day 8 after
s.c. tumor implantation. Free taxol in Diluent 12 was tested at 15, 25,
and 30 mg/kg, the latter being the MTD of drug in Diluent 12. Three
different taxol-liposome formulations were tested at 25, 35, and 45

mg/kg. Free taxol (Fig. IE) showed no effect on tumor growth com
pared to saline or Diluent 12 controls (Fig. IA). In contrast, SUV
composed of PG:PC (1:9; Fig. IÃŸ)or HPI:PC (1:9; Fig. 1C) delayed
tumor growth. SUV composed of PEG-DPPE:PC (1:9; Fig. ID)

showed no effect on tumor growth compared to controls.
The raw tumor volume data for each individual animal was also

subjected to statistical analysis using the BMDP IL program in order
to test the significance of the growth delay observed for taxol-lipo

somes. Unlike the mean data for treatment groups (Fig. 1), which is
highly influenced by animals with exaggerated responses or by
changes in group size during the experiment (e.g., upon the occur
rence of death from treatment or by sacrifice), the median and sig
nificance calculations of BMDP take group size into account and
censor data not fulfilling study criteria. The median number of days
required for the tumor to reach 1500 mm3 was calculated for all

treatment groups (Fig. 4A). Also shown in Fig. 4A are the 1st and 3rd
quartile (i.e., 25th and 75th percentile) times indicated by bars above
and below the median value, respectively. The 25th and 75th percen-
tiles can be defined as the median time for animals in the slowest-
growing and fastest-growing quartiles to reach a tumor volume of
1500 mm3. Statistical analysis showed that SUV composed of PG:PC

(1:9) delayed tumor growth significantly at all the dose levels tested
(P < 0.05). The tumor growth delay was highly significant (P < 0.005)
at 35 mg/kg. SUV composed of HPI:PC (1:9) also delayed the tumor
growth at all three dose levels tested (P < 0.05). Free taxol or SUV
composed of PEG-DPPE:PC (1:9) showed no significant delay in

tumor growth compared to vehicle or buffer controls (P > 0.05).
With a single i.v. administration of drug, we observed significant

antitumor activity of taxol-liposomes at doses that included and ex

ceeded the MTD of free taxol. In order to circumvent the limitation
that less than 35 mg/kg free taxol could be given as a single injection
(owing to the toxicity of Diluent 12), several schedules of multiple
doses were tested. In addition, we evaluated the effect of additional
liposome formulation parameters on the antitumor activity. In one
protocol, animals were dosed on days 7, 8, 12, and 13 after s.c. tumor
inoculation. Free taxol in Diluent 12 was tested at 10, 20, and 30
mg/kg (cumulative dose of 40, 80, and 120 mg/kg, respectively).
Three taxol-liposome formulations were tested at 20, 30, and 40

mg/kg per injection (cumulative dose of 80, 120, and 160 mg/kg,
respectively). Formulations included MLV or SUV composed of
PG:PC (1:9; Fig. 2, B or C, respectively) and SUV composed of
PEG-DPPE:PC (1:9; Fig. 2Â£>).
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Fig. 1. Antitumor effect of single dose of free or liposomal taxol on C-26 tumors.

Subcutaneous C-26 tumors were initiated as described in "Materials and Methods" and

were checked daily. When the tumor was measurable (day 8), a single i.v. bolus dose of
taxol was given, either in Cremophor EL-ethanol (Diluent 12) or in liposomes (indicated
by the filled circle along the abscissa). Untreated controls received injections of equiva
lent volumes of saline or Diluent 12 (diluted 1:3) without taxol (A). All liposome
formulations were sonicated (SUV) preparations, and treatment consisted of 25, 35, or 45
mg/kg doses for the following formulations: taxol-PG:PC (ÃŸ);taxol-HPI:PC (C); or
taxol-PEG-DPPE:PC (D). Alternatively, free taxol in Diluent 12 (diluted 1:3 with saline)

was given in doses of 15, 25, or 30 mg/kg (Â£).Treatment groups are indicated in the inset
for each panel. Each treatment group consisted of 10 animals. For humane reasons,
animals were sacrificed when tumor volume exceeded 3000 mm-1.

At the doses tested, all three liposome-based formulations delayed

tumor growth (Fig. 2, B-D) compared to buffer or vehicle controls

(Fig. 2A ). In contrast, free taxol Â¿30 mg/kg per injection (cumulative

doses of s 120 mg/kg) showed no effect on tumor progression (Fig.

2E).
The median time taken by the tumor to reach the 1500 mm3 size

was calculated using the BMDP IL program and plotted in Fig. 4B as

described above, and statistical analysis was applied. Free taxol

showed no significant delay in tumor growth at the dose levels tested

compared to buffer or vehicle controls (P > 0.05). SUV composed of

PG:PC (1:9) delayed the tumor growth significantly at 30 mg/kg per

injection (cumulative dose of 120 mg/kg; P < 0.05), and the growth

delay was highly significant (P < 0.005) at 40 mg/kg per injection

(cumulative dose of 160 mg/kg). MLV composed of PG:PC (1:9)

delayed the tumor growth significantly (P < 0.01) at all dose levels
tested. Similarly, SUV composed of PEG-DPPE:PC (1:9) also delayed

the tumor growth significantly (P < 0.05) at all dose levels tested, and

the tumor growth delay was highly significant (P < 0.005) at 40

mg/kg.

No significant effect of liposome diameter on tumor growth was

observed; SUV and MLV showed the same delay (P > 0.05) in tumor
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Fig. 2. Antitumor effect of four doses of free or liposomal taxol on C-26 tumors.

Subcutaneous C-26 tumors were initiated as described in "Materials and Methods." When

the tumor was measurable (day 7), i.v. treatment was initiated and was repeated on days
8, 12, and 13 (as indicated by the filled circles along the abscissa). Untreated controls
received injections of saline or Diluent 12 (diluted 1:3) without taxol (A ). Treatment with
liposome-based taxol formulations consisted of 20, 30, or 40 mg/kg doses of the follow
ing: taxol-PG:PC MLV (ÃŸ),taxol-PG:PC SUV (C), or taxol-PEG-DPPE:PC SUV (D).

Alternatively, free taxol in Diluent 12 (diluted 1:3 with saline) was administered at doses
of 10, 20, or 30 mg/kg (Â£).Treatment groups are indicated in the inset for each panel.
Each treatment group consisted of 10 animals. For humane reasons, animals were sacri
ficed when tumor volume exceeded 3000 mm3.
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Fig. 3. Anlilumor effect of nine doses of free or liposomal taxol on C-26 tumors.

Subcutaneous C-26 tumors were initiated as described in "Materials and Methods." When

the tumor was measurable (day 8), treatment was initiated. Animals were dosed 3 times
weekly, and trealment was given for 3 weeks (as indicated by the filled circle along the
abscissa). Untreated controls received injections of saline or Diluent 12 (diluted 1:3)
without laxol (A ). Trealment with liposome-based taxol formulations consisted of 10, 40,
or 60 mg/kg doses with (axol-PG:PC SUV (B). Alternatively, free taxol in Diluent 12
(diluted 1:3 with saline) was administered at doses of 10, 20, or 30 mg/kg (C). Treatment
groups are indicated in the inset for each panel. Each treatment group consisted of 10
animals. For humane reasons, animals were sacrificed when tumor volume exceeded 3000
mm1.

growth at corresponding dose levels. Similarly, no effect of liposome
composition on the tumor growth was discerned; taxol-SUV com
posed of PG:PC (1:9) and taxol-SUV composed of PEG-DPPE:PC

(1:9) showed approximately the same delay in tumor progression
(P > 0.05).

Since we observed no significant difference in the antitumor activ
ity among the different taxol-liposome formulations tested, we se
lected SUV composed of PG:PC (1:9) for further evaluation of anti-
tumor activity. In order to reach and exceed the MTD of taxol-

liposome formulations, a schedule of 9 doses was tested. Animals
were dosed on 3 successive days of each week, and treatment was
given for 3 weeks. Treatment was initiated on day 8 after tumor
implantation and was given by i.v. injection through the tail vein. For
those animals in which tail veins became uninjectable (mostly in the
free taxol and vehicle control groups), remaining doses were given
intraperitoneally. All animals received at least 6 of the 9 doses intra
venously. Free taxol in Diluent 12 was tested at 10, 20, and 30 mg/kg
per injection (cumulative doses of 90, 180, and 270 mg/kg, respec

tively). Taxol-SUV were tested at 10, 40, and 60 mg/kg per injection

(cumulative doses of 90, 360, and 540 mg/kg, respectively).
Fig. 3C shows that free taxol gave no delay in tumor progression at

any dose compared to untreated controls (Fig. 3A). The highest dose
of free taxol (30 mg/kg) was tolerated as individual injections but was
cumulatively lethal to all animals by day 21 (12 days after initiating
taxol treatment). At a dose of 20 mg/kg (cumulative dose of 180
mg/kg), most animals survived free taxol, but no effect was observed
on tumor progression.

In contrast, taxol-liposomes given at 40 mg/kg (cumulative dose of
360 mg/kg) delayed tumor growth significantly (Fig. 3ÃŸ).The anti-

tumor effect of a lower dose (10 mg/kg; cumulative dose of 90 mg/kg)
was not obvious (Fig. 3B). The highest dose (60 mg/kg; cumulative
dose of 360 mg/kg in 6 injections) was tolerated as individual injec-
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Fig. 4. Median time (days) to reach tumor diameter of 1500 mm-1after treatment with

free or liposome-based taxol formulations. In all experiments, the tumor volume of each
animal was measured frequently, and the data was subjected to statistical analysis using
the BMDP IL program. The median time required for the tumor to reach 1500 mm3 was

determined for each treatment group (groups as indicated by the inset). In addition, the
data from each individual animal was analyzed in order to compare the effect of various
treatments on tumor growth to 1500 mm3. (A) single-dose experiment (cf. Fig. 1); (B)
4-dose experiment (cf. Fig. 2); (C) 9-dose experiment (cf. Fig. 3). Also shown are the
25th- and 75th-percentile times, indicated by bars above and below the median value,
respectively. *, P < 0.05; **, P < 0.01; ***, P < 0.005.
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lions but was cumulatively lethal to all animals by day 21 (12 days
after initiating taxol treatment).

The median time taken by the tumor to reach 1500 mm3 size was

calculated, and data on tumor growth for each animal was subjected
to statistical analysis using BMDP IL as described above (Fig. 4C).
No dose of free taxol, up to and including lethal concentrations, had
a significant effect on tumor progression. In contrast, SUV composed
of PG:PC (1:9) delayed the tumor growth significantly at all dose
levels tested (P < 0.05); growth delay was highly significant at 40 and
60 mg/kg (P < 0.005), although the latter was lethal.

Discussion

In early preclinical studies, many different vehicles were investi
gated for administration of taxol (reviewed in Ref. 18), including
hydroxypropylcellulose, polyethyleneglycol 400, Tween 80 (polysor-

bate 80), dimethyl sulfoxide, and Cremophor EL plus ethanol. The
formulation selected for clinical trials consists of Cremophor EL con
taining 50% ethanol, designated "Diluent 12" in the literature of the

National Cancer Institute. Since then, there have been numerous ef
forts to eliminate Cremophor EL from the formulation because of
serious or fatal hypersensitivity reactions in humans. Although a large
number of more water-soluble analogues or prodrugs of taxol have

been prepared, as yet none have shown sufficient chemical stability
for clinical development (19).

In the present work, we have prepared stable taxol-liposome for

mulations and have demonstrated that they have lower acute toxicity
in mice than does the conventional clinical formulation. For taxol
administered in Diluent 12, doses exceeding 30 mg/kg per injection
could not be given because the amount of vehicle required was toxic.
In contrast, the acute toxicity of liposome formulations was lower.
However, a single-dose MTD could not be defined. The concentration
of drug was approximately 3.0-3.5 mg/ml in liposome formulations,

and it was not possible to administer more than 60 mg/kg in a single
injection because of the volume required.

Taxol-liposome formulations also showed lower chronic toxicity in
tumor-bearing mice than the taxol-Cremophor formulation. In
multiple-dose antitumor experiments, mice tolerated cumulative doses
of 360 mg/kg (40 mg/kg per injection) of taxol-liposome formula

tions, while cumulative doses of 180 mg/kg (30 mg/kg per injection)
were lethal when the free drug was given in Diluent 12.

In a taxol-resistant tumor model, C-26, several liposome-based

formulations also showed somewhat greater antitumor activity than
the clinically-used taxol-Diluent 12 formulation. In both single- and
multiple-dose antitumor experiments, taxol-liposome formulations

showed a significant delay of tumor progression at almost all dose
levels (10-45 mg/kg per injection), while free taxol administered in

Diluent 12 had no significant effect on tumor growth at all dose levels
(up to 30 mg/kg per injection).

The enhanced antitumor activity of taxol-liposomes against C-26

was surprising, considering the result of in vitro experiments compar
ing the cytostatic activity of free- and liposome-associated taxol. On

most other cell lines tested, including human ovarian cancer lines,
taxol-liposomes were equipotent to free drug. In contrast, taxol-lipo
somes were approximately 3-fold less potent against C-26 than was

free taxol.
In future studies, tumor models more sensitive to taxol will be

investigated, such as human ovarian tumors in athymic nude mice. In
general, murine tumors are somewhat resistant to taxol (19), and the

more sensitive human xenograft models will allow us to examine the
impact of formulation on both antitumor activity and toxicity. It will
be of particular interest to determine whether the small liposome-

mediated increase in taxol antitumor potency, demonstrated with
C-26, translates into a much greater advantage of taxol-liposome
formulations in tumor models against which taxol-liposomes have

shown potency equal to that of free drug in vitro.
Additional work is required on the taxol-liposome formulations;

formulations described here likely can be optimized further in terms of
efficacy and stability. Methods are under investigation for producing
taxol-liposomes in a "pharmaceutically rational" manner, which will

allow production of the quantities of taxol-liposomes that will be

required for preclinical toxicity testing.
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