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heterozygotes by the spectrophotometric method and 
III-3, III-9 and III-5 as heterozygotes by the 
radiochemical method (Figure 2). III-6, III-8 and II-2 
were clearly normal. 

The four obligate heterozygotes had mean FDPase 
values of 66.8 nm mg- ~ h -  ~ by the spectrophotometric 
and 20.6 nm mg-1 h-1 by the radiochemical assays, 38 
and 20 % of the control means respectively, giving a ratio 
of 3.2 between the two methods. 

DISCUSSION 

Our two patients are, to the best of our knowledge, the 
first reported cases of FDPase deficiency from the 
Middle East, case one also being the first individual in 
which a diagnosis has been made and the correct diet 
instigated through enzyme assays on leukocytes. 
Previous cases have been reported from the United 
States, Europe and Japan, and the diagnosis in these 
cases has been established through FDPase assays in 
liver (Gitzelmann et al., 1983). Although Case one is the 
product of a non-consanguineous marriage (Figure 1), 
she comes from the Lebanese Sunnite community in 
which consanguinity has been estimated at 24-27 ~o 
(Der Kaloustian et al., 1980), and has at least 15 second 
and third degree relatives who are potential carriers of 
the disease. Case two is the produc t of a consanguineous 
marriage and comes from the Lebanese Druze 
community in which consanguinity is 41% (Der 
Kaloustian et al., 1980), having at least 18 second and 
third degree relatives who are potential carriers of the 
disease. The ability to detect heterozygotes in order to 
give adequate genetic counseling is therefore of special 
relevance. 

Difficulties have been encountered in measuring 
FDPase in leukocytes (Cahill and Kirtley, t975; 
Gitzelmann et aI., 1983). These difficulties appear to 
arise from the method used to prepare leukocytes 
(Melancon and Nadler, 1975). The control values from 
our spectrophotometric assays are comparable with 
those described by Kiimgasa et al. (19'79) and our values, 
using the radiochemfcal technique, are slightly higher 
than those of Janssen and Trijbels (~982). The FDPase 
deficiency in Cases 1 and 2 could therefore be clearly 
established using b0th techniques, :though the more 
sensitive radiochemical assay revealed residual FDPase 
activities which were 0:5-3.4 % of the control mean. 

The spectrophotometric assay appears to over- 
estimate FDPase activities when they are in the 
heterozygote range, though the sensitivity of the 
technique was insufficient to demonstrate this point for 
homozygotes. This overestimation is reflected in the 
higher spectrophotometric FDPase value to radio- 
chemical value ratios in obligate heterozygotes com- 
pared to controls. This led to considerable overlap 
between heterozygotes and controls (Figure 2A), as has 
been noted by others using the spectrophotometric 
method (Melancon et aI., 1973; Kinugasa et at., 1979). 
However, the radiochemical technique gave a much 
dearer separation of heterozygotes and controls, with 
minimal overlap (Figure 2B). 

In conclusion, we suggest that FDPase deficiency may 
be conveniently diagnosed on leukocytes using either the 
spectrophotometric or radiochemical assays, whereas 
the radiochemical technique is the method of choice in 
attempting detection of heterozygotes. Use of this 
technique enables clear identification of some carriers in 
a population at risk, but overlap between heterozygotes 
and control values precludes detection of all carriers. 

We are grateful to the Lebanese National Council for Scientific 
Research for their generous financial support and to Miss Salpi 
Elmajian for typing the manuscript. 

MS received 19.10.84 
Accepted for publication 2.3.85 

References 

Alexander, D., Dudin, G, Talj, F., Bitar, F., Deeb, M., Khudr, 
A., Abboud, M. and Der Kaloustian, V. M. Five related 
Lebanese individuals with high plasma lysosomal hy- 
drolases: a new defect in mannose-6-phosphate receptor 
recognition? Am. J. Hum. Genet. 36(1984) 1001-1014 

Baker, L. and Wingrad, A. I. Fasting hypoglycemia and 
metabolic acidosis associated with deficiency of hepatic 
fructose-l,6-diphosphatase activity. Lancet 2 (1970) 13-16 

Cahill, J. and Kirtley, M. E. FDPase activity in human 
leucocytes. N. Engl. J. Med. 292 (1975) 2t2 

Corbeel, L., Eggermont, Ei, Eeckels, R., Jaeken, J., Casteels-van 
Daele, M., Devlieger, H. and Delmotte, B. Recurrent attacks 
of ketotic acidosis associated with fructose-l,6-diphos- 
phatase deficiency. Acta Paediatr. Belg. 29 (1976) 29-34 

Der Kaloustian, V. M., Naffah, J. and Loiselet, J. Genetic 
diseases in Lebanon. Am. J. Med. Genet. 7 (1980) 187-203 

Gitzelmann, R., Steinmann, B. and Berghe, G. V. D. Essential 
fructosuria, hereditary fructose intolerance , and fructose- 
1,6-diphosphatase deficiency. In Stanbury, J. B, 
Wyngaarden, J. B., Fredrickson, D. S., Goldstein, J. L. and 
Brown, M. S. (eds.) The Metabolic Basis of Inherited Disease, 
McGraw-Hill, New York, 1983, pp.. 1 t 8-140 

Janssen, A. J. M. and Trijbels, F. J. M; A new radiochemical 
assay for fructose-t,6-diphosphatase in human leucocytes. 
Clin. Chim. Acta 1t9 (1982) !43-148 

Kinugasa, A., Kusunoki, T. and Iwasl~ima, A. Deficiency of 
glucose-6-phosphate dehydrogenase found in a case of 
hepatic fructose-l,6-diphosphatase deficiency. Pediatr. Res. 
13 (1979) 1361-1364 

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J. 
Protein measurement with the folin phenol reagent. J. Biol. 
Chem. 193 (1951)265-275 

Melancon, S. B., Khachadurian, A. K., Nadler, H. L. and 
Brown, B. I. Metabolic and biochemical studies in fructose- 
1,6-diphosphatase deficiency. J. Pediatr. 82 (1973) 650-657 

Metancon, S. B. and Nadler, H. L. Detection of fi'uctose-l,6- 
diphosphatase deficiency with use of white blood cells. N. 
Engl. d. Med. 286 (1972) 731-732 

Melancon, S. B. and Nadter, H. L. FDPase activity in human 
leucocytes. N. EngI. J. Med. 292 (1975) 212-213 

Addendum 

Following submission of this paper, a method was 
published for the detection of FDPase heterozygotes by 
assay on cultured tymphocytes using the spectrophoto- 
metric assay (Ito, M., Kuroda, Y., Kobashi, H., 
Watanabe, T., Takeda, E., Toshima, K. and Miyao, M. 
Clin. Chim. Acta 141 (1984) 27--32). 


