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ABSTRACT: A novel allergy vaccine (Pollinex® Quattro Ragweed) has been developed for the prevention or relief of

allergic symptoms caused by pollen from Ambrosia spp. (ragweed). An extract from the pollen (chemically modified by

glutaraldehyde) is adsorbed onto L-tyrosine with addition of the immunostimulatory adjuvant, monophosphoryl lipid A

(MPL®). A specific preclinical safety testing strategy was developed to support clinical use and comprised reference to

preclinical data available for the marketed non-MPL® adjuvanted form of the ragweed vaccine (Pollinex® R) and a new

repeat dose toxicity study in the rat. Studies with Pollinex® R comprised single dose subcutaneous toxicity studies in mice

and rats, repeat dose (10 injections over 20 days) parenteral toxicity studies in rats and dogs, an in vitro gene mutation

assay along with single and multiple injection local tolerance studies in rats and dogs. The repeat dose subcutaneous toxi-

city study with Pollinex® Quattro Ragweed involved seven injections over 3 weeks (which was more aggressive than the

four weekly doses used in the clinic) with dose levels of up to 0.5 ml per animal used. Overall, the product showed no

toxicological findings of significance at levels greatly in excess of those proposed for clinical use. As is a feature with

vaccination, some dose site irritation was seen. Copyright © 2007 John Wiley & Sons, Ltd.
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of pollen (Taramarcaz et al., 2005). Over the years,

allergy vaccination, also known as specific immunotherapy

(SIT) has been recognised as a safe and efficacious treat-

ment strategy for patients suffering from ragweed and

other pollen allergy; gradually increasing quantities of

specific allergen are given in order to reduce symptoms

to that allergen upon subsequent exposure (e.g. Bousquet

et al., 1998; Ebner, 1999; Malling, 2000; Rolland et al.,

2000). Such vaccination is believed to exert its beneficial

effects on the immune system, at least in part, by modi-

fying the T-helper 2 (Th2) lymphocyte response to sub-

sequent natural allergen exposure. Studies of successful

allergy vaccination have shown that the Th2 cellular

response influencing the expression of interleukins IL-4,

IL-5 and IgE antibody is depressed in favour of a more

Th1 like response, which is associated with increased

IFN-γ and IL-10 or IL-12 (Bellinghausen et al., 1997;

Durham and Till, 1998; Jung et al., 1995). Continuing

development in this field has improved safety and

efficacy by addressing manufacturing quality (better

characterised and standardised allergen extracts), optimal

dosing, allergen modification (to reduce allergenicity

whilst maintaining immunogenicity), adjuvant adsorp-

tion (to control release) and adjuvant activity (to assist

immunomodulatory action). A new range of vaccines

Introduction

Allergic asthma and allergy-related disorders such as

rhinitis are becoming increasingly prevalent in the devel-

oped world. A particularly important allergenic weed is

ragweed (Ambrosia spp.) which has been reported as the

major source of airborne allergenic protein in the United

States with at least 10% of the overall population sensi-

tised to short ragweed and a prevalence of about 50% in

atopic individuals (Taramarcaz et al., 2005; Wopfner

et al., 2005). Indeed, a recent survey of over 10 000

individuals showed a positive skin test response of 26%

to ragweed for the period 1988–1994 which was over 2-

fold higher than the prevalence rate seen in an earlier

survey covering the period 1976–1980 (Arbes et al.,

2005). Ragweed allergy is also rapidly increasing in

Europe (notably in France, Italy, Austria, Hungary,

Croatia and Bulgaria) where up to 12% of the population

in some of these countries are hypersensitive to this type
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(Pollinex® Quattro) embraces these properties resulting in

the alleviation of symptoms caused by many pollens.

Indeed, current formulations are designed to provide a

vaccine that is efficacious with only four doses in con-

trast to longer administration schedules in use for other

allergy vaccines. Pollinex® Quattro Ragweed contains

a short ragweed pollen extract which is chemically

modified by glutaraldehyde and adsorbed onto L-tyrosine

with addition of the immunostimulatory adjuvant, mono-

phosphoryl lipid A (MPL®). Short ragweed is the most

widespread species, and it is not necessary to employ

mixtures of ragweed pollens since there is significant

cross-reactivity between species (White and Bernstein,

2003).

Vaccines employing allergen modification and im-

proved adsorption are not new and include the Modified

pollen Allergens Tyrosine Adsorbed (MATA) vaccines

derived from extracts of one or more pollens which

are chemically modified by glutaraldehyde (to produce

allergoids) and adsorbed onto L-tyrosine (e.g. Wheeler

et al., 1982). Variants of the MATA range are currently

marketed in various countries under various brand names

(e.g. Pollinex®) and have been in use for at least

25 years; indeed, Pollinex® R, a modified ragweed

tyrosine adsorbate, has been commercially available in

Canada since the 1980s (www.hc-sc.ca). An array of

data are available to show the safe and efficacious use

of MATAs using grass pollen (including ragweed) ex-

tracts (e.g. Bonifazi et al., 1991; Drachenberg et al.,

2001; 2003; Ko et al., 1987; Muehlethaler et al., 1990;

Palmer and Balacescu, 1977). Indeed, a recent study

with Pollinex® Quattro Ragweed, using a four-injection

course, has demonstrated the vaccine to be well tolerated

and to significantly reduce allergy symptoms (www.

allergytherapeutics.com). Other publications show that

L-tyrosine is a safe adjuvant for human use and has

both an adsorptive role (as a short-term depot) and a

favourable immunological effect (Baldrick et al., 2002a;

Newland et al., 1999; Wheeler et al., 1982; Wheeler and

Woroniecki, 2001). The addition of MPL®, a detoxified

form of lipid A derived from the lipopolysaccharide of

Salmonella minnesota R595, as an immunostimulatory

adjuvant to a range of vaccine materials is the subject

of ongoing clinical trials for many companies. Indeed,

the adjuvant has been licensed for use in the melanoma

vaccine, Melacine® in Canada and in the hepatitis

vaccine, Fendrix® in Europe (www.emea.eu.int-a; www.

pslgroup.com). Published non-clinical and clinical data

indicate that MPL® is safe and effective with excellent

immunological adjuvant activity through its ability to

induce a skew from a Th2-like to a Th1-like situation

(Alving, 1993; Baldrick et al., 2000b; Lodmell et al.,

2000; Moore et al., 1999; Puggioni et al., 2005; Thoelen

et al., 1998; Ulrich and Myers, 1995). Mechanistic

studies indicate that it works as a Toll-Like 4 Receptor

(TLR4) agonist, directly activating innate immune mech-

anisms such as induction of pro-inflammatory cytokines

with resulting favourable T and B cell responses (e.g. De

Becker et al., 2000; Ismaili et al., 2002; Martin et al.,

2003). In vitro and in vivo studies show that non-toxic

doses of MPL® have ideal adjuvant properties at dose

levels at, or in the region of, 50 µg MPL®, a level which

is used in human allergy vaccine formulations (Baldrick

et al., 2002a). Immunogenicity studies in rodents have

shown that the presence of L-tyrosine/MPL® with a model

antigen provides a Th1 skewed effect inducing IgG2a and

IgG2b responses but minimal IgE response (Wheeler

et al., 2001).

Clinical trials with Pollinex® Quattro vaccines are pro-

gressing and this paper reports preclinical studies that

were performed to show that the materials, in this case

Pollinex® Quattro Ragweed, have given no cause for

toxicological safety concerns. Relatively little global

‘regulatory’ guidance for safety testing of these types of

product exists. The World Health Organisation (WHO)

has designated standardised allergen extracts as ‘vaccines’

(Bousquet et al., 1998). In Europe, guidance exists for

preclinical evaluation of vaccines (www.emea.eu.int-b)

and the WHO has recently issued guidance on the same

topic (www.who.int). The principles mentioned in these

documents have been followed but due to the nature of

Pollinex® Quattro Ragweed, a specific safety testing strat-

egy was adopted with a new repeat dose toxicity inves-

tigation in the rat.

Materials and Methods

The repeat dose toxicity study in the rat with Pollinex®

Quattro Ragweed was performed at Charles River Labo-

ratories, BioLabs Europe, Ballina, Co. Mayo, Eire in

2004 and conformed to Good Laboratory Practice (GLP).

Other preclinical studies with glutaraldehyde-modified

ragweed pollen extract (adsorbed onto L-tyrosine) to

which Allergy Therapeutics Ltd has access, performed in

the 1970s, were carried out in various testing establish-

ments before the introduction of GLP but were consid-

ered to be scientifically robust.

Test Material and Formulation

The Pollinex® Quattro Ragweed vaccine employs a

modified ragweed pollen (short or common ragweed,

Ambrosia elatior, Ambrosia artimisiifolia) extract which

is adsorbed by co-precipitation to L-tyrosine and then to

MPL® adjuvant. The product is analogous to the ragweed-

containing Pollinex® R vaccine and similar to some forms

of the grass pollen vaccine marketed as Pollinex®, with

the exception that MPL® is not present. An aqueous

extract of ragweed pollen is chemically modified with

glutaraldehyde which covalently binds to primary amino
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groups on the extracted protein. This procedure gives

a modified allergen (also known as an allergoid) which

retains the ability to reproduce the immunological re-

sponse to the native allergen, but with the safety benefit

of reduced allergenicity or IgE reactivity (Moran and

Wheeler, 1976; Moran et al., 1977; Wheeler et al., 1976).

A measured antigenic value is used for the starting

pollen material which forms the basis for the calculation

of immunological potency in Standardised Units ml−1

(SU ml−1) for the final product. The composition of test

material is given in Table 1.

The test material for the repeat dose toxicity study

with Pollinex® Quattro Ragweed vaccine was formulated

into vials containing 12 000 SU ml−1 of ragweed pollen

allergoid, 100 µg ml−1 MPL® adjuvant and 20 mg ml−1

tyrosine and was administered as supplied at volumes

of 0.05 and 0.5 ml. The latter volume resulted in a level

of 6000 SU ml−1 allergoid which is the highest dose of

Pollinex Quattro Ragweed vaccine.

Single Dose Toxicity Studies

Groups of male and female mice or rats were given a

single subcutaneous injection of modified ragweed pollen

tyrosine adsorbate vaccine (Pollinex® R) in four separate

studies as detailed in Table 2. Although these studies

were performed in the 1970s, they followed a standard

single dose study design and it is felt that they are

useful in supporting an assessment of toxicity following

acute subcutaneous dosing with a high ragweed pollen

allergoid concentration.

Repeat Dose Toxicity Studies

Groups of male and female rats or dogs were given a

single intramuscular (rat) or subcutaneous (dog) injection

of modified ragweed pollen tyrosine adsorbate vaccine

every second day over 20 consecutive days as detailed in

Table 2. These studies, which were performed in the

1970s, are probably deficient by modern standards in that

only one vaccine-treated group was tested and low

numbers of non-rodents were used in the study design,

although standard repeat dose parameters were assessed

as part of the study design. Thus, it is felt that they are

useful in supporting an evaluation of general toxicity

following repeated parenteral dosing with a high ragweed

pollen allergoid concentration.

The repeat dose toxicity study with Pollinex® Quattro

Ragweed vaccine took the form of a 3-week intermittent

dose subcutaneous toxicity study in the rat followed by

a 2-week treatment-free period. Groups of 10 male and

10 female Han Wistar rats (Crl:WI (Glx/BRL/Han)

BR from Charles River Labs, Margate Kent, UK) were

given a single subcutaneous dose of vaccine at dose vol-

umes of 0.05 and 0.5 ml per rat twice weekly for 3 weeks

(a total of 7 doses) — groups 3 and 4, respectively.

This dose regimen is much more aggressive than that

used in the clinic (four weekly doses). Two control

groups (one — group 1 — receiving 0.9% sodium chloride

for intravenous infusion, Baxter Healthcare Ltd, Norfolk,

UK and the other — group 2 — receiving the vehicle

formulation without the allergoid or MPL® — see Table

1) of 10 males and 10 females were also dosed on the

same seven occasions over 3 weeks at a dose volume of

0.5 ml per rat. Rats were approximately 8 weeks old and

had body weights of 209–262 g (males) and 144–187 g

(females) on study initiation. They were allocated to

the various study groups by a randomisation procedure

based on body weight and, individually identified by ear

punch and animal number recorded on the dorsal surface

of the tail. The animals were generally maintained under

conditions of 21–23 °C, 44–56% relative humidity and

a 12 h light/dark cycle. Standard rodent diet (a minimum

of 500 g/cage) and water (available ad libitum) were

Table 1. Composition of test materiala

Reference to
Ingredient Function Quantity per ml Standards

Active substance

Allergen extract (short ragweed allergoid) Active ingredient 12 000 SU HSEb

Other ingredients

L-Tyrosine Adsorbant base 20 mg (2%) Ph.Eur.

Monophosphoryl lipid A/AF (MPL®) Adjuvant 0.1 mg HSEc

Phenol Preservative 5 mg (0.5%) Ph.Eur.

Sodium chloride Tonicity 9 mg Ph.Eur.

Disodium hydrogen phosphate Buffering and tonicity Not exceeding 4 mg Ph.Eur.

dodecahydrate and sodium

dihydrogen phosphate dihydrate

Water for injection Diluent to 1 ml Ph.Eur.

a The formulation control material was identical except that active ingredient and MPL® were not present.
b HSE — in-house specifications, vaccines are quantified in SU — Standardised Units ml−1 (12 000 SU contains approximately 20 µg of major ragweed pollen

allergen Amb a 1).
c HSE — methodology described in Hopkins et al. (2001).
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provided throughout the study. Rats were housed five

to a cage.

All rats dosed with 0.05 ml and 5 animals/sex/group

from the two control and 0.5 ml groups were killed

after 3 weeks; the remaining rats were retained for a 2-

week recovery period. The following study parameters

were measured: mortality and clinical observations, body

weights, food consumption, ophthalmoscopy, clinical

pathology and urinalysis, organ weights plus macroscopic

and microscopic examination. Clinical observations were

made daily. Body weights were recorded during acclima-

tisation, on day 1, twice weekly and prior to necropsy.

Food consumption was measured on a weekly basis

and was expressed as g rat−1 week−1. An ophthalmoscopic

examination was performed predose (all animals) and at

the end of week 3 (controls and high dose); examination

was carried out using an ophthalmoscope after induction

of mydriasis. On the day before necropsy, the rats were

moved to metabolism cages overnight to allow collec-

tion of urine samples. The following parameters were

measured: volume, specific gravity, pH, glucose, blood,

ketones, protein, bilirubin, urobilinogen, reducing sub-

stances and microscopy of the sediments. Prior to killing

at the end of week 3 or after the 2 week non-dose recov-

ery period, blood samples for haematology and clinical

chemistry assessment were collected by cardiac puncture.

Samples were collected in EDTA and lithium heparin

tubes, respectively. Haematology parameters measured

comprised: haemoglobin, red blood cell count, packed

cell volume, mean cell volume, mean cell haemoglobin,

mean cell haemoglobin concentration and white blood

cell count. Clinical chemistry parameters measured

comprised: aspartate aminotransferase, alanine aminotran-

sferase, alkaline phosphatase, sodium, potassium, chlo-

ride, calcium, inorganic phosphate, urea, total bilirubin,

creatinine, total protein, albumin, globulin, albumin/globulin

ratio, total cholesterol and glucose.

Rats were killed after 3 weeks of treatment or, after

the 2 week recovery period, by sodium pentobarbitone

overdose prior to exsanguination and then examined

grossly for pathological changes. Selected organs were

weighed (paired organs together) and comprised: adrenals,

kidneys, spleen, liver, heart, brain, pituitary, testes +
epididymides and ovaries. Following processing for light

microscopy, the following organs/tissues were examined

histopathologically for all animals of the control and high

dose groups (as well as injection sites from the low dose

group): adrenals, axillary lymph nodes, brain, caecum,

colon, duodenum, femur with bone marrow and articular

surface, gross lesions, heart and aorta, ileum, injection

sites, jejunum, kidneys, larynx and trachea, liver, lungs

with mainstem bronchi, mammary gland (female), man-

dibular and mesenteric lymph nodes, oesophagus, ovaries,

pancreas, Peyer’s patches, pituitary, prostate, rectum, sali-

vary glands, sciatic nerves, seminal vesicles, skin, spinal

cord (at three levels), spleen, sternum with bone marrow,

stomach, testes + epididymides, thymus, thyroids +
parathyroids, tongue, trachea, urinary bladder, uterus and

vagina.

Statistical analysis involved comparison of Group 1

with Groups 2, 3 and 4. Body weight and clinical path-

ology parameters were analysed using mixed models

analysis of variance (ANOVA) and/or covariance

(ANCOVA). Probability values of P < 0.05 were con-

sidered statistically significant.

Genotoxicity

The two components of modified ragweed L-tyrosine

adsorbate (Pollinex R), i.e. modified ragweed extract 3%

w/v and L-tyrosine suspension were tested separately for

mutagenic potential in three histidine-requiring strains

(TA98, TA100 and TA1537) of Salmonella typhimurium

both in the absence and presence of metabolic activa-

tion by an Aroclor 1254-induced rat liver post mito-

chondrial fraction (S9). Levels of up to 3000 µg of

modified ragweed extract/plate (Unpublished data, 1978)

and 1000 µg of L-tyrosine/plate (Baldrick et al., 2002b)

were tested, using distilled water as solvent; positive

and negative control treatments were also included as

part of the study design. Although this study was defi-

cient by modern standards, it is felt that it is useful in

confirming a lack of genotoxic potential from modified

ragweed extract and tyrosine suspension. L-Tyrosine was

shown to be non-genotoxic elsewhere (Baldrick et al.,

2002b).

Local Tolerance Studies

A comprehensive study has been carried out in rats and

dogs to examine dose site effects following parenteral

administration of modified ragweed pollen tyrosine

adsorbate vaccine as detailed in Table 2. Although these

studies were performed in the 1970s, they followed a

study design of injection followed by macroscopic and

microscopic examination and it is felt that they are

useful in supporting an assessment of local tolerance for

a ragweed pollen vaccine.

Results

Single Dose Toxicity Studies

Not unexpectedly, no evidence of toxicity was seen

following high acute subcutaneous doses of modified

ragweed pollen tyrosine adsorbate vaccine to mice or

rats (see Table 2). The doses used were in the order of

up to 2-fold the ragweed allergoid concentration used in

the new Pollinex® Quattro Ragweed.
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Repeat Dose Toxicity Studies

No evidence of toxicity was seen following 10 parenteral

doses of modified ragweed pollen tyrosine adsorbate

vaccine, given over 20 days, to rats or dogs (see

Table 2). The doses used were approximately the same

as the ragweed allergoid concentration used in the new

Pollinex® Quattro Ragweed. In the rat, slight increases

in neutrophils and spleen weight were seen. For both

species, evidence of a local dose site reaction was seen.

Single subcutaneous doses of Pollinex® Quattro

Ragweed vaccine at 0.05 and 0.5 ml per rat twice weekly

for 3 weeks were well tolerated with no obvious signs

of systemic toxicity (see Table 3). The only notable

statistically significant changes compared with the saline

control in clinical pathology parameters were a slight

Table 3. Key effect of repeat subcutaneous administration of Pollinex® Quattro Ragweed on various toxicity study
parameters after a 3 week treatment and 2 week recovery period (week 5)

Parameter Dose level (ml per animal) and findings ± standard deviation

0.9% saline Vehicle 0.05 0.5

Haemoglobin (g dl−1) week 3 M 14.0 ± 0.7 13.8 ± 0.4 14.1 ± 0.6 13.5 ± 0.2*

F 14.4 ± 0.5 13.7 ± 0.3 13.9 ± 0.3 12.5 ± 1.1*

Haemoglobin (g dl−1) week 5 M 14.1 ± 0.5 14.1 ± 0.5 — 13.9 ± 0.5

F 13.8 ± 1.0 14.0 ± 0.5 13.3 ± 0.9

Packed cell volume (%) week 3 M 42.3 ± 2.4 41.3 ± 1.0 42.2 ± 1.9 40.8 ± 0.9*

F 43.0 ± 1.4 41.0 ± 0.9 41.6 ± 1.2 37.6 ± 3.1*

Packed cell volume (%) week 5 M 41.5 ± 1.9 41.8 ± 1.7 — 41.0 ± 1.7

F 41.0 ± 3.0 41.4 ± 1.3 39.5 ± 2.3

Mean cell volume (fl) week 3 M 56.9 ± 1.1 54.8 ± 1.1 54.9 ± 1.3 53.1 ± 1.4*

F 55.4 ± 1.7 55.3 ± 0.5 55.3 ± 1.6 55.0 ± 1.6*

Mean cell volume (fl) week 5 M 52.4 ± 1.0 53.7 ± 1.3 — 52.1 ± 1.2

F 54.0 ± 1.1 53.6 ± 0.9 53.2 ± 1.6

Mean cell haemoglobin week 3 M 18.8 ± 0.2 18.4 ± 0.5 18.4 ± 0.5 17.5 ± 0.5*

F 18.5 ± 0.6 18.5 ± 0.2 18.4 ± 0.6 18.3 ± 0.6*

Mean cell haemoglobin week 5 M 17.9 ± 0.6 18.2 ± 0.6 — 17.6 ± 0.5

F 18.2 ± 0.4 18.1 ± 0.6 17.9 ± 0.6

Albumin (g l−1) week 3 M 35.5 ± 2.4 34.3 ± 1.3 33.5 ± 1.0 33.4 ± 1.5*

F 36.9 ± 1.8 36.9 ± 1.5 36.4 ± 1.7 33.3 ± 1.8*

Albumin (g l−1) week 5 M 33.9 ± 1.2 35.6 ± 1.2 — 32.7 ± 1.2

F 37.7 ± 2.9 37.4 ± 1.5 38.8 ± 1.8

Globulin (g l−1) week 3 M 24.7 ± 1.7 23.7 ± 0.8 22.6 ± 2.3 27.1 ± 1.0*

F 20.5 ± 1.1 19.9 ± 1.6 26.0 ± 1.8* 24.6 ± 3.3*

Globulin (g l−1) week 5 M 23.8 ± 1.5 22.9 ± 1.6 — 25.4 ± 2.4

F 26.1 ± 2.2 23.9 ± 1.6 25.6 ± 2.1

Spleen weight (g)a week 3 M 0.675 ± 0.09 0.682 ± 0.03 0.6811 ± 0.11 0.768 ± 0.06

F 0.455 ± 0.02 0.442 ± 0.06 0.466 ± 0.07 0.505 ± 0.03

Spleen weight (g)a week 5 M 0.730 ± 0.14 0.759 ± 0.11 — 0.736 ± 0.06

F 0.549 ± 0.05 0.492 ± 0.05 0.532 ± 0.13

Liver weight (g)a week 3 M 9.92 ± 0.51 9.44 ± 0.58 10.46 ± 1.09 11.27 ± 1.20

F 6.81 ± 0.86 6.91 ± 0.53 6.87 ± 0.07 6.46 ± 0.54

Liver weight (g)a week 5 M 11.29 ± 1.29 10.98 ± 0.92 — 10.30 ± 0.48

F 7.54 ± 0.75 7.89 ± 0.37 7.43 ± 1.21

Macroscopic findings after 3 weeksb Yesc Yesc Yesc Yesc

Macroscopic findings after recoveryb Noc Yesc — Yesc

Microscopic findings after 3 weeksb M F M F M F Md F

Granulomatous inflammation 0/5 0/5 1/5 0/5 0/5 1/5 0/5 2/5

Abscess 0/5 0/5 0/5 3/5 0/5 1/5 3/5 1/5

Dermal oedema 1/5 3/5 3/5 0/5 2/5 2/5 1/5 3/5

Dermal haemorrhage 0/5 1/5 1/5 2/5 0/5 0/5 0/5 1/5

Siderophages 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5

Microscopic findings after recoveryb

Granulomatous inflammation 0/5 0/5 0/5 0/5 NM NM 1/5 0/5

Abscess 0/5 0/5 0/5 0/5 NM NM 0/5 0/5

Dermal oedema 0/5 0/5 0/5 0/5 NM NM 3/5 4/5

Dermal haemorrhage 0/5 0/5 0/5 0/5 NM NM 0/5 0/5

Siderophages 0/5 0/5 0/5 0/5 NM NM 2/5 0/5

M, male; F, female; NM, not measured.

* P < 0.05.
a Based on final body weight; statistical analysis not performed.
b Injection site only.
c Small areas of haemorrhage in saline control; more marked in other groups with evidence of slight calcification; findings of very slight clarification among

small numbers of animals only after 2 weeks recovery.
d 1/5 animals had abscess at adjacent axillary lymph node at week 3.
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reduction in some haematology measurements (haemo-

globin, packed cell volume, mean cell count and mean

cell haemoglobin) and albumin levels among rats treated

at 0.5 ml per animal along with raised globulin levels at

both 0.05 and 0.5 ml per rat. Other findings comprised

increased spleen weight (10–12%) for both sexes and

liver weight (12%) for males at the high dose level. None

of these findings were seen after the 2 week recovery

period. In light of no associated microscopic findings, the

slight changes in the red cell parameters and increased

liver weight were considered coincidental and of no toxi-

cological relevance. At the terminal kill, there were mac-

roscopic and microscopic findings suggestive of local

irritation at the injection site of both control and treated

animals. However, findings were fairly minimal among

saline treated animals with cases of small areas of haem-

orrhage and dermal oedema. These findings were much

more obvious in vaccine vehicle and vaccine-treated

groups with evidence of haemorrhage and slight calcifi-

cation at the injection site in some animals along with

cases of granulomatous inflammation, abscess and dermal

oedema and haemorrhage. One male dosed with a 0.5 ml

showed an abscess in a single axillary lymph node

and this finding was considered to be due to infection

from the injection site spreading to the draining lymph

node. There was no evidence that the severity of the

injection site findings was greater when Pollinex® Quattro

Ragweed was compared with the L-tyrosine control.

Cases of granulomatous inflammation and dermal oedema

(1/10 and 7/10 animals, respectively) as well as sidero-

phages in 2/10 animals (indicative of an old haemor-

rhage) were seen after 2 weeks of recovery in rats

previously treated at 0.5 ml per animal.

Genotoxicity

When tested in a Salmonella typhimurium reverse muta-

tion assay at up to 3000 µg plate−1, modified ragweed

pollen extract showed no evidence of toxicity in terms of

thinning of background lawn growth or any evidence of

an increase in revertant numbers that could be considered

as indicative of any mutagenic activity.

Local Tolerance Study

Not unexpectedly, modified ragweed pollen tyrosine ad-

sorbate vaccine showed evidence of dose site reaction in

the rat and dog (see Table 2). In the rat, single injections

of 0.2 ml resulted in an acute, transient localised inflam-

matory reaction. Multiple injections of the same dose

volume resulted in a more marked reaction with necrosis

which resolved readily within 7–14 days when dosing is

discontinued; no evidence of progressive changes was

seen. Similarly in the dog, single or multiple subcutane-

ous injections of 0.5 ml resulted in a localised inflamma-

tory reaction with rapid tissue regeneration.

Discussion

Ragweed allergy is well documented in both Europe and

the United States and can affect over 10% of the overall

population (Arbes et al., 2005; Taramarcaz et al., 2005;

Wopfner et al., 2005). As a form of treatment for this

condition, allergy vaccination using allergoids is recog-

nised as safe and efficacious. This paper reviews pre-

clinical data available for a ragweed pollen allergoid

with special reference to a new formulation, Pollinex®

Quattro Ragweed.

The allergoids used in Pollinex® Quattro are pollen

extracts chemically modified with glutaraldehyde which

are potentially useful particularly in terms of reduced IgE

reactivity whilst maintaining the ability of specific IgG

induction (Moran and Wheeler, 1976; Moran et al., 1977;

Wheeler et al., 1976). Adsorption of these allergoids to L-

tyrosine to enhance both safety and efficacy has resulted

in a range of allergen extract formulations with useful

potential (Baldrick et al., 2002b; Newland et al., 1999;

Wheeler et al., 1982; Wheeler and Woroniecki; 2001;

2004). Clinical use of these vaccines (e.g. as Pollinex®)

has shown a safe and efficacious profile over many years

of human use (Bonifazi et al., 1991; Drachenberg et al.,

2002; 2003; Ko et al., 1987; Metzger et al., 1981;

Muehlethaler et al., 1990; Palmer and Balacescu, 1977;

Verstraeten and Wheeler, 1978). A further recent addition

to some of the Pollinex® vaccines has been the immuno-

stimulatory adjuvant MPL® (to encourage a skew in a

Th1-like direction) whose safety and efficacy has been

well documented elsewhere (e.g. Alving, 1993; Baldrick

et al., 2000b; Clay and Urban, 2005; Lodmell et al.,

2000; Moore et al., 1999; Puggioni et al., 2005; Thoelen

et al., 1998; Ulrich and Myers, 1995). A recent immuno-

logical study, employing a mouse model using a human

serum albumin/tyrosine/MPL® combination, showed a

favourable IgG1 and IgG2a antibody shift to a more Th1

biased response (Woroniecki et al., 2005). Other rodent

antibody induction studies using ragweed pollen MATA

materials adjuvanted with MPL® have shown further

evidence of a Th1 skewing effect (Wheeler et al.,

2001). A recent clinical study using Pollinex® Quattro

Ragweed has demonstrated the vaccine to be well toler-

ated and to significantly reduce allergy symptoms (www.

allergytherapeutics.com). Similar safety and efficacy find-

ings have been reported for a counterpart vaccine using

grass pollen (Drachenberg et al., 2001; Mothes et al.,

2003; von Baehr et al., 2005).

The preclinical studies reported here support safe clini-

cal use of Pollinex® Quattro Ragweed by indicating a lack

of toxicological findings. Single doses of a high ragweed

allergoid concentration by the subcutaneous route in the
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mouse and rat showed no effects at levels greatly above

a typical clinical dose volume of 0.5 ml for these types of

materials. Thus, on a weight-to-weight basis, a safety

margin of about 2400-fold (mouse = 25 g) or about 240-

fold (rat = 250 g) was achieved for a 60 kg person.

No signs of systemic toxicity were seen with a high

ragweed pollen allergoid concentration following intra-

muscular (rat) or subcutaneous (dog) dosing with modi-

fied ragweed pollen tyrosine adsorbate vaccine on 10

occasions over 20 days. A possible immunostimulatory

effect was seen in the rat as evidenced by slight increases

in neutrophils and spleen weight. Thus, on a weight-to-

weight basis, a safety margin of about 240-fold (rat =
250 g) or about 8-fold (dog = 7 kg) was achieved for a

60 kg person. Repeated clinical doses (a total of 4) of

Pollinex® Quattro Ragweed will be used and potential

adverse effects were examined by an exaggerated dosing

regimen of seven subcutaneous doses to the rat over

3 weeks using this vaccine with a ragweed allergoid con-

centration of up to 6000 SU ml−1. No signs of systemic

toxicity were found and although not accompanied by

any change in white cell count, the changes in albumin

and globulin levels along with increased spleen weight

may have been due to immunostimulatory activity con-

sidering that the modified pollen extract has activity

per se and MPL® is an immunologically active adjuvant.

Recent reviews of animal studies evaluating the potential

toxicity of L-tyrosine and MPL® have highlighted consist-

ent findings associated with stimulation of the immune

system (notably increased white blood cell values and

increased spleen weight) in the rat and dog (Baldrick

et al., 2002a; 2002b). Other recent studies with allergoid/

MPL®/L-tyrosine vaccines (house dust mite allergoids

from Dermatophagoides pteronyssinus and D. farinae,

50:50 mix) and Pollinex Quattro Grass vaccine (mixture

of 12 common grass plus rye cereal pollen allergoids),

respectively, administered as repeated subcutaneous doses

to the rat, raised neutrophil (and total white cell) count

and spleen weight and/or altered albumin and globulin

levels (Baldrick et al., 2002c; 2004). These findings were

again largely related to the immunostimulatory com-

ponents of the vaccine.

In the present study, the possibly real, limited signs

of immunostimulation were not seen at the lower dose

level of 0.05 ml per rat, nor following a 2-week non-dose

period at the higher 0.5 ml per rat dose indicating a

reversibility of the effects. On the basis of a 0.5 ml clini-

cal dose volume, the dose levels used for Pollinex®

Quattro Ragweed at 6000 SU ml−1 and the high dose

vaccine represent a safety margin of about 240-fold for a

60 kg person, based on a 250 g rat.

Although of very limited design, a reverse mutation

bacterial assay showed that modified ragweed pollen

extract gave no evidence of genotoxicity.

Local tolerance studies in the rat and dog with modi-

fied ragweed pollen tyrosine adsorbate vaccine showed

notable macroscopic and microscopic findings indicative

of irritation of the dose site. However, these findings

were not progressive and were reversible. In the repeat

dose rat toxicity study reported here, findings at the injec-

tion site of control (L-tyrosine formulation) and Pollinex®

Quattro Ragweed treated animals were also consistent

with those of local irritation. Subcutaneous administra-

tion of a glutaraldehyde-modified house-dust mite vac-

cine or Pollinex® Quattro Grass (containing L-tyrosine

plus MPL® adjuvant) in a local tolerance study in the

rabbit and a repeat dose toxicity study in the rat also

showed microscopic findings of irritation of the dose

site (Baldrick et al., 2002c; 2004). Interestingly, these

findings showed evidence of recovery, unlike the present

study which still showed microscopic changes after a

2 week recovery period.

A potential for local irritation effects with Pollinex®

Quattro Ragweed is not unexpected as dose site reactions

are often seen following clinical vaccination and can be

related to the presence of an adjuvant. Indeed, aluminium

salts (which have been used as adjuvants for many years

in human vaccines) are known to produce local reactions

in animals and clinically (Gupta et al., 1995; Nagore et al.,

2001; Singh and O’Hagan, 1999; Vogel and Powell,

1995; Wheeler and Woroniecki, 2004). It is also well

known that granulomas can occur after administration of

aluminium adsorbants. Recent animal studies examining

macrophagic myofasciitis associated with clinical use of

vaccines containing aluminium salts have shown dose site

infiltration of macrophages with intracytoplasmic crystal-

line inclusions in rats and monkeys (Gherardi et al.,

2001; Verdier et al., 2005). The findings reported in the

present investigation are likely to be related to the pres-

ence of L-tyrosine in the dose formulation and it has been

pointed out elsewhere that L-tyrosine injections in animals

results in local swelling and an inflammatory response

associated with deposited material (probably related

to the low solubility of L-tyrosine) (Baldrick et al.,

2002b). However such responses, as found with ragweed

allergoid-containing vaccines, resolved rapidly, even

after multiple injections and showed no evidence of a

progressive nature. Clinical use of MATA vaccines has

shown some evidence of local reactions (including swell-

ing and/or erythema and itch) (Miller, 1976; Miller et al.,

1976; Palmer and Balacescu, 1977; Verstraeten and

Wheeler, 1978; Drachenberg et al., 2001; 2003). Several

tolerability studies indicate that local injection reactions

are comparable to other commonly used vaccine depot

systems such as aluminium adsorbed extracts (Bonifazi

et al., 1991; Drachenberg et al., 2003; Muehlethaler

et al., 1990; Symington et al., 1977). Furthermore, no

granulomas occur after administration of L-tyrosine

adsorbates, which is attributable to the solubilisation and

metabolism of the natural amino acid. Clinical data from

the use of MATA vaccines containing MPL® (with

2% L-tyrosine and 50 µg ml−1 MPL®) also indicate low



P. BALDRICK ET AL.

Copyright © 2007 John Wiley & Sons, Ltd. J. Appl. Toxicol. (In press)

DOI: 10.1002/jat

injection site reaction (Drachenberg et al., 2002; Clay and

Urban, 2005).

In conclusion, a specific preclinical safety evaluation

strategy developed to support clinical use of Pollinex®

Quattro Ragweed and comprising use of older single and

repeat dose toxicity and local tolerance studies with

modified ragweed pollen tyrosine adsorbate vaccine and

a new repeat dose toxicity study in the rat with Pollinex®

Quattro Ragweed has shown that there were no toxi-

cological issues at levels greatly in excess to those

proposed for clinical use. A not unexpected injection

site reaction was seen throughout the studies which

can largely be attributed to the presence and volume of

L-tyrosine as a depot.
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