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Abstract Ractopamine is a β-adrenoreceptor agonist that excites sympathetic nerves. It has been used to increase
cattle weight, for breeding, and to enhance muscle content in some countries. The concentration allowed in the
environment is below 10 parts per billion (ppb). However, there are increasing concerns about the effect of longterm ractopamine on health. Our study aimed to investigate the potential effects of a “safe” dosage of ractopamine
on urinary tract by using genitourinary cell cultures and our well-established translational model, Drosophila
melanogaster. The results showed that ractopamine dose-dependently induces cytotoxicity in SV40 MES 13 and SVHUC-1 cells. After 21 days of 10 ppb ractopamine administration, the rate of crystal formation in the ractopamine
group significantly increased. We also found that long-term administration of ractopamine to flies decreases their
climbing ability and shortens their lifespan. Overall, the long-term effects of ractopamine on the urinary tract system
were evident in our cell and animal studies. In particular, renal mesangial and urothelial cells are more susceptible to
damage; urolithiasis and neurological damage are other possible side effects of ractopamine. These effects on the
human urinary tract should be further investigated.
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1. Introduction
Although the use of ractopamine in beef imported from
the USA is legal in Taiwan, there are still some issues
about its safety during long-term consumption. Recently,
events associated with ractopamine in beef, melamine,
plasticizer, food oil, and other foods have brought
attention to food additive safety in Taiwan [1,2,3]. Owing
to the these events, WHO published a recommended dose
of ractopamine of 1 mg/kg daily [4,5]. However, the longterm effects of ractopamine, such as in the genitourinary
system, have not been elucidated.
Ractopamine is a β-adrenoreceptor agonist, and thus
excites sympathetic nerves. It has been used to increase
cattle weight, for breeding, and to increase muscle content
in some countries. The dosage used in cattle is about 530mg/kg [6,7]. However, it is prohibited as an additive in
cattle feed in Taiwan. Therefore, exposure to ractopamine
mostly occurs owing to consumption of imported beef.
Ractopamine has some toxic effects, and its pharmacological
safe dose was defined as 67 μg/kg body weight (BW) by

the Food and Agriculture Organization of the United
Nations and the WHO. Daily intake allowance was 1
μg/kg BW. Nausea, muscle tremors, elevation of blood
pressure, palpitations, general weakness, and dizziness
may occur upon overdose [8].
Beef containing ractopamine is allowed on the market
by Taiwan’s government. However, ractopamine’s longterm effects on the urinary tract have not been established.
The current concentration allowed is below 10 parts per
billion (ppb) [9]. Our study aimed to investigate the
effects of a safe dosage of ractopamine on the urinary tract
via our well-established cell culture and Drosophila
platforms on urinary tract disorders.

2. Materials and Methods
2.1. Genitourinary Cell Culture
Various genitourinary cell lines including HK-2 (human
kidney 2, a proximal tubular cell line), MBT-2 (mouse
bladder carcinoma cells), MDCK (Madin-Darby canine
kidney cells), SV40 MES 13 (glomerulus mesangial cells),
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and SV-HUC-1 (human ureter uroepithelial cells) were
grown in culture flasks in medium supplemented with
fetal bovine serum, penicillin (100 U/mL), streptomycin
(100 pg/mL), and Fungizone (1.25 mg/mL). The growth
medium was changed every other day until confluence.

2.2. Cell Viability
Mitochondrial dehydrogenase activity was measured as
an index of cell viability using the 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. In
brief, MTT (0.5 mg/mL) was applied to cells for 4 h to
allow the conversion of MTT into formazan crystals, then,
after washing with phosphate-buffered saline, the cells
were lysed with dimethyl sulfoxide, and the absorbance
read at 530 and 690 nm with a DIAS Microplate Reader
(Dynex Technologies, Virginia, USA). The reduction in
optical density caused by cytokine and drug treatment was
used as a measurement of cell viability, normalized to
cells incubated in control medium, which were considered
100% viable [10].

2.3. Fly Stocks and Rearing Conditions
We used wild type adult male flies, Drosophila
melanogaster CS, in these experiments. We used 150 to
180 wild type adult male flies, Drosophila melanogaster
CS, flies in each group, bred in plastic vials containing
standard fly medium at 25°C and 60% humidity with a 12
h light-dark cycle. The formula of standard fly medium
consisted of 6.7 g agar, 21.7 g yeast, 13.1 g sugar, and
66.6 g corn syrup, with the addition of water to a final
volume of 1 L.
The solution was heated in the microwave, and after
cooling to 85°C, 13.3 mL 99% alcohol and 3.4 g βhydroxybenzoic acid methyl ester was added. Then, 10
mL of medium was decanted into a 50-mL test tube, and
left to return to room temperature before its storage at 4°C.
It should be noted that freshly prepared solution was ready
for use only within a 2-week interval [11].

2.4. CaOx Formation in Malpighian Tubules
of Drosophila
The details for the breeding of lithogenic flies are in
accordance with our previous study. In brief, a solution of
0.5% ethylene glycol (EG, Sigma, St Louis, USA) was
used as a positive lithogenic agent for CaOx crystal
formation in Malpighian tubules. Ten ppb ractopamine
(Sigma, St Louis, USA) was added to the fly medium
(wt/vol%) and used as a test agent (n = 150 – 180 for each
group).
After 21 days, the flies were subjected to climbing
assay followed by CO2 narcotization, and the Malpighian
tubules were dissected, removed, and processed for
polarized light microscopy examination 3 weeks after
breeding [11,12,13,14].

2.5. Polarized Light Microscopy
The Malpighian tubules were dissected and immediately
observed under normal and polarized white light with an
Olympus BX51 (Hicksville NY, USA) optical microscope
after the CaOx crystal induction period. Pertinent aspects
of the tubules were photographed, and scales were

obtained with the projection of a micrometric slide under
the same conditions used in the illustrations [11,12,13,14].

2.6. Climbing Assay
The climbing assay was modified from previous studies
[15,16]. From each test vial, 10 flies were placed into an
empty vial with a mark placed 2 cm from the bottom. The
flies were gently knocked to the bottom of the vial by
tapping on the counter and the number of flies that
climbed above a 2 cm line was counted after 20 s. This
was repeated 5 times per vial with 2 vials per condition.
Climbing ability was expressed as a percent of the number
of flies above the 2 cm line as compared to the total
number of flies.

2.7. Lifespan Assay
Prior to conducting the lithogenic assays, we studied
the effects of ractopamine on the flies’ survival. To set up
these lifespan assays, new emergents were collected under
light CO2 anesthesia. Foam plugs were used in place of
cotton ones, and food vials were kept horizontally to
prevent weaker flies from accidentally adhering to food or
foam.
Survivors in each vial were counted, and dead flies
were removed daily. Survivorship was compared and
tested for significance with log-rank tests, and lifespan
curves were from pooled counts of a large number of vials
(n ≅ 150) [11,12,13,14].

2.8. Statistical Analyses
The data are presented as mean ± standard deviation
(S.D.). Statistical differences among groups were determined
by analysis of variance. For comparison between two
lifespan curves, we determined the P value in the log-rank
test. All statistics were performed using the Sigma Stat
software (SPSS; Systat Software, USA).

3. Results
3.1. Cytotoxicity of Ractopamine
Toxicity of ractopamine in various genitourinary cell
lines including HK-2, MBT-2, MDCK, SV40 MES 13,
and SV-HUC-1 was assessed by MTT assay. Treatment of
HK-2, MBT-2, or MDCK cells with ractopamine (0.9-60
µg/mL for 24 h) did not result in cytotoxicity (Figure 1A).
However, ractopamine dose-dependently induced
cytotoxicity in SV40 MES 13 and SV-HUC-1 cells (P <
0.05) (Figure 1B).

3.2. CaOx Crystal Formation
Compared with the control group, EG-induced crystal
formation in Drosophila Malpighian tubules was clearly
observed using microscopy (Figure 2A) and was
previously identified as CaOx [12].
After 21 days, the rates of CaOx crystal formation in
the control, 0.5% EG, and 10 ppb ractopamine groups
were 14.6%, 82.1% (P < 0.001), and 35.7% (P < 0.05),
respectively (Figure 2B).
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3.3. Climbing Behaviour
Climbing behaviour of ractopamine-treated flies was
measured on day 21. Ractopamine induced a decrease in
climbing ability (geotaxis). Climbing ability was impaired
at the non-lethal 10 ppb ractopamine concentration on day
21 (P < 0.05) (Figure 3).

Figure 3. Ractopamine inhibited geotaxis climbing behavior. Climbing
behavior were measured in ractopamine-treated flies on day 21.
Ractopamine induced a decrease in fly geotaxis climbing ability.
Climbing ability was impaired at non-lethal ractopamine concentration
on day 21. *P < 0.05, compared to the control group

3.4. Drosophila Lifespan
Figure 1. Effect of ractopamine on cell viability in (A) HK-2, MBT-2,
MDCK, (B) SV40 MES 13, and SV-HUC-1 cells. Cells were incubated
with medium alone (control) or various concentrations of ractopamine
for 24 h, and the cell viability was measured using the MTT assay. Data
are means ± S.D. from 3 independent experiments. *P < 0.05 vs. control
condition

To test whether the effect of 10 ppb ractopamine was
associated with a decreased mortality rate, the lifespans of
Drosophila were measured after supplementing their food
with 10 ppb ractopamine. The mean life span significantly
reduced after administration of ractopamine-supplemented
food compared with the control group (P < 0.05) (Figure 4).

Figure 4. Lifespan of control and ractopamine-treated flies. Cumulative
survival distributions by administration of 10 ppb ractopamine. Flies
treated with ractopamine showed significant life-span reduction
compared with control group (n ≅ 150 for each group, P < 0.05 from logrank test)

4. Discussion

Figure 2. EG- and ractopamine-induced crystal deposition in the
Malpighian tubules of Drosophila. (A) The images show representative
polarized microscopy for the flies with 0.5% EG- and 10 ppb
ractopamine-induced crystal formation in Malpighian tubules. (B) Rates
of crystal formation in control, 0.5% EG-, and 10 ppb ractopaminetreated Drosophila (n ≅ 150 for each group). **P < 0.001, *P < 0.05,
compared to the control group

In the present study, for the first time, we show a
potential negative genitourinary and lithogenic effect of
ractopamine in cell culture and in an animal model of
Drosophila melanogaster.
Ractopamine had variable effects on the viability of
various urogenital cells [17,18]. The survival rate of
tubule and parenchymal cells are similar to that of control.
However, human urinary bladder SV-HUC-1 cells and
murine mesangial SV40 MES 13 cells were found to have
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decreased survival rates. Urothelial cells and renal
mesangial cells were particularly susceptible to damage.
In addition, we also studied the effect of ractopamine on
cancer cells (mouse bladder tumour cell MBT-2) and did
not find any antitumor or proliferative effects. However,
the urothelium should be further observed in humans after
long-term consumption of ractopamine-containing beef
[19,20].
We also found that long-term administration of
ractopamine in flies shortens their lifespans, as evident in
the in vivo study. The average lifespan of flies ingesting
10 ppb ractopamine daily was shorter than that of the
control flies. Ractopamine also increased CaOx crystal
formation in the flies when compared with the control
group. This indicates that long-term ingestion of
ractopamine might also increase urinary stone formation
in humans. The climbing ability of the flies was also
influenced by ractopamine, possibly owing to a neurologic
effect that could be associated with urological smooth
muscle contraction with further effects on ureteral
peristalsis and voiding [21,22,23]. Although Taiwan’s
government has approved ractopamine-containing
imported beef, the issue of food safety is still problematic.
Further observation of its effect on the human urological
system is warranted.
Twenty-six countries have approved ractopamine for
pigs. The United States approved ractopamine use in cattle
in 2003. However, the European Union has prohibited the
use of β-adrenoreceptor agonists in food-producing
animals since 1996. The maximal residual limit was set at
10 μg/kg (ppb) in pork or beef by the WHO Food
Additives Series. Taiwan’s government set limits for these
additives in food according to this report. While
consumption of less than 6 kg of beef might seem safe in
60 kg BW adults, in actuality, this could lead to acute
toxicity. The half-life of ractopamine is 3.94 h, and it is
not detectable in the serum after 24 h. After 6 h, 72% of
the consumed ractopamine is excreted in the urine [24,25].
Therefore, the long-term effects of ractopamine on the
urinary tract should be investigated.
The climbing activity of Drosophila decreased in the
group that was administered ractopamine. We also found
that fly lifespan decreased. Since ractopamine is a βadrenoreceptor agonist, we hypothesize that these two
findings could be attributable to its neurological toxicity.
More recently, Zhuang et al. provided evidence to
indicate the utility of the Caenorhabditis elegans assay
system in assessing the in vivo toxicity of ractopamine.
With the aid of brood size, head thrash, body bend,
intestinal auto-fluorescence, intestinal reactive oxygen
species production, and lifespan as the endpoints, they
investigated the toxicity from exposure to ractopamine at
0.1 mg/L (acute exposure) and 0.01 µg/L (prolonged
exposure). Thus, C. elegans may be a relatively sensitive
assay system to assess the toxicity of food additives. The
prolonged exposure assay system especially may be more
suitable for detecting the potential toxicity of long-term
weight loss agents. The authors hypothesized that
ractopamine might induce toxicity in nematodes through
different molecular mechanisms. The data will be helpful
for further understanding the potential damage on human
health from the illegal use of weight loss agents and may
lead to the future design of effective strategies against
these adverse effects [26].

Our study found that ractopamine has a potential longterm adverse effect on the urological system. However,
there are some limitations to this study. We used
invertebrate animals and cells that may not completely
represent the effects in humans. In addition, effects were
observed after administration of a daily fixed dosage, and
thus, this effect should be correlated to daily consumption
of ractopamine-containing beef.

5. Conclusions
Long-term effects of ractopamine in the urinary tract
system were evident from our cell and animal studies.
Renal mesangial and urothelial cells are potentially
damaged by ractopamine. Urolithiasis and neurological
damage are other side effects of ractopamine in animals.
Therefore, long-term effects of ractopamine on the human
urinary tract should be further investigated.
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