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Dietary aspartyl-phenylalanine-1-methyl ester
delays osteoarthritis and prevents associated
bone loss in STR/ORT mice
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Abstract

Objective. STR/ORT mice provide a well-known model for murine idiopathic OA, with histological joint lesions

resembling those of human OA. This model was used to investigate protective effects of the dipeptide

aspartyl-phenylalanine-1-methyl ester (Asp-Phe-OMe or aspartame) via the oral route vs a regular diet.

Methods. STR/ORT mice were housed individually and fed diets with or without Asp-Phe-OMe (4 mg/kg),

after weaning at the age of 3 weeks, until 15 months of age (average of 20 animals per group). The study

groups were kept blinded to the investigators, who measured food consumption and body weight and per-

formed gait mobility tests. Radiographic scans were also performed at regular time intervals to evaluate

differential radiographic anomalies associated with progress of OA in response to oral Asp-Phe-OMe therapy.

Results. The Asp-Phe-OMe-fed animals presented a pattern of significantly delayed disease onset. In

addition, their muscle and bone mass were highly preserved, even at later time points after OA was

established. Moreover, control animals presented a higher variability in gait motility in comparison with

the Asp-Phe-OMe-fed animals, suggesting a protective effect from movement limitations associated with

advanced OA.

Conclusion. Asp-Phe-OMe, given orally, delays OA in the spontaneous STR/ORT model, improves bone

cortical density and muscle mass, and may contribute to a better quality of life for these diseased animals.
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Introduction

Over 21 million Americans are estimated to have OA. OA

is a chronic, painful, disabling and degenerative disease

characterized by ulceration of the cartilage, subchondral

bone sclerosis and the presence of osteophytes in the

joint. The only available treatment is pain management,

which helps to maintain mobility and quality of life.

Initiation factors in primary OA are unknown, although

genetic susceptibility, mechanical and traumatic injury,

endocrine and metabolic factors are thought to play a

role [1]. STR/ORT mice are prone to develop spontaneous

OA with similar pathophysiology as observed in humans

and larger animals [2]. OA can be non-invasively assessed

using an established method of radiological scoring [3, 4];

and radiological findings in STR/ORT are comparable with

those in human disease, providing a useful tool for explor-

ing therapeutic approaches in OA.

Asp-Phe-OMe, or aspartame, is a U.S. Food and Drug

Administration (FDA)-approved food additive for human

consumption with a generally recognized as safe (GRAS)

designation. To date, aspartame has been demonstrated

to be harmless for human consumption [5, 6], and health

benefits associated with lower intake of calories reduce a

number of illnesses, such as diabetes and cardiovascular

diseases [7]. Although aspartame has not been used as

medication in any other disease models, there are studies

from us and others showing the analgesic effects of
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aspartame in human OA [8] and in the rodent models of

pain [9], also associated with arthritis [10]. The hypothesis

of this study was that orally administered aspartame

would improve clinical indicators of OA progression

such as pain, associated inflammation and bone loss.

Therefore, we set out to test the effects of orally adminis-

tered aspartame vs untreated controls in the spontaneous

model of OA in STR/ORT mice.

Our results demonstrate that oral Asp-Phe-OMe signifi-

cantly delays disease onset in the spontaneous STR/ORT

model of OA and improves gait as well as bone and

muscle mass at early and late stages of the disease.

Asp-Phe-OMe may also enhance clinically relevant as-

pects for the diseased animals, because gait motility is

preserved. These studies reveal a previously unrecog-

nized protective effect of dipeptide aspartame in degen-

erative osteopathic diseases, and may contribute to an

improved quality of life in individuals affected with OA.

Materials and methods

Animals and diets

STR/ORT mice were acquired from National Institutes

of Health and bred in the Oklahoma Medical Research

Foundation (OMRF) vivarium. All experiments were

performed under a protocol approved by the institution’s

guidelines for animals’ usage and care. Mice were weaned

at the age of 3 weeks, placed in individual cages and ran-

domly classified into Groups A and B. After data collection

and analysis, it was revealed that Group B (23 animals,

52% females) received regular mouse chow and Group A

(26 animals, 53% females) received the test aspartame-

containing diet. The test diet was manufactured at Purina

Mills and consisted of chow enriched with aspartame at the

concentration of 4 mg/kg. Weight and food consumption

were measured weekly for all animals.

In vivo and radiological studies

Every 3�5 months, all animals were anesthetized by i.p.

injections and submitted to whole-body radiographic

scan. Radiographs were copied and transferred to high

definition digital archives using animals identification num-

bers, but without group assignments. Images (jpg arch-

ives) were enlarged and compared at similar gamma and

transmission densities. All saturations related to colour,

film base, light and other sources were digitally eliminated

(reduced to zero). Direct measurements of disease

abnormalities (radiographic density) were recorded from

the digital value of the observed jpg images. Maximal

values (digital values 0�255 grey scale) were obtained

from the pointer placement on the radiographed abnor-

mality or structure of interest and density demonstrated

on the linear gamma curve. Evaluations of all JPEG

images were completed by the same experienced techni-

cian in a blinded fashion. In addition to direct measure-

ments of transmission, densities from the radiographs in

points distant from the femoral head and acetabulum,

which were used for the evaluations of bone mass densi-

ties, observations for signs of joint damages in each back

limb knee were also performed (Fig. 1C). Observations for

signs of damaged joints were given a score of 0 if absent,

or increasing scores from 1 to 3 according to the various

degree of prevalence of radiological abnormalities: includ-

ing swelling, joint space, irregular articular surface, osteo-

phytes, bone chips, bone deformation, bone resorption

and subluxation. The minimal score could be 0 for healthy

joints, or varied from 1 to a maximum observed score of

22 in severely affected OA animals. Gait measurements

were obtained by standard techniques measuring the ink

footprints on the paper as described [11]. Briefly, paws of

the test mouse were painted with different colours before

placing it in a run/walk, open-ended corridor lined with

paper (3 feet in length, 5 inches in width and 5 inches in

height). Variability in stride length (distance between ad-

jacent footprints of the same paw) for at least seven le-

gible strides were observed per animal and plotted as

average +S.D. per group.

Statistical analysis

Original data tables were transferred from Excel into

GraphPad Prism, which was used for data handling, plot-

ting and statistical analysis. Control and aspartame inter-

group differences for disease scores, cortical bone and

femoral muscle mass densities, gait and weight were ana-

lysed by analysis of variance (ANOVA), linear and non-

linear regressions using GraphPad Prism. Individual

comparisons in the analysis satisfied the criteria for

t-test. P-values are indicated in the figure legends.

Results

Control and Asp-Phe-OMe-fed STR/ORT animals
displayed comparable lifespans and similar variations
in food consumption and weight gain

Weight and food consumption were measured weekly in

all animals (housed individually) for the duration of the ex-

periments (15 months). No differences were observed for

weight variation or food consumption between the Asp-

Phe-OMe-fed and the control groups (data not shown).

Spontaneous arthritis is delayed in Asp-Phe-OMe-fed
STR/ORT animals in comparison with controls
receiving regular diet

Progression of OA can be assessed non-invasively using

an established method of radiological scoring [3, 4]. We

have used radiological scoring to periodically evaluate the

animals fed with the Asp-Phe-OMe diet and regular diet.

Radiographic images (exemplified in Fig. 1C) were blindly

scored by an expert for radiological signs of joint damage

in the major joints of the two hind limbs by the presence

of osteophytes, bone deformation or resorption, sublux-

ation and swelling (as described in the ‘Materials and

methods’ section). Interestingly, the Asp-Phe-OMe diet

significantly delayed disease in the first 10 months of life

(Fig. 1A). To demonstrate the differences between early

scores per treatment groups more clearly, the first disease

score of each animal was deducted from the latest score

for the same animal, and the group differences were
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averaged. The larger differences were clearly observed

among Asp-Phe-OMe-treated animals because of the

lower scores early on and the delayed disease onset for

these animals (Fig. 1B).

Dietary Asp-Phe-OMe maintains normal gait and
enhances cortical bone density and muscle mass in
the STR/ORT spontaneous murine model of OA

Animals from both groups were tested for mobility by

standardized motility gait tests [11] at the age of

8 months to observe if similar joint disease (Fig. 1A) was

translated into abnormal gait. Interestingly, control ani-

mals demonstrated a more abnormal variable gait in com-

parison with Asp-Phe-OMe-fed animals (Fig. 2A), which

may indicate a more limited movement in the control

group probably due to pain. Bone and muscle mass loss

are side effects observed in association with OA and

could be derived by disuse or limited movement, due to

pain and/or cysts or osteophytes in the joint space.

Digitized radiographs from all rear limbs were evaluated

and scored for bone and muscle mass by an experienced

technician in a blinded fashion at different time points. The

results demonstrate that femoral cortical bone density

was significantly higher from an early age in STR/ORT

animals fed Asp-Phe-OMe in comparison with animals

fed regular chow (Fig. 2B). The higher bone cortical dens-

ity was clearly visualized by digitized density measure-

ments, which appeared whiter in the radiographs due to

the increased mineral content. Furthermore, mass density

of the quadriceps muscle in the hind legs were also found

to be preserved in aspartame-fed animals vs controls by

digitized radiological evaluations (Fig. 2C). Interestingly,

this higher bone and muscle density for aspartame-

treated animals was maintained beyond 8 months, des-

pite the significant joint damage observed in both groups

(Fig. 1A). These results indicated a protective role of Asp-

Phe-OMe in OA-associated bone loss and in the mainten-

ance of muscle mass.

Discussion

Asp-Phe-OMe or aspartame has been used by millions of

people for many decades, at tens of milligram levels daily

FIG. 1 Dietary aspartame delays spontaneous OA in STR/ORT mice. (A) Total disease scores for both rear limbs

per animal for Asp-Phe-OMe-fed animals (squares) and controls (crosses). Non-linear regression curves for each group

(solid line for Asp-Phe-OMe and dashed line for controls) denote a delay in disease for the Asp-Phe-OMe-fed group

before the age of 8 months (P-value of 0.0047). (B) Averaged group values of early disease scores deducted from latest

disease scores for each animal demonstrate a larger difference for the aspartame-fed group because of delayed disease

incidence presenting lower scores within the first 5 months of life (P-value of 0.001). (C) Example of radiographic image

of healthy (side enhancement) and OA joint (encircled in white) from one animal.

1246 www.rheumatology.oxfordjournals.org

Carl V. Manion et al.



in diet drinks and food. Aspartylphenylalanine, a dipeptide

containing L-aspartic acid and L-phenylalanine, is a regular

constituent of proteins. Aspartame (the methyl ester of

aspartylphenylalanine) undergoes absorption, distribution,

metabolism and excretion after in vivo oral administration

similar to any other dipeptide or free amino acids. Studies

using radiolabelled aspartame or phenylalanine given as a

single dose of 20 mg/kg by gavage to rats revealed a simi-

lar pattern of tissue distribution and clearance [12]: high

levels of radioactivity were observed within 2 h after ad-

ministration, but values decreased significantly after 24 h.

In addition to expected elevated radioactive levels in the

stomach and gastrointestinal mucosal tract and its

glands, the spinal column and bone marrow also con-

tained significant radioactivity [12].

OA is a progressive, deforming degenerative disease

with intercalated episodes of inflammation, occurring

spontaneously in rodents, larger mammals and humans.

Our interest in testing for protective effects of Asp-Phe-

OMe in the murine model of OA derived from previous

observation of its beneficial analgesic effects in human

OA [8] and the dosage of Asp-Phe OMe chosen for this

study was based on these previous studies. Aspartyl-

phenylalanine-1-methyl ester was also determined to be

an inhibitor of cyclo-oxygenase enzymes, COX-1 (IC50 =

0.1 mM) and COX-2 (IC50 = 0.3 mM) (T. Hugli, unpublished

data), thus demonstrating a potent anti-inflammatory func-

tion for aspartame, which exhibits many of the analgesic

functions of aspirin and other NSAIDS [9]. Since its break-

down product (Asp-Phe) contains two carboxylic acid

groups, it should bind divalent cations such as calcium

ions, which would increase calcium solubility/bioavailabil-

ity. Preliminary mass spectral analyses of Asp-Phe (using

the + TOF-MS Time-of-flight Mass Spectrometry method)

gave a peak at 281m. When a 5-fold molar excess of cal-

cium was added, a new peak was detected at 319 m (281 m
for Asp-Phe + 40 m for calcium� 2 hydrogen atoms), indi-

cating that the free dipeptide, indeed, binds calcium

(T. Hugli, unpublished data). Based on these unpublished

observations, a spontaneous OA model using the STR/

ORT mice was selected to investigate whether

Asp-Phe-OMe could provide any protection against OA.

Asp-Phe-OMe mixed in the animal food diet was well

tolerated and no difference in food consumption or weight

FIG. 2 Gait, femoral cortical bone and muscle mass are preserved in aspartame-fed animals. (A) Gait variations for

aspartame-fed animals and controls. Aspartame-fed and control digitized density values obtained from periodical

radiographs of individual animals. (B) Differences in average curves of femoral cortical bone density for the aspartame

group (solid line, squares for individual values) and controls (dashed lines, crosses for individual values) are statistically

significant (P-value of 0.001). (C) Differences in average curves of femoral muscle mass for aspartame group (solid line)

and controls (dashed lines) are statistically significant (P-value of 0.006).
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gain was observed between controls receiving a regular

diet or diet enriched with aspartame (data not shown).

Asp-Phe-OMe diet did not protect animals from develop-

ing OA, but the disease process was significantly delayed

in the animals fed Asp-Phe-OMe compared with

controls (Fig. 1). We believe that the anti-inflammatory

effect of Asp-Phe-OMe contributed to a larger muscle

mass (Fig. 2C) due to less pain and better mobility in dis-

eased animals, as tested by gait analysis (Fig. 2A). Painful

movements, especially in lower limbs, are associated with

diminished muscle mass, which in turn may result in nega-

tive (catabolic) bone turnover [13, 14]. Moreover, an un-

expected effect of Asp-Phe-OMe was an increase in bone

density, suggesting potential therapeutic effects of aspar-

tame in other disease scenarios where decreasing bone

mass occurs.

Radiographic evaluations of bone densities are intricate

measurements requiring substantial attention to detail.

Cortical density measurements appear impacted by radio-

graphic techniques, animal positioning on X-ray plates

and consistency in the development of X-ray films. For

that reason, radiographs were digitally normalized to the

same reference scale for both Asp-Phe-OMe-treated and

regular diet animals. Hence, all cortical density radio-

graphic differences observed in controls and aspartame-

treated animals were confirmed and remained statistically

significant when the ANOVA was performed.

Modelling and remodelling occurring in the subchondral

bones are continuously adapting to the pressures and

geometry of the joints. In OA patients, the periarticular

bone material density is significantly less mineralized

due to increased rate of bone turnover, which is accom-

panied by increasing stiffness of the joint [13, 15].

Therefore, treatments such as the Asp-Phe-OMe, which

may help to control the pain (without evidence of the

collateral gastric effects of other NSAIDs), could delay

the natural evolution of the disease as well as enhance

mobility and maintain bone density. Consequently, Asp-

Phe-OMe at proper dose levels may provide a better qual-

ity of life as a support treatment for patients with

advanced OA.

Rheumatology key messages

. Dietary aspartame significantly delays spontaneous
OA in STR/ORT mice.

. Aspartame-fed STR/ORT mice present a higher
femoral cortical bone density from an early age.

. Aspartame-fed OA STR/ORT mice displayed better
gait and larger muscle mass than controls.
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