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ABSTRACT

We;< report three historical cases of severe vitamin A intoxication in anglers who had consumed reef fish liver caught in
Bermuda. The subsequent analyses of 35 fish livers from seven different fish species revealed that very high concentrations of
vitamin A exist in tropical liver fish, even in noncarnivorous fish species. Large variations in concentrations were observed
between specimens and between species. The angling population and (especially) pregnant women should be advised of this
potential health threat.

Vitamin A intoxication has been historically reported
after the ingestion of the livers of whales, polar bears, and
seals among Inuit and Arctic explorers (7, 8). Acute
intoxication (within 24 h) can result in nausea and vomiting,
headache, dizziness, blurred vision, and desquamation.

Compared with temperate and polar regions, subtrop-
ical and tropical environments report substantially fewer
cases of vitamin A poisoning. However, three cases were
reported in Taiwan after the ingestion of grouper livers (2).
The ingestion of deepwater red snapper (Etelis carbunculus)
liver has been implicated in three similar cases of poisoning;
vitamin A concentrations averaged 9,800 international units
(IU)/g in those livers (6). In addition, in 2010, two cases of
vitamin A intoxication were reported after the ingestion of
greater amberjack (Seriola dumerili) in France (1).

Acute fish liver intoxication is rare, especially in
subtropical regions. Three historical cases of fish poisoning
among anglers were recorded in the 1970s in Bermuda. All
episodes occurred after the consumption of fish liver from
fish captured near Challenger Bank, Bermuda. The clinical
presentations of these patients were similar to those of
retinoid intoxication. These Bermudian anglers experienced
intense headache, myalgia, progressive desquamation,
generalized aching pain, and superficial vesicles and bullae
of the skin. Sequelae for some included hair loss and diffuse
peeling of the skin on the palms and soles, as well as a
partial pigmentation loss. Symptoms began after ingestion
of a meal of reef fish liver from (specifically) Challenger
Bank, a submerged seamount, 12 miles offshore from
Bermuda, the cone of which is roughly 200 ft (61 m) below
the surface.=

In order to confirm the origin of these sporadic
poisoning cases, it was decided to sample fish species from
around Bermuda, specifically Challenger Bank, where the
particular fish species that caused the cases of poisoning
were caught.

MATERIAL AND METHODS

Fish sampling. In the summer of 2008, we measured retinol
liver content in of 35 fish samples from seven species caught at
Challenger Bank and at several control areas on the Bermuda
platform. Species analyzed were coney (Cephalopholis fulva),
chub (Kyphosus saltatrix), barber (Paranthias furcifer), bonita
(Seriola rivoliana), dusky shark (Carcharhinus galapagensis),
gray snapper (Lutjanus griseus), and gummy shark (Mustelus
antarcticus).

Vitamin A analyses. Retinol concentration in fish liver
samples was determined by reversed-phase high-pressure liquid
chromatography (HPLC), as described previously (9). In brief,
vitamin A concentrations were determined with 100 mg of frozen
fish liver homogenized in normal saline. Retinyl acetate was added
to the extraction mixture as an internal standard. Vitamin A was
extracted after the addition of methanol and mobile-phase buffer
(hexane:n-butyl chloride:acetonitrile (HPLC-grade solvent;
77:18:5 [vol:vol:vol]) with 0.01 ml of glacial acetic acid. The
final mixture was centrifuged at 350 | g for 15 min at room
temperature, and the upper layer was carefully removed by
aspiration and placed into individual autosampler vials for HPLC
analyses. An isocratic method and a normal-phase HPLC column
(internal diameter of 12.5 cm by 4 mm, filled with LiChrospher Si
60 spherical silica sorbent [5-mm particle size]; Merck, Darmstadt,
Germany) were used. The chromatographic conditions were flow
rate of 1 ml/min, pressure at 270 to 310 psi (1,861.6 to
2,137.4 kPa), and temperature of 25uC; this allowed separation
of retinyl esters, free retinol, and retinyl acetate. The mean
retention times (¡ standard deviation) of 20 analyses of the same
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normal plasma sample conducted over a 3-month period were 0.96
¡ 0.01, 1.53 ¡ 0.01, and 5.99 ¡ 0.02 for retinol palmitate,
retinyl acetate, and free retinol respectively, whereas the plasma
concentrations of retinol palmitate and free retinol were 1,937 ¡
138 and 577 ¡ 39 ng/ml, respectively.> Canadian trout livers were
used as controls.

Arithmetic means, ranges, 95% confidence intervals (CI), as
well as the Student t tests for means comparisons were calculated
with SAS software (version 9.1, SAS Institute, Inc., Cary, NC)

RESULTS

As shown in Table 1, the average total retinol in
Bermuda fish sampled varied from 173 to 16,856 IU/g. For
fish with larger sample sizes, chub liver (n ~ 8) contained
an average vitamin A concentration of 6,929 IU/g (95% CI:
1,467 to 12,392); coney liver (n ~ 13), 2,156 IU/g (95%
CI: 1,400 to 2,913); and barber liver (n ~ 7), only 300 IU/g
(95% CI: 154 to 445). The two rainbow trout (Oncorhyn-
chus mykiss) liver specimens from Canada used as controls
contained 554 and 727 IU/g.

Among chubs, the two fish with livers showing the
lowest concentrations of 173 and 430 IU/g were the smaller,
.1 lb (453 g), compared with the other (larger) fish, which
weighed more than 2.25 lb (1,020 g) (Table 2).

Since only coney and barber were both caught at
Challenger Bank and control sites, it was difficult to
evaluate precisely any geographical differences between
fish and sites, as postulated by anglers. However, and even
based on a small sample size, coney captured at Challenger
Bank had retinol liver concentrations that were twice as high
as those concentrations of coney caught from other locations
on the Bermuda seamount (2,473 versus 1,102 IU/g).
However, many of the fish livers tested from fish sampled
from the Bermuda seamount had concentrations of retinol
high enough to be problematic for human consumption.

DISCUSSION

Acute poisoning can occur with doses of vitamin A of
less than 500,000 IU. This dose corresponds to the ingestion
of 70 g of chub liver or 230 g of coney liver. This dose of
vitamin A would be reached with the ingestion of only 30 g
of liver for those fish livers with the highest concentrations
we observed (16,856 IU/g). Eating a large, contaminated
chub liver meal of 250 g will deliver more than

4,000,000 IU. It has been reported that doses as low as
10,000 IU of vitamin A might be sufficient to cause
intoxication (3).

Because of retinoic acid metabolites, vitamin A has
teratogenic potential, and pregnant women are advised to
avoid or to limit the consumption of any liver type. Daily
doses as low as 25,000 IU have been associated with birth
defects (5).

Based on the literature, vitamin A poisoning associated
with fish liver consumption in the tropics has been limited to
large, carnivorous reef fishes (amberjack, grouper, and
snapper). However, our results show that even small
herbivorous fish such as Bermuda chub might contain up
to 16,000 IU/g. Moreover, differences in retinoid concen-
trations among samples from the same species were
significant (from 1 to 100| for chub). Fish weight and
age could be factors to consider in the accumulation of
vitamin A. In addition, Challenger Bank was mentioned by
the anglers as the place where the fish that resulted in all
three poisoning cases were caught. Our data suggest that the
place of capture could also be a factor influencing fish liver
retinoid concentration. Challenger Bank is separated from
Bermuda by a deep chasm of open ocean, and it is possible
that fish feed differently or have different foods on which to
feed. Algae are known to contain large quantities of b-
carotene, but might differ in concentrations relating to their
location and species. The trophic level might influence
vitamin A concentration in fish livers as well. However,
little is known of the exact ecological factors influencing
vitamin A concentration in fish liver. Further research
should be conducted to test for differences in retinol
concentrations between fish from Bermuda and from
Challenger Bank, and if findings are significant, to
investigate the possible cause of the differences.

Fish livers are not usually sold at market; if anglers do
not consume them, they are discarded. Still, the public
(especially pregnant women) should be advised that liver
from any tropical fish species, not just large predatory
species, could contain high, toxic concentrations of
vitamin A.
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TABLE 1. Concentrations of total retinol in fish liver from
Bermuda

Species n Mean (IU/g) Range (IU/g)

Coney (Challenger Bank) 10 2,473 584–4,105
Coney other 3 1,102 193–1,759
Barber (Challenger Bank) 3 326.67 71–476
Barber other 4 279.25 189–455
Bonita 2 756 316–1,196
Gummy shark 2 3,076 2,939–3,214
Gray snapper 2 814 752–877
Chub 8 6,929 173–16,856
Gwelly shark 1 1,470

TABLE 2. Weight and retinol content in chub livers from
Bermuda

Fish sample no. Weight (g) Retinol content (IU/g)

1 450 1,173
2 450 430
3 1,000 16,856
4 1,000 9,463
5 1,125 3,471
6 1,250 5,937
7 1,350 3,256
8 1,575 15,851

0 DEWAILLY ET AL. J. Food Prot., Vol. 000, No. 000



REFERENCES

1. Ardigier, G., G. Drouet, and L. de Haro. 2010. [Poisoning after

ingestion of Mediterranean greater amberjack liver: hypervitaminosis,

a clinical feature]. Presse Med. 39:833–834. (In French.)

2. Chiu, Y. K., M. S. Lai, J. C. Ho, and J. B. Chen. 1999. Acute fish liver

intoxication: report of threecases.ChanggengYiXueZaZhi.22:468–473.
3. Farris, W. A., and J. W. Erdman, Jr. 1982. Protracted hypervitaminosis

A following long-term, low-level intake. JAMA 247:1317.

4. Hartmann, S., O. Brørs, J. Bock, R. Blomhoff, J. Bausch, U. W.

Wiegand, D.? Hartmann, and D. H. Hornig. 2005. Exposure to retinoic

acids in non-pregnant women following high vitamin A intake with a

liver meal. Int. J. Vitam. Nutr. Res. 75:187–194.

5. Hathcock, J. N., D. G. Hattan, M. Y. Jenkins, J. T. McDonald, P. R.

Sundaresan, and V. L. Wilkening. 1990. Evaluation of vitamin A

toxicity. Am. J. Clin. Nutr. 52:183–202.
6. Hwang, D. F., C. H. Lu, and W. F. Lin. 2010. Species identification

and vitamin A level in lutjanid fish implicated in vitamin A poisoning.

J. Food Prot. 73:769–773.
7. Rodahl, K. 1949. Toxicity of polar bear liver. Nature 164:530.
8. Rodahl, K., and T. Moore. 1943. The vitamin A content and toxicity of

bear and seal liver. Biochem. J. 37:166–168.
9. Ruotolo, G., H. Zhang, V. Bentsianov, and N. A. Le. 1992. Protocol

for the study of the metabolism of retinyl esters in plasma lipo-
proteins during postprandial lipemia. J. Lipid Res. 33:1541–

1549.

Journal of Food Protection food-74-07-06.3d 6/4/11 17:56:15 3 Cust # JFP-10-566R

J. Food Prot., Vol. 000, No. 000 VITAMIN A FISH POISONING 0



Authors Queries

Journal: Journal of Food Protection
Paper: food-74-07-06
Title: Vitamin A Intoxication from Reef Fish Liver Consumption
?in Bermuda

Dear Author
During the preparation of your manuscript for publication, the questions listed below have arisen. Please attend to
these matters and return this form with your proof. Many thanks for your assistance

Query
Reference

Query Remarks

1 Author: This article has been
edited for grammar, style, and
usage. Please compare it with
your original document and make
corrections on these pages.
Please limit your corrections to
substantive changes that affect
meaning. If no change is required
in response to a question, please
write ‘‘OK as set’’ in the margin.
Copy editor

2 Author: Key words: vitamin A,
retinol, fish, Bermuda. Key words
are used for indexing; please
approve or edit as needed. Copy
editor

3 Author: Please verify depth; the
original sentence not clear. Depth
presented here the result of re-
search on Challenger Bank. Copy
editor.

4 Author: Please specify unit of time
for mean retention times (¡ stan-
dard deviation) in the sentence
‘‘The mean retention times (¡
standard deviation) of 20 analyses
of the same normal plasma sam-
ple conducted over a 3-month
period were 0.96 ¡ 0.01, 1.53 ¡
0.01, and 5.99 ¡ 0.02 for retinol
palmitate, retinyl acetate, and free
retinol, respectively…’’ Copy edi-
tor.

5 Author: Please cite reference 4 in
text. Proofreader

Journal of Food Protection food-74-07-06.3d 6/4/11 17:56:15 4 Cust # JFP-10-566R

0 DEWAILLY ET AL. J. Food Prot., Vol. 000, No. 000


