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The laboratory toxicologist is frequently faced with the chal-
lenge of selecting appropriate vehicles or developing utilitarian for-
mulations for use in in vivo nonclinical safety assessment studies.
Although there are many vehicles available that may meet physical
and chemical requirements for chemical or pharmaceutical formu-
lation, there are wide differences in species and route of adminis-
tration specific to tolerances to these vehicles. In current practice,
these differences are largely approached on a basis of individual
experience as there is only scattered literature on individual vehi-
cles and no comprehensive treatment or information source. This
approach leads to excessive animal use and unplanned delays in
testing and development. To address this need, a consulting firm
and three contract research organizations conducted a rigorous
data mining operation of control (vehicle) data from studies dating
from 1991 to present. The results identified 65 single component
vehicles used in 368 studies across multiple species (dog, primate,
rat, mouse, rabbit, guinea pig, minipig, chick embryo, and cat) by
multiple routes. Reported here are the results of this effort, includ-
ing maximum tolerated use levels by species, route, and duration of
study, with accompanying dose limiting toxicity. Also included are
basic chemical information and a review of available literature on
each vehicle, as well as guidance on volume limits and pH by route
and some basic guidance on nonclinical formulation development.
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Formulation, even at the rudimentary level employed for ini-
tial studies used to evaluate the safety of new drug candidates, is
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perhaps the weakest link in both pharmacology and toxicology
for drugs and industrial and agricultural chemicals.

In the preclinical safety assessment of potential new drugs,
it is required that the material of interest must be suitably for-
mulated in a manner that allows adequate administration of the
test substance, with little or no effects in test animals that is at-
tributable to the vehicles used in producing such a formulation.
The formulation must be suitable for the intended route of ad-
ministration, maintain the stability of the active ingredient, and
preferably maximize the systemic bioavailability of the drug.
Occasionally, the vehicle(s) or formulation is specified by the
sponsor of a study, but more frequently is the informed choice
of the laboratory conducting specified safety studies.

Because the process of vehicle selection has been mostly one
of custom or personal choice, there are many vehicles which
have seen use in preclinical formulation. However, results as to
their suitability, utility, and limitations on their use are not gen-
erally reflected in the literature or taught in any formal manner.
Certainly such information is not attainable in any readily avail-
able place. This paper is intended to at least begin to fill this gap.

General Preclinical Formulation Principles
Dosing formulations for preclinical studies should be selected

with consideration of a number of desirable characteristics as
summarized in Table 1 (Gad 1994; Gad and Chengelis 1997).

Animal use and care guidance provides limits to volumes that
may most commonly be administered by each of the common
routes. These limits are presented in Table 2 (Gad 1994; Gad
and Chengelis 1997).

To provide information to all those who in the future must
select suitable vehicles for formulation for nonclinical dosing of
animals, a data mining operation was undertaken.
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TABLE 1
Desirable characteristics of a dosing formulation and its

preparation

Preparation of the formulation should not involve heating of the
test material to a point anywhere near altering its chemical or
physical characteristics, or so as to harm test animals receiving
the formulation.

If the material is a solid and is to be assessed for dermal effects,
its shape and particle size should be preserved. If intended
for use in man, topical studies should be conducted with the
closest possible formulation to that to be used on humans.

Multicomponent test materials (mixtures) should be formulated
so that the administered form accurately represents the orig-
inal mixture (i.e., components should not be selectively sus-
pended or taken into solution).

Formulation should preserve the chemical stability and identity
of the test material.

The formulation should be such as to minimize total adminis-
tered test volumes. Use just enough solvent or vehicle unless
there is reason to dilute the active ingredient.

The formulation should be as easy as possible to accurately
administer. Highly viscous solutions or suspensions should
be avoided.

The pH of dosing formulations should be between 5 and 9, if
possible.

Acids or bases should not be used to dilute or solubilize (for
both humane reasons and to avoid pH partitioning or stability
issues in either the gut or the renal tubule) the test material.

If a parenteral route is to be employed, final solutions should
be as nearly isotonic as possible. Do not assume a solution
will remain such upon injection into the blood stream. It is
usually a good idea to verify that the drug stays in solution
upon injection by placing some drops into plasma.

Formulations for use by parenteral routes should be as endotoxin
free as possible. Particularly if the test material (or formu-
lation component) is biologically derived or produced, they
should be evaluated for acceptable endotoxin content before
actual formulation preparation to preclude problems.

Particularly if use is to be more than a single injection, steps
(such as filtration) should be taken to ensure suitable sterility.

Gad 1994; Gad and Chengelis 1997.

METHODS
Four separate organizations undertook a review of their files

to identify and collect data on control vehicles they had used
in studies over the previous 15 years (1991 to present). Each in
vivo study conducted during this period had its vehicle control
group evaluated. If the vehicle was other than water, the high-
est no-observable-adverse-effect level (NOAEL) for the vehi-
cle formulation used was determined and this was added to the
database. Extracted in this manner by the participating organiza-
tions (Calvert, CIT, Gad Consulting Services [GCS], and MPI)
were the maximum nontoxic volume identified in these reviewed

TABLE 2
General guidelines for maximum dose volumes by route

Volume should
Route not exceed Notes

Oral 20 ml/kg Fasted animals
Dermal 2 ml/kg Limit in accuracy of

dosing/available
body surface

Intravenous 1 ml/kg Over 5 min
Intramuscular 0.5 ml/kg At any one site
Perocular 0.01 ml Per eye
Rectal 0.5 ml/kg
Vaginal 0.2 ml in rat; 1 ml

in rabbit
Inhalation 2 mg/L
Nasal 0.1 ml/nostril in

monkey or dog

Gad 1994; Gad and Chengelis 1997.

studies by species, route, and duration. The nature of any dose
limiting toxicity for a vehicle or vehicle combination was also
identified. The number of single-vehicle formulations disclosed,
as reflected in the body of this paper, was large, with more than
60 different formulations being reported here. There were also
a number of combinations that are not included in this paper.

GCS then assembled the provided data into the tables pre-
sented here, with materials listed in alphabetic order (but with
these tables also indexed in Table 69). Table 69 also provides
basic physical chemical data and general toxicity references on
these vehicles.

The actual acceptable vehicle usage data is presented in
Tables 3 to 68, with a single vehicle being presented per

TABLE 3
Acacia

Route Duration Dose Comments

Rat Oral 30 days 500 mg/kg Well tolerated
90 days 10 ml/kg As 20% of formu-

lation; well tol-
erated

Primate Oral 90 days 100 mg/kg Well tolerated,
but with some
reduction in
food intake

TABLE 4
Acetate Sodium

Route Duration Dose Comments

Rat Intravenous 1 month 1 ml/kg Well tolerated as
5 mM solution
in saline
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TABLE 5
Acetic Acid

Route Duration Dose Comments

Rat Oral 90 days 5 ml/kg Well tolerated (gavage) 3% solution
1 month 10 ml/kg Well tolerated, 20% solution

Intravenous 1 month as pH buffer Well tolerated
Mouse Oral 90 days 5 ml/kg Well tolerated (gavage) 3% solution

TABLE 6
Acetone (2-Propanone)

Route Duration Dose Comments

Rat Oral 2 weeks 5 ml/kg Higher doses cause acidosis. Transitory neurobehavorial effects at this dose
Dermal 30 days 5 ml/kg Well tolerated

Mouse Oral 2 weeks 3 ml/kg Higher doses cause acidosis. Transitory neurobehavorial effects at this dose
Dermal 2 years 0.5 ml Well tolerated

Guinea pig Dermal 1 month 1 ml Well tolerated
Rabbit Dermal 90 days 1 ml Defatting of application site

TABLE 7
Alginic Acid

Route Duration Dose Comments

Rat Intraperitoneal 1 month 100 mg/kg Well tolerated

TABLE 8
Anecortave Acetate

Route Duration Dose Comments

Rat Subcutaneous 4 doses 2 ml/kg Well tolerated

TABLE 9
Benzoic Acid

Route Duration Dose Comments

Rat Oral N/A 100 mg Well tolerated

table and arranged in alphabetical order according to common
name.

Subsequent to the publication of this article, GCS will
post this data to a website (www.gadconsulting.com), with a
mechanism to submit additional vehicle data. GCS is committed

TABLE 10
Beta-cyclodextrin

Route Duration Dose Comments

Rat Oral 12 months 500 g/kg Hepatitis, nephrosis, acute tubular necrosis at dose levels above 20 g/kg
Intravenous Tubular hypertrophy at doses above 100 mg/kg/day at 3 months or longer

Primate Oral 12 months Tubular hypertrophy at doses above 100 mg/kg/day at 3 months or longer

TABLE 11
Canola Oil

Route Duration Dose Comments

Dog Oral 1 month 2 ml/kg Well tolerated

TABLE 12
Capryol 90

Route Duration Dose Comments

Dog Oral 28 days 1000 mg/kg Well tolerated
28 days 2500 mg/kg Well tolerated

Rat Oral Acute Well tolerated;
LD50 > 5 g/kg

28 days 500, 1500,
2500
mg/kg

NOAEL of
2500 mg/kg

7 days 300, 1000,
2500
mg/kg

Well tolerated

Rabbit Cutaneous Acute No dilution Mildly irritant
Ocular Acute No dilution Moderately

irritant
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TABLE 13
Captisol

Route Duration Dose Comments

Rat Oral 1 month 10 ml/kg 12% solution,
well
tolerated

Intravenous 1 month 4 ml/kg 12% solution,
well
tolerated

Primate Oral 9 months 1 g/kg 10% solution,
well
tolerated

Subcutaneous 12
months,
with 3
weekly
admin-
istra-
tions

120 mg/kg Well tolerated

Mouse Oral 1 month 500 mg/kg 10% solution,
well
tolerated

Subcutaneous 6 month 1200 mg/kg NOAEL
90 day 1200 mg/kg NOEL

TABLE 14
Carboxymethyl Cellulose (CMC)

Route Duration Dose Comments

Primate Oral 30 days 5% in water Well tolerated
Subcutaneous Acute 10 ml/kg Well tolerated

Rat Oral 1 year 5% in water Well tolerated

TABLE 15
Carboxymethyl Cellulose Calcium

Route Duration Dose Comments

Dog Oral 90 days 1 ml/kg Well tolerated;
1% solution

TABLE 16
Carboxymethyl Cellulose Sodium

Route Duration Dose Comments

Rabbit Oral 1 month .5 ml/kg Well tolerated; 1%
solution

TABLE 17
Cetyl Alcohol

Route Duration Dose Comments

Mouse Intraperitoneal 1 month 100 mg/kg Well tolerated

TABLE 18
Citrate Buffer

Route Duration Dose Comments

Dog Intravenous 8 doses 30 ml/kg/day Well tolerated
Subcutaneous 30 days 10 ml/kg/day Well tolerated

Rat Oral 2 weeks 15 ml/kg Well tolerated
(50 mM)

2 weeks 10 ml/kg Well tolerated
(50 mM)

TABLE 19
Citric Acid Buffer

Route Duration Dose Comments

Rat Oral 2 weeks 15 ml/kg Well tolerated (50 mM)
2 weeks 10 ml/kg Well tolerated (50 mM)

TABLE 20
Collagen Matrix

Route Duration Dose Comments

Primate Implantation
in
humerus
bone

6 months Two strips/site
(humerus right
and left)

Well tol-
erated

Rabbit Implantation 6 months Single
application, 5
ml/kg

Well tol-
erated

TABLE 21
Corn Oil

Route Duration Dose Comments

Dog Oral 1 month 3.0 ml/kg Well tolerated
Rat Oral 20 doses 5 ml/kg Well tolerated

1 dose 10 ml/kg Well tolerated
Mouse Oral 1 month 2.5 ml/kg Well tolerated
Rabbit Oral 1 month 1 ml/kg Well tolerated
Chick

em-
bryo

Oral Once .1 µl/g Less mortality
than 1.0 µl/g
egg

Injection
into egg

Once 1 µl/g Increase in
mortality,
decreased
activity during
rightig reflex,
running time,
visual discrim-
ination, and
olfactory
aversion test
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TABLE 22
Cremophore EL

Route Duration Dose Comments

Dog Intravenous 1 month 2 ml/kg Well tolerated
Rat Oral 1 month 100 mg/kg Well tolerated

TABLE 23
Cyclohexane

Route Duration Dose Comments

Rat Oral 4 weeks 5 ml/kg/day Clinical signs:
intermittent
convulsive after
dosing,
piloerection
round back and
emaciated
appearance

Dermal 30 days 1 ml/kg/day Well tolerated
Rabbit Oral 30 days 0.5 ml/kg/day Well tolerated

TABLE 24
D-Glucose Anhydrous 30%/PEG 70% (v/v)

Route Duration Dose Comments

Dog Oral 2 weeks 0.32 ml/kg Well tolerated
Intravenous 2 weeks Bolus 0.24–

0.33 ml/kg
infusion 0.08–
0.11 ml/kg/h

Well tolerated

Rat Intravenous 3 weeks Bolus 0.8–
1.07 ml/kg
infusion
0.266–0.356
ml/kg
intravenous
injection (into
tail vein),
followed by an
intravenous
injection for 6 h

Well tolerated

TABLE 25
Dextrose (0.5%)

Route Duration Dose Comments

Dog Intravenous 90 days 150 ml/h Well tolerated
Rat Intravenous 1 dose 1.4 ml/animal Well tolerated

TABLE 26
Diethyleneglycol Monoethyl Ether

Route Duration Dose Comments

Primate Intravenous 1 month .355 ml/kg Well tolerated

TABLE 27
DMSO

Route Duration Dose Comments

Dog Intravenous 1 month 1.25 ml/kg Well
tolerated

Rat Oral 7 days 5 ml/kg Well
tolerated

4 weeks 5 ml/kg Well
tolerated

Intravenous 1 month 200 mg/kg Well
tolerated

Intraperitoneal 1 month 5 ml/kg Well
tolerated

Guinea
pig

Intravenous 1 month .1 ml/kg Well
tolerated

Primate Oral Efficacity 3 ml/kg/day Well
tolerated

Mouse Oral 4 weeks 5 ml/kg Well
tolerated

Intraperitoneal 1 month 100 mg/kg Well
tolerated

3 days 10 ml/kg Well
tolerated

Rabbit Subcutaneous 1 month 1 ml/kg Erythema,
inflam-
mation

TABLE 28
Dulbecco’s Modified PBS

Route Duration Dose Comments

Rat Oral 4 weeks .1, .8, Well tolerated
and 1.2 mg/kg

Intravenous 1 month 1 ml/kg/day Well tolerated
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TABLE 29
Ethanol

Route Duration Dose Comments

Dog Oral 6 months 400 ml/kg Hepatopathy, myopathy, CNS changes
90 days 5 ml/kg 5% solution; Well tolerated
1 month 5 ml/kg 7.5% solution; Well tolerated

Intravenous Once 1 ml/kg 30% solution; CNS depression, ataxia
Rat Oral 5 ml/kg Depression

1 month 175 g/kg Depression, decreased RBC
12 months 1000 mg/kg Fatty liver

7 days 10 ml/kg 10% solution; Well tolerated
4 weeks 2 ml/kg 70% solution; hypokinesia, dyspnea regurgitation,

distended lungs/ileum and swollen abdomen
90 days 8 ml/kg 10% solution; well tolerated

Intravenous 12 months 250 g/kg Nephrosis, ATN, bladder changes, weight loss
Primate Oral 9 months 250 mg/kg Behavioral changes
Mouse Oral 6 months 2500 mg/kg Well tolerated

1 month 2.5 ml/kg 5% solution; well tolerated
Intraperitoneal Acute 5 ml/kg 5% solution; well tolerated
Cutaneous 13 weeks 100 µl/animal/day 70% solution; well tolerated

TABLE 30
Gelucire 44/14

Route Duration Dose Comments

Rabbit Cutaneous Acute 0.5 ml Not irritant
Ocular Acute 0.1 ml Slight irritant

Rat Oral 28 days 600, 1500, 2400 mg/kg/day NOEL: 2400 mg/kg/day
7 days 600, 1500, 2400 mg/kg/day NOEL: 2400 mg/kg/day
Acute No dilution LD50: >2004 mg/kg/day

Dog Oral 3 months 400, 1000, 2500 mg/kg/day NOAEL: >2500 mg/kg/day
14 days 400, 1000, 2500 mg/kg/day

TABLE 31
Glucose

Route Duration Dose Comments

Dog Oral ADME 2/10 ml/kg/day 5% solution; well tolerated
Rat Oral 26 weeks .71–8.6 ml/kg 10% solution; well tolerated

Prelim 5 ml/kg 5% solution; well tolerated
Subcutaneous 2 weeks .75 ml/kg 5% solution; well tolerated

Primate Oral 13 weeks .78–9.3 ml/kg 10% solution; well tolerated
ADME Card. Vas. 5 ml/kg 5% solution; well tolerated
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TABLE 32
Glycerol

Route Duration Dose Comments

Rat Oral 1000 mg/kg Well tolerated
1 month 15 g/kg Reduced adrenal weights
1 month 1000 mg/kg Well tolerated

Subcutaneous 10 mg/kg Well tolerated
Guinea pig Oral 1 month 500 mg/kg Well tolerated
Mouse Oral 90 days 500 mg/kg Depression and reduced respiration

Intravenous 1 month 100 mg/kg Well tolerated
Subcutaneous Acute 10 mg/kg Well tolerated
Intraperitoneal 1 month 250 mg/kg Well tolerated

Rabbit Intravenous 10 mg/kg Well tolerated

to updating and maintaining such a free access website database
for at least the next 5 years, through 2011.

Formulation for drugs, and in a less sophisticated manner, all
test materials for evaluation in intact animal systems (whether
done for efficacy/pharmacology testing or for toxicology) is a
field of expertise of its own. Although there are a few books on
formulation of human drugs (Racz 1989, for example), no such
volume known to the authors exist for preclinical formulations.

Although the development of pharmaceutical formulations
for marketed clinical products is done in a rigorous manner, what
is employed for nonclinical testing is much more pragmatic. The
reader is referred to Racz (1989), Yalkowsky (1999), and Weiner
and Kotkoskie (1999) for more detail than is offered here as to
the principles of vehicle and formulation component selection.

TABLE 33
Gum Tragacanth

Route Duration Dose Comments

Mouse Oral 2 weeks 10 ml/kg .5% solution;
well tolerated

TABLE 34
Hydroxypropyl Beta-cyclodextrin

Route Duration Dose Comments

Dog Intravenous 1 month 10 ml/kg 40% solution;
well tolerated

Rat Intravenous 1 month 10 ml/kg 40% solution;
well tolerated

TABLE 35
Hydroxypropyl Cellulose

Route Duration Dose Comments

Rat Oral 90 days 1000 mg/kg Well tolerated

TABLE 36
Hydroxypropyl Methylcellulose

Route Duration Dose Comments

Dog Intraperitoneal 28 days 200 mg/kg Well tolerated
Rat Oral 1 dose 10 ml/kg .2%; well tolerated

1 dose 10 ml/kg .5%; well tolerated
10 ml/kg .5%; well tolerated

Intraperitoneal 1 dose 5 ml/kg .5%; well tolerated
Mouse Oral 10 doses 10 ml/kg .2%; well tolerated

1 dose 10 ml/kg .5%; well tolerated
Intraperitoneal Acute 50 mg/kg Well tolerated

Acute 5 ml/kg .5%; well tolerated

TABLE 37
Isopropyl Alcohol

Route Duration Dose Comments

Rabbit Dermal 1 month 1000 mg/kg Well tolerated

TABLE 38
Isopropyl Myristate

Route Duration Dose Comments

Rabbit Dermal 1 month 500 mg/kg Well tolerated

TABLE 39
Labrafil MI944

Route Duration Dose Comments

Dog Oral 1 month 2 mg/kg Well tolerated
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TABLE 40
Labrasol

Route Duration Dose Comments

Rat Oral Acute 20, 22.4, 25.1, 28.21 and 31.60 g/kg LD50 = 22 g/kg; nontoxic
ADME 10, 150 mg/kg/day
Segment II: 1000, 2000, or 3000 mg/kg/day NOEL: 3000 mg/kg/day with no

embryofetal indication of a teratogenicity
development

14 days 100, 300, 1000, 3000 mg/kg/day NOAEL: 3000 mg/kg/day
6 months 300, 1000, and 3000 mg/kg/day NOEL: 300 mg/kg/day; NOAEL:

3000 mg/kg/day
Intravenous 28 days 10 mg/kg/day
Cutaneous Patch test .02 ml/animal Well tolerated

Acute Very well tolerated
Ocular Slight irritant

Dog Oral 13 weeks 0, 300, 1000, and 3000 mg/kg/day NOEL: 1000 mg/kg/day; NOAEL:
3000 mg/kg/day

14 days 100, 300, 1000, and 3000 mg/kg/day In high-dose group, moderate suppurative
inflammation of the lungs. No adverse
affects on survival and clinical observations

3 months 300, 1000, 3000 mg/kg/day NOEL: 1000 mg/kg/day; NOAEL:
3000 mg/kg/day

Rabbit Cutaneous Patch test 0.5 ml Well tolerated
Ocular Acute 0.1 ml Slight irritant

TABLE 41
Lactose

Route Duration Dose Comments

Primate Inhalation 2 weeks 1 L/min/animal Well
tolerated

TABLE 42
Lanolin

Route Duration Dose Comments

Rabbit Dermal 90 days 1000 mg/kg Well tolerated

TABLE 43
L-Ascorbic Acid

Route Duration Dose Comments

Rat Oral 90 days 500 mg/kg Hematologic changes,
weight loss

TABLE 44
Lauroglycol

Route Duration Dose Comments

Rabbit Cutaneous Acute No dilution Moderately
irritant

Ocular Acute No dilution Slightly irritant
Rat Oral Acute LD50: >2003 mg/

kg/day

TABLE 45
Maltitol Solution

Route Duration Dose Comments

Rat Intraperitoneal 1 month 500 mg/kg Well tolerated

TABLE 46
Maltol

Route Duration Dose Comments

Guinea pig Oral 1 month 75 mg/kg Well tolerated
Rabbit Oral 1 month 100 mg/kg Well tolerated
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TABLE 47
Mannitol

Route Duration Dose Comments

Primate Oral 2 months 10 ml/kg Well tolerated

TABLE 48
Methyl Cellulose

Route Duration Dose Comments

Rat Oral 1 month 10 ml/kg .5%; well tolerated
1 month 5 ml/kg .5%; well tolerated
14 doses 10 ml/kg 1%; well tolerated
1 dose 10 ml/kg 2%; well tolerated

Guinea pig Oral 12 doses 4 ml/kg .5%; well tolerated
Primate Oral 1 month 10 ml/kg .1%; well tolerated

1 month 10 ml/kg .5%; well tolerated
2 weeks 5 ml/kg .5%; well tolerated
1 month 5 ml/kg 1%; well tolerated

Mouse Oral 90 days 10 ml/kg .5%; well tolerated
Rabbit Oral 1 month 4 ml/kg .5%; well tolerated
Dog Oral 2 weeks 10 ml/kg .5%; well tolerated

TABLE 49
Mineral Oil

Route Duration Dose Comments

Rat Oral 1 month 5 ml/kg Well tolerated
Mouse Oral 1 month 250 mg/kg Well tolerated
Dog Oral 1 month 2.5 ml/kg Well tolerated

TABLE 50
PBS (Phosphate-Buffered Saline)

Route Duration Dose Comments

Rat Oral 1 month 10 ml/kg Well tolerated
Intravenous 1 dose 1 ml/kg Well tolerated

Subcutaneous 1 month 1 ml/kg Well tolerated
Slow bolus 11 doses 1 ml/kg Well tolerated

Mouse Subcutaneous 6 month 10 ml/kg Well tolerated
Primate Oral 2 weeks 10 ml/kg Well tolerated

2 weeks 1.6 ml/kg Well tolerated
Subcutaneous 1 week .2 ml/kg Well tolerated

9 months 1 ml/kg Well tolerated

TABLE 51
Peanut Oil

Route Duration Dose Comments

Rat Oral 1 month 10 g/kg Well tolerated
12 months 10 g/kg Well tolerated

90 days 10 g/kg Well tolerated

TABLE 52
PEG 300

Route Duration Dose Comments

Guinea pig Intravenous 1 month 1 ml/kg Well tolerated
Mouse Oral ADME 10 ml/kg/day Well tolerated
Rabbit Oral 1 month 500 mg/kg Well tolerated

TABLE 53
PEG 400

Route Duration Dose Comments

Guinea
pig

Oral 1 month 1000 mg/kg Well
tolerated

Mouse Oral 4 weeks 10 ml/kg/day Well
tolerated

Intraperitoneal 1 month 500 mg/kg Well
tolerated

3 days 10 ml/kg 35%; well
tolerated

1 month 2.5 ml/kg 40%; well
tolerated

Rat Oral 10 doses 1.67 mg/kg Well
tolerated

1 dose 2 ml/kg Well
tolerated

1 dose 5 ml/kg Well
tolerated

4 weeks 5 ml/kg/day Well
tolerated

1 month 5 ml/kg Well
tolerated

Intravenous 1 dose .5 ml/kg Well
tolerated

4 weeks 0.5 ml/kg Well
tolerated

Intraperitoneal 1 month 5 ml/kg 35%; well
tolerated

Cutaneous 13 weeks 2.5 ml/kg Well
tolerated

104 weeks 2.5 ml/kg Well
tolerated

Minipig Cutaneous 2 weeks 2.5 ml/kg Well
tolerated
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TABLE 54
Petrolatum

Route Duration Dose Comments

Rabbit Dermal 1 month 1 mg/kg Well tolerated

TABLE 55
Poloxamer

Route Duration Dose Comments

Rat Oral 1 month 10 ml/kg 7.5%; well tolerated
Mouse Oral 1 month 10 ml/kg Well tolerated

TABLE 56
Povidone

Route Duration Dose Comments

Rat Intramuscular 90 days 1 ml/kg 1%; well tolerated

TABLE 57
Propylene Glycol

Route Duration Dose Comments

Rat Oral 1 month 2.5 ml/kg Well
tolerated

2 weeks 2 ml/kg Well
tolerated

Subcutaneous 4 weeks 2.5 ml/kg Well
tolerated

Minipig Cutaneous 26 weeks 2.5 ml/kg Well
tolerated

Mouse Oral 1 month 10 ml/kg 50%; well
tolerated

Intraperitoneal 1 month 2.5 ml/kg 40%; well
tolerated

Dog Oral 1 month 2.5 ml/kg Well
tolerated

Prelim 2 ml/kg Well
tolerated

TABLE 58
Rameb 7.5%

Route Duration Dose Comments

Primate Intranasal 1 month,
3 doses
per day

82.8 mg/ml (with
treatment) 74.7
mg/ml (as
placebo)

Well
tolerated

TABLE 59
Sesame Oil

Route Duration Dose Comments

Rat Oral 1 month 1 ml/kg Well tolerated
Mouse Oral 1 month .25 ml/kg Well tolerated
Rabbit Oral 1 month .5 ml/kg Well tolerated
Dog Oral 1 month 1 ml/kg Well tolerated

TABLE 60
Sodium Acetate Trihydrate Buffer

Route Duration Dose Comments

Primate Intravenous Card.vas. 1 ml/kg Well tolerated

TABLE 61
Sodium Chloride 0.9%

Route Duration Dose Comments

Rat Intravenous 7 doses 1 ml/kg Well tolerated
1 dose 1 ml/kg Well tolerated

14 doses 10 ml/kg Well tolerated
3 doses 4 ml/kg Well tolerated

Subcutaneous 1 dose 0.1–0.4 ml Well tolerated
1 month 4 ml/kg Well tolerated
56 doses 2 ml/kg Well tolerated

Slow bolus 1 dose 1 ml/kg Well tolerated
1 dose 10 ml/kg Well tolerated

Mouse Intravenous 1 dose 10 ml/kg Well tolerated
Subcutaneous 1 dose 10 ml/kg Well tolerated

Rabbit Intravenous 1 dose .1 ml/kg Well tolerated
Intraperitoneal 1 dose .1 ml/kg Well tolerated

Dog Oral 1 dose .282 ml/kg Well tolerated
Intravenous 1 dose 10 ml/kg Well tolerated

1 dose 2 ml/kg Well tolerated
2 weeks 5 ml/kg Well tolerated

Subcutaneous 1 month .025 ml Well tolerated
Slow bolus 1 dose .3 ml/kg Well tolerated

Primate Subcutaneous 1 month .67 ml/kg Well tolerated
56 doses .5 ml/kg Well tolerated

TABLE 62
Sodium Phosphate

Route Duration Dose Comments

Dog Oral 2 weeks 10 ml/kg 70 mM; well tolerated
Rat Oral 2 weeks 10 ml/kg 70 mM; well tolerated

TABLE 63
Tartaric Acid

Route Duration Dose Comments

Rat Oral 39 week .5 ml/kg Well
tolerated

2 weeks 3 ml/kg Well
tolerated

Rabbit Oral Prelim. Segmt. II 3 ml/kg/day Well
tolerated

Segmt. II 3 ml/kg/day Well
tolerated
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TABLE 64
Transcutol

Route Duration Dose Comments

Cat Intravenous 1 month 2 ml/kg Well tolerated
Rabbit Dermal Skin irritation .5 ml over 2 cm2 area 50%; nonirritant

28 days 0, 300, 1000, 3000 mg/kg/day Undiluted; NOEL >1000 mg/kg/day
Ocular Eye irritation 0.1 ml 30%; Slight irritation

Eye irritation 0.1 ml Undiluted; slight irritation
Rat Oral 90 days 0%, 0.25%, 1%, and 5% NOEL is 1%

Acute 5.0 g/kg LD50 > 5000 mg/kg
Fertility and embry-

otoxicity range-
finding study

500, 1000, 2000, 4000 mg/kg/day NOEL > 500 mg/kg/day

Mouse Oral Acute 6.6 g/kg tested toxic
Oral Chronic (12 months) NOEL: 850–1000 mg/kg

Dog Oral 90 days NOAEL: 1500 mg/kg/day

DISCUSSION
Although some of the vehicle options and choices pre-

sented here may seem unusual, it should be noted that what
is reported here represents what is used from the discovery
phase of drug development through early nonclinical safety as-
sessment, and in many cases, all the way through to use in
marketed products (the reader is invited to inspect the FDA’s
[Food and Drug Administration] inactive ingredient list, at
www.fda.gov/cder/drug/iig/inact.pdf, to verify this point). Lac-
tose as a formulation component for inhalation may seem con-
tralogical, yet marketed products employ it for dispersion of drug
powder and metered dose inhaler (MDI) dosage formulation.

TABLE 65
Trisodium Citrate Dihydrate

Route Duration Dose Comments

Dog Oral 52 weeks 10 ml/kg/day Well tolerated
Rat Oral Segm. III 10 ml/kg/day Well tolerated

39 weeks 10 ml/kg/day Well tolerated
4 weeks 10 ml/kg/day Well tolerated

Mouse Intravenous 13 weeks 10 ml/kg/day Well tolerated

TABLE 66
Tween 20

Route Duration Dose Comments

Rat Oral 1 month 250 mg/kg Well tolerated
90 days 500 mg/kg Diarrhea

Mouse Oral 1 month 10 mg/kg Well tolerated

TABLE 67
Tween 80

Route Duration Dose Comments

Dog Oral 90 days 5 ml/kg as 1% of
formula-
tion;
Well
tolerated

Rat Oral 350 mg/kg Well
tolerated

4 weeks 5 ml/kg 1%; well
tolerated

7 days 10 ml/kg 1%; well
tolerated

Intravenous 100 mg/kg Well
tolerated

Mouse Intraperitoneal 1 month 10 ml/kg 2%; well
tolerated

Intranasal 3 days 10 µl/nostril .2%; well
tolerated

Primate Oral Efficacy 5 ml/kg 1%; well
tolerated

TABLE 68
Xylitol

Route Duration Dose Comments

Primate Intranasal 1 month 1200 µl/day for control
and high in test
formulations:
concentration 200 and
400 µl/day for
respectively low- and
intermediate-dose
level

Well
tolerated
at 1200
µ1/day
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For all formulations, the ability to accurately administer
an aliquot of what has been prepared, with each aliquot be-
ing of uniform content, is a primary requirement. With fewer
exceptions (i.e., capsule fills), this means achieving a solution
or (second choice) stable suspension.

Although the first choice for any systemic route is always
a modification of an aqueous based vehicle, the physiochemi-
cal characteristics of the test material dictate available options
(Yalkowsky 1999; Racz 1989). One starts with either a polar or
nonpolar solvent to begin with, depending on which achieved
adequate dissolution of the test material, and works from
there.

Although it is common in much of the pharmaceutical indus-
try to stick to those components that have already seen use in
other drugs from as early a point in development as possible,
such is nowhere near a universal case.

In hopes of making the database presented here as accessible
as possible and to broaden its content, GCS has set up an online
version with free access (go to www.gadconsulting.com), which
provides an online mechanism to submit new data, and will
maintain and update the electronic site for at least 5 years after
publication of this article (until 2011).
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