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ABSTRACT. The mouse bioassay for diarrhetic shellfish poisoning toxins has been used 
worldwide. In this study, dinophysistoxin-1 (DTX-1) and okadaic acid (OA) were compared for 
toxicity. The lethality rate increased and the median survival time decreased in a dose-dependent 
manner in both DTX-1 and OA. The median lethal dose value was 150.4 µg/kg (95% confidence 
interval=130.1–171.2 µg/kg) for DTX-1 and 185.6 µg/kg (95% confidence interval=161.2–209.6 µg/
kg) for OA. The toxicity equivalent factor 1:1 has been used for OA and DTX-1 in the EU and Japan. 
Thus, it may be considered that toxicity potential of DTX-1 has remained underestimated as 
compared to that of OA and DTX-1 might be more toxic than OA.
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Diarrhetic shellfish poisoning (DSP) is a gastrointestinal illness characterized by typical symptoms such as diarrhea, nausea, 
and vomiting. It is caused by the consumption of shellfish contaminated with algal toxins such as okadaic acid (OA) and 
dinophysistoxins (DTXs), which are produced by marine dinoflagellates [18, 21]. DSP was first reported at Tohoku, Japan, by 
Yasumoto et al. Since then, it has been recognized as a public health and shellfish industry problem worldwide [23]. The mouse 
bioassay (MBA), also known as Yasumoto’s method, had been used as the official method for DSP toxin detection in Japan 
since 1981 [19, 20]. Since then, it has been widely used in many countries of the world [5]. However, the European Commission 
authorized the use of the MBA until December 31, 2014 [16], and the Japanese Government also decided to replace the MBA with 
LC-MS/MS for OA group toxins [6].

In the former Japanese official method [19, 20], the extract from the shellfish sample is injected intraperitoneally (i.p.) into 
3 male ddY or ICR strain mice weighing 16–20 g. The sample is deemed positive (contaminated) if at least 2 of the 3 mice die 
within 24 hr of the injection. Humane endpoints were not applied in the method, as with the mouse bioassay for other marine 
biotoxins [13, 14].

In this study, we aimed to examine the time course of death of the mice inoculated with different doses of DTX-1 and OA, 
which were two major components of DSP toxins, for further study to consider about the humane endpoints, and to compare the 
toxicity of DTX-1 and OA on the MBA platform.

Specific-pathogen-free male mice (4 weeks old) of ICR strain were purchased from Japan SLC Inc. (Shizuoka, Japan). The mice 
were adapted to our animal facility for a few days and used at 18–20 g body weight. The room lighting was 12 hr light (09:00–
21:00) −12 hr dark (21:00–09:00) cycle. The mice were housed in plastic cages with wood chip bedding and provided commercial 
pellets (CRF-1; Charles River Japan Inc., Yokohama, Japan) and tap water ad libitum. All animal experiments were conducted with 
the approval of the Institutional Animal Care and Use Committee.

DTX-1 (purity 87.2%) was purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), and OA (purity >98%) was 
purchased from LC Laboratories (Woburn, MA, U.S.A.). DTX-1 and OA inocula were prepared as described previously [9–12]. 
Briefly, each toxin was first dissolved in acetone and then mixed with soybean oil. Soybean oil was used as a vehicle, instead of 
shellfish extracts or organic solvents such as dimethyl sulfoxide, for avoiding the effects of uncontrollable ingredients or toxicity. 
Acetone was removed by evaporation and the residue was suspended in 1% Tween 60 saline and sonicated. The final inocula 
contained 10% soybean oil. An inoculum was mixed well before each injection. The amounts of both toxins were calculated and 
expressed by multiplying the crude weights by purity.

The mice were randomly divided into groups of 10 mice each. For each toxin, 5 dose groups were created based on the lethal 
doses of the toxins previously reported [4, 22], i.e., 2.62, 3.05, 3.45, 3.92 and 4.36 µg/mouse for DTX-1, and 3.43, 3.92, 4.41, 4.90 
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and 5.39 µg/mouse for OA. One ml of the inoculum was injected i.p. into each mouse. The mice were observed every 10 min until 
12 hr after injection, and then every 30 min until 24 hr after injection. During the dark period, red light was used for observation. 
No negative (vehicle) control (injected only 1% Tween 60 saline contained 10% soybean oil) was examined in this experiment as 
no death was observed in the negative control group in our previous experiments. The experiment design basically followed the 
former official MBA method for DSP toxins in Japan and the EU.

Lethality was statistically compared among the groups of each toxin by using Fisher’s exact test. Survival analysis was 
conducted using log-rank test and Gehan-Wilcoxon test. The median lethal dose (LD50) for each toxin was determined by probit 
analysis. All of the above analyses were performed using the statistical package R version 2.14.0 [7].

The lethality was 20, 70 and 90% in mice inoculated with 2.62 µg; 3.05 µg; and 3.45, 3.92 and 4.36 µg of DTX-1, respectively, 
at 24 hr after injection (Table 1). On the other hand, at the same time point, lethality was 40, 70, 90 and 100% in mice inoculated 
with 3.43, 3.92, 4.41 and 4.90 µg, and 5.39 µg of OA, respectively (Table 2). Fisher’s exact test showed significant differences 
among all the groups (P=0.0014 for DTX-1 groups and P=0.012 for OA groups).

The survival curves of the mice after DTX-1 and OA inoculation are shown in Figs.1 and 2, respectively. For survival analysis, 
both log-rank test and Gehan-Wilcoxon test were used. It is generally believed that the log-rank test is more standard, and the 
Gehan–Wilcoxon test gives more weight to deaths at earlier time points. Significant differences were seen between the lower and 
higher dose groups in for both DTX-1 and OA (Tables 1 and 2).

The LD50 values for DTX-1 and OA were 2.89 µg/18–20 g mouse (95% confidence interval=2.50–3.29 µg/18–20 g mouse) and 
3.57 µg/18–20 g mouse (95% confidence interval=3.10–4.03 µg/18–20 g mouse), respectively. The average body weight of the 
mice in the DTX-1 and OA groups were 19.22 ± 0.36 g and 19.23 ± 0.58 g, respectively. The corresponding LD50 values based 
on body weight were 150.4 µg/kg (95% confidence interval=130.1–171.2 µg/kg) for DTX-1 and 185.6 µg/kg (95% confidence 
interval=161.2–209.6 µg/kg) for OA.

The lethality rate increased and the median survival time decreased in a dose-dependent manner in both DTX-1 and OA 
experiments. However, survival times varied in individual mice, and it is considered difficult to estimate dose of toxins inoculated 
from survival time. The mice inoculated with the toxins showed immobility, lethargy, and dyspnea, however, it is concluded that 
the exact death time of the dying mice cannot be predicted, either within 24 hr or over 24 hr after inoculation and the humane 
endpoints cannot be applied from the symptoms.

There are several reports on the LD50 values of OA after intraperitoneal injection in mice. The LD50 values for intraperitoneally 
injected OA have been reported as 192 µg/kg [15], 210 µg/kg [2], and 225 µg/kg [17]. Aune et al. [1] compared the toxicity 
between OA and DTX-2 and reported that the LD50 values for OA and DTX-2 were 204 µg/kg and 352 µg/kg, respectively. In 
contrast, there are no reports concerning the LD50 values for DTX-1. However, minimum lethal dose value for DTX-1 has been 
reported to be 160 µg/kg [22]. Based on the previous reports, the EU-Harmonised Standard Operating Procedure for Determination 
of Lipophilic Marine Biotoxins in Molluscs by LC-MS/MS [3] described the toxicity equivalent factors (TEFs) for OA:DTX-
1:DTX-2 as 1:1:0.6. The same TEFs are also applied in the present Japanese official method [6].

In the previous reports referred in the EU-Harmonised Standard Operating Procedure for Determination of Lipophilic Marine 
Biotoxins in Molluscs by LC-MS/MS, the mice of different strains, different sexes, and different body weight ranges were used 
for determining the LD50 values. However, we previously reported that the strains, sexes, and body weights of the mice affected 
the susceptibility to OA [9–12]. And, as to DTX-1, there was only 1 report describing the minimum lethal dose value, not the LD50 
values. It is thought that the comparison of toxicity between OA and DTX-1 should be more precisely determined by using the 
same protocol.

Table 1. Lethality and survival analysis of the mice after DTX-1 inoculation

Dose (µg) Lethality (%) Survived Dead Median survival time (hr) Log-Rank testa) Gehan-Wilcoxon testa)

2.62 20 8 2 Inf a a
3.05 70 3 7 19.25 b b
3.45 90 1 9 14.25 b,c b
3.92 90 1 9 11.50 c b
4.36 90 1 9 6.08 c b

Inf: infinite. a) the different alphabets in the column mean significantly differences in the survival curves.

Table 2. Lethality and survival analysis of the mice after OA inoculation

Dose (µg) Lethality (%) Survived Dead Median survival time (hr) Log-Rank testa) Gehan-Wilcoxon testa)

3.43 40 6 4 Inf a a
3.92 70 3 7 11.33 b b
4.41 90 1 9 7.58 b,c b,c
4.90 90 1 9 5.42 c c
5.39 100 0 10 5.75 c c

Inf: infinite. a) the different alphabets in the column mean significantly differences in the survival curves.
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In this study, the calculated LD50 values for DTX-1 and OA were 150.4 µg/kg (95% confidence interval=130.1–171.2 µg/kg) and 
185.6 µg/kg (95% confidence interval=161.2–209.6 µg/kg), respectively. From the data, it may be interpreted that DTX-1 is more 
toxic than OA after i.p. inoculation in mice.

This study reports for the first time the comparison of toxicity between OA and DTX-1 using the same MBA platform. Earlier 
the TEF for DTX-1 and OA was considered as 1:1 in the EU and Japan [3, 6]. However, the results obtained in this study indicate 
that toxicity potential of DTX-1 is higher than that of OA. These findings may have more impact in Japan as DTX-1 is more 
prevalent in the marine areas of Japan, Canada, and Norway as compared to the prevalence of OA, which is more prevalent in 
Europe [8].
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Fig. 1. Survival curves of mice after DTX-1 inoculation.

Fig. 2. Survival curves of mice after OA inoculation.
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