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Litchi fruit contains methylene cyclopropyl-glycine

Earlier we had reported on annual sea-
sonal outbreaks of hypoglycaemic ence-
phalopathy in children in Muzaffarpur
district, Bihar'?. Until our studies in
2013 (ref. 1), this disease was misclassi-
fied by all others as acute viral encepha-
litis first and later as acute encephalitis
syndrome, since no viral agent could be

detected after years of search®®. Media
had been calling it a mystery disease, as
no definitive clinical diagnosis consistent
with International Classification of Dis-
eases had been made, in spite of investi-
gations dating back from 1995 onwards
by many investigators — local, national
and international.

CURRENT SCIENCE, VOL. 109, NO. 12, 25 DECEMBER 2015

Hypoglycaemic encephalopathy occurs
sporadically in children predisposed by
inborn errors of metabolism, triggered
mostly by long hours of no food intake’.
In children not genetically so predis-
posed, an extrinsic toxin is necessary to
cause the disease. The one well-known
extrinsic toxin causing hypoglycaemic
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encephalopathy (also called Jamaican
vomiting disease) is methylene cyclo-
propyl-alanine (MCPA), also known as
hypoglycin A, present in ackee fruits,
popular in Jamaica®.

In the case of Muzaffarpur hypogly-
caemic encephalopathy, strong epidemi-
ological association exists with litchi
fruits, as we have described earlier'”.
Jamaican ackee (Blighia sapida) and
Asian litchi (Litchi sinensis) belong to
the same family, Sapindaceae (soap-
berry)'. Many decades ago, phyto-
toxicology experts had described the
presence of an anlogue of hypoglycin A,
methylene cyclopropyl-glycine (MCPG)
in litchi seeds’. In experimental animals,
both MCPA and MCPG cause hypogly-
caemia and encephalopathy'™'". With all
this information already available, we
had postulated first and predicted later,
that the extrinsic stimulant causing the
Muzaffarpur hypoglycaemic encephalo-
pathy is MCPG"?.

Thus the last missing piece of the puz-
zle of the Muzaffarpur hypoglycaemic
encephalopathy was the question of the
presence of MCPG in litchi fruits. The
likelihood of children swallowing litchi
seeds is extremely low. However, chil-
dren eat litchi fruits, available in plenty
during the harvest season®. One of us
(T.J.J.) has interviewed knowledgeable
local people and learnt two interesting
facts. The majority of affected children
belong to the families of litchi harvesting
labourers who camp in litchi orchards for
harvesting the fruits early in the morn-
ing, before sunrise. Second, only fruits in
bunches are saleable, but the many single
fruits that fall to the ground have no
commercial value and are free for chil-
dren to pick up and hoard for eating
later. A previous study found strong
association of litchi consumption by chil-
dren with the disease’.

Therefore, we focused our attention to
the chemical investigation of litchi fruits
for the presence of MCPG. We present a

Table 1. Methylene cyclopropyl-glycine
(MCPG) content in litchi seeds, semi-ripe and
ripe fruit pulp

Fruit part taken for

analysis MCPG content

Litchi seeds
Litchi semi-ripe pulp
Litchi ripe pulp

1.80 ng/g dry wt
0.57 ng/g fresh wt
0.18 ng/g fresh wt
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preliminary report of the detection of
MCPG in Muzaffarpur litchis.

Litchi seeds and semi-ripe and fully
ripe fruits were collected in Muzaffarpur
and stored frozen until testing. Dry seed
powder and fruit pulp were macerated in
ethanol and the slurry filtered and con-
centrated by ethanol evaporation. The
concentrates were washed in water to
remove carbohydrates. The aqueous mix-
tures were centrifuged and the super-
natants analysed for MCPG by LC-MS/
MS and the data were compared with
synthetic MCPG procured from AKos
(GmbH, Germany).

LC-MS/MS analysis showed a peak
corresponding to standard MCPG in
seeds, ripe and semi-ripe litchi pulp,
indicating the presence of MCPG in all
the three samples. Based on the product
ion scan (MS2) of MCPG, product ions
qualified for monitoring were 109.9 and
82.0 (Figure 1). Following optimization
of multiple reaction monitoring mass
spectrometry conditions based on better
baseline and sensitivity, the precursor
ion — product of m/z 128.0 — 82.0 was
used for quantitation purpose. Table 1
shows the result of quantification of
MCPG in the samples. Litchi seeds con-
tain 1.8 ng/g MCPG, while the ripe and
semi-ripe pulp show a value of 0.187 and
0.566 pg/g (fresh wt) MCPG respec-
tively. The ripe litchi pulp has the least
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concentration of MCPG which is less by
a factor of 3.0 and 9.6 compared to semi-
ripe pulp and litchi seeds respectively.
Earlier studies have shown the presence
of MCPG in litchi seeds at a concentra-
tion of 0.8 ug/g fresh seeds’. Since these
seeds were fresh and had 50% water con-
tent as reported’, the concentration of
MCPG in these seeds would be 1.6 ng/g
on dry weight basis. Thus, the concentra-
tion of MCPG (1.8 pg/g dry wt) found in
the litchi seeds in the present study is
almost similar to that reported earlier’.

In conclusion, we have found MCPG,
a hypoglycin, that we call hypoglycin G,
in litchi fruits, both semi-ripe and fully
ripe. The presence of MCPG in litchi
seeds had been known for a long time,
but there are no reports of MCPG in
litchi fruits. Our finding provides the
much needed evidence for biological
plausibility that litchi consumption by
undernourished children, especially after
prolonged fasting, triggers the hypogly-
caemic encephalopathy that manifests
during the early hours of the morning (4—
8 am)'%.

In view of our observations and con-
clusions, the Government of Bihar has
already introduced some interventions. In
2015, the local health workers have cam-
paigned in the litchi-cultivating commu-
nities to teach the locals that no child
should go to bed at night without eating a

Max. 7.1¢5 cps

128.0

109.8.,

110.8.

Figure 1.
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Product ion (MS 2) spectra of Methylene cyclopropyl-glycine (MCPG). MCPG

shows a molecular ion peak at 128 m/z, while two major fragmented peaks were also observed at

109.9 and 82 m/z respectively.
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cooked meal and for parents to restrict
children eating litchis in the evening to
none or very few. Unfortunately, no one
is monitoring the outcome of these inter-
ventions. All primary health centre
medical officers have been taught to
draw blood for glucose measurement and
immediately infuse 10% dextrose, in-
stead of sending the children with en-
cephalopathy to the two designated
referral hospitals in the district headquar-
ters, which may involve hours of delay
that results in risk to life or full brain re-
covery?. Thus, both preventive and cura-
tive interventions are already in place to
save the lives of many children.
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