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Abstract- Litchi are subtropical evergreen fruits became famous in various part of the world for its
aroma, flavor, taste as well as its high nutritive value. It contains various nutritional property but two
main amino acid called MCPG and MCPA (known as neurotoxin) which are responsible for litchi
toxicosis in malnourished children, reported first in 2011 in Bihar. Numerous studies have reported
that litchi aril are rich in MCPA (12.4 t0152.0 ug/g) and MCPG (44.9 t0220 pg/g) and plays a major role
in toxic outburst in form of hypoglycaemia and acute hypoglycaemic encephalopathy syndrome by
interfering major alternative pathways of glucose production (B-oxidation, gluconeogenesis and
ketogenesis) resulting hypoglycaemia along with accumulation aminoacidemia which leads to
encephalopathy. As a result of that hypoglycaemic encephalopathy happened. An immediate
treatment stared with dextrose infusion with 3% saline solution use to prevent edema of brain cells,
5% improves hypoglycaemia, 10% improves moderate to severe hypoglycaemia and 50% cures severe
hypoglycaemia or glucose scarcity in blood .Therefore the main of this systematic review is to present
an overview on causative agent, diagnostic measures and management of litchi toxicosis. Preventive

measures comprise maintenance of poor health status and assurance of hepatic storage among

malnourished children to avoid seasonal toxicosis.
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I. INTRODUCTION

Litchi (Litchi chinesissonn) a subtropical fruit of
Sapindaceae family originated from China. [1] In
India litchi cultivation was started from 18th century
through Burma. Now India is the second largest
producer of litchi after china. It became popular and
stated as the “queen of fruits” for excellent colour,
flavour, aroma, high nutritional value and eye-
catching appearance. [2-4] Though India and China
produces 91% of litchi, because of climate specificity
like soil, temperature and rainfall, it uses to cultivate
in very few countries worldwide (China, India,
Thailand, and Vietnam). [5,6]

In India main litchi producing states are Bihar, Uttar
Pradesh, Uttarakhand, West Bengal, and Haryana/
Punjab. Main interest behind cultivation of this crop

is associated with its high nutritional value. [7] Litchi
pulp is a good source of nutrients such as
polysaccharides, polyphenols (flavonoids,
epicatechins, and anthocyanins), vitamins (mainly
vitamin C and B-complex), and minerals like
magnesium, copper, iron, manganese and folate. But
amount used to vary with the litchi variant. [8, 9]
However from past few years it became a mysterious
fruit for scientists because of its toxic outburst in
India.

The outbreak of litchi toxicity reported almost every
year after 1995 in Muzaffarpur district of Bihar. This
seasonal outbreak of mysterious illness characterized
by seizures and changed mental status among
children. [3] Paireau et al, in 2012 reported that toxic
epidemic of litchi is a seasonal outbreak. [9]
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In 2013-2014, the National centre for disease control
(NCDQ) in India, and US centre for disease control
joint investigation in Muzaffarpur confirm that
naturally occurring amino acids (HGA-hypoglycin A
and MCPG-methylenecyclopropyl glycine) associated
with litchi toxicity. [12]

Singh et al, in 2016 find same association and assure
absence of infectious agents such as virus and
bacteria as a causal factor. So, association between
hypoglycaemia and brain disorder is mainly
associated with hypoglycin A and MCPG. [10-12]

II. HYPOGLYCIN A OR MCPA AND MCPG

Hypoglycine A or B- methylenecyclopropyl alanine
(MCPA) is non-protein amino acids first isolated from
unripen ackee fruit, Blighiasapida. In 1954, Hassal et
al first isolates hypoglycin A and hypoglycin B as
crystalline metabolites. [13] (Figurel). It is a water
soluble natural toxin responsible for Jamaican
Vomiting Sickness. [15, 16]

Bowen-Forbes et al, in 2011 reported that in unripen
ackee fruit MCPA concentration is 300-10,000 fold
higher than ripen one. [17] Whereas, in litchi
hypoglycin a concentration is 12.4- 152.0 ug/g. [18].

Methylene Cyclo Propyl Glycine (MCPG) was first
isolated in 1962 by Gray and Fowden from the kernel
of litchi fruits. It is the lower homologue of
hypoglycine A. [19]

MCPG concentration (0.57 pg/g) is much higher in
semi ripen and ripen litchi fruit. [20] But in case of
litchi fruit toxicity (Muzaffarpur, Bihar) unripen fruit
has more MCPA and MCPG content than ripen one.
[18](Table 1)

1. Existing Reviews:

Toxicological analysis by Phan et al, in 2018 reported
68% cases in 2008, and <20% cases in 2009-2011
were enterovirus positive, but it cannot explain the
epidemiological model of seasonal outbreak.

Next, an alternative study was carried out, with 2
groups (with HGA and low HGA), through CSF
(cerebrospinal fluid) analysis, it was confirmed that
HGA and MCPG were the main causative agent for
hypoglycaemia and brain disorder. But in case of
encephalitis, enterovirus was considered as a causal
factor. [21]

Shrivastava et al, in 2014 on the basis of case
control study reported that acute encephalopathy
was associated with both HGA and MCPG, and not
related to enterovirus. As litchi aril contain 12.4 to
152.0 yg/g HGA and 44.9 to 220 pug/g MCPA, litchi
consumption in empty stomach or after skipping of
an evening meal aggravates the symptoms of
hypoglycaemia along with abnormal plasma
acylcarnitine profiles. [18]

However, numerous in vivo studies were carried out
to understand the mechanism of hypoglycaemic
effect of MCPA and MCPG. [5, 22, 23, 24, 25]
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Fig 1. A and B respectively shows MCPA and MCPG
structure.

Table 1. MCPG and hypoglycineA content of ripen
and unripen litchi with 6 homogenates. [18]

Catagory MCPG Hypoglycin A
(ug/g dry weight) | (ug/g dry weight)

1
Ripe 66.4 741
Unripe 220.0 152.0

2
Ripe 68.0 50.5
Unripe 112.0 136.0

3
Ripe 449 124
Unripe 82.1 18.5
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2. Pathogenesis of Hypoglycaemia:

It is well-known that Hypoglycin A or (HGA) or
(MCPA) and MCPG are the main causal factors for
litchi fruit toxicity. They generally worked by blocking
B-oxidation of fatty acids and inhibit gluconeo-
genesis, mutually identified as a responsible factor
for glucose scarcity in blood. MCPA generally
degrades to toxic methylenecyclopropyl acetyl-CoA
by deamination or decarboxylation, and inhibits B -
oxidation, by blocking short and medium chain acyl-
CoA dehydrogenase. [27]

Thus acyl-CoA dehydrogenase declines the amount
of hepatic acyl-CoA and upsurges hepatic butaryl-
CoA concentration, with slight escalations in short
and medium chain fatty acids. Its substrate specificity
(C4 and C6- CoA), for short chain acyl-CoA also
involves in inhibition of § -oxidation. [28, 26]

Next, it hampers hepatic gluconeogenesis by
inhibiting pyruvate dehydrogenase, glutaryl CoA and
glyceraldehyde-3-phosphate dehydrogenase
enzymes. [29]

On the other hand inhibition of pyruvate oxidation
reduces acetylcholine concentration and produces
neurological sign and symptoms. [30] It also impairs
the capacity of the cell to produce sufficient ATP, and
reduces 13% hepatic concentration of ATP and
increases 65% hepatic AMP concentration. [26]

MCPA MCPG

methylenecyclopropyl . F p
acetyl.Coh methelenecyclopropylformyl CoA

Deamination/0
ecarboxylation

—_ L
Reduces .
acetylcholine Short and medium Thiolase and
chain acyl CoA enoylhydratase
dehydrogenase \4 *
Ketogenesis
Pyruvate Increases  butaryl Decreases short
dehydrogenase, CoA concentration, chain fatty acid
Glutaryl CoA, Decreases hepatic concentration,
Glyceraldehyde -3- CoA concentration, Decreases hepatic
phosphate Decreasesshort and acyl CoA

dehydrogenase. concentration,
Increases long

chain acyl CoA

| concentration.

Gluconeogenesis

medium chain fatty
acids concentration.

Reduces 13% ATP
Increases 65% AMP

B - Cridation

Fig 2. Pathogenesis of MGPA and MCPG induced
hypoglycaemia (== Inhibition)

Whereas MCPG degrades to Methelene Cyclo Propyl
Formyl CoA, and reduces hepatic short chain fatty
acid (C4 - C8- CoA) concentration along with hepatic
acetyl- CoA. Reduction in short chain acyl-CoA and
increase in long chain acyl- CoA blocks oxidation of
short and medium chain acyl-CoA. [26]

However, MCPG-CoA inhibits thiolase and enoyl CoA
hydratase reaction instead of medium chain acyl CoA
dehydrogenase and suppresses ketogenesis. [24, 31,
32] But it did not cause quantifiable changes in ATP
storage. The main difference between MCPG and
MCPA is that- MCPG affect moderately endogenous
glucose uptake through B -oxidation, while MCPA
causes rapid endogenous glucose uptake, and results
hypoglycaemia. [33]

3. Acute Hypoglycaemic Encephalopathy:

Acute encephalitis syndrome (AES) is a neurological
disorder, with sign and symptoms of mental
confusion, disorientation, delirium or coma. Generally
viruses are the main causative agent for AES. But
from last few decades it has been reported that
several bacteria, fungus, parasites, chemical and
toxins held responsible for AES. [34, 35]But acute
encephalitis and encephalopathy are different
disease condition. As encephalitis includes brain
inflammation and encephalopathy can cause both
inflammatory/ non-inflammatory condition. [35] In
this portion of review we will discuss about AHES, as
it significantly differs from normal encephalopathy,
and encephalitis.

Table 2. Hypoglycaemic effect of MCPA and MCPG in
animal model (1978 to 2019).

Animal Major outcomes Reff
models
Hypoglycin Administration of [22]
A (HGA) 100mg/kg body weight of
induced rat hypoglcin A inhibits
model gluconeogenesis. It also
inhibits glucose recycling
through Cori cycle. But this
study can't explain the
mechanism of steady state
glucose normalization
after HGA poisoning.
Mechanism Oral administration of [23]
of MCPG in rats at a dose of
methylenec 25 mg/kg body weight
yclopropylg (BW) didn't cause any
lycine significant effect. Whereas,
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(MCPG) administration of 43 Identificati Acknowledged optimal [5]
action in mg/kgBW and 50 on of dose of litchi pulp by using
starved mg/kgBW decreases 50% tolerable 2.48 mg/kg body weight
rats. and 20% blood glucose dose of (BW)/day HGA and ~9.0
level within 2-4h, litchi using mg/kg BW/day MCPG in
compared with control mice model starved and un-starved
rates. On the other hand, mice. Therefore it has
within same time range it reported that 3.9 kg fresh
increases lactate and non- litchi pulp/ day for human
esterified fatty acids adult weighing 60 kg, and
concentration (NEFA), 0.59 to 1.17 kg fresh
along with reduction in the pulp/day for children of
activity of branched chain age between 1 to 5 years
acyl CoA dehydrogenase is safe for consumption.
and enoyl- CoA hydratase.
Methylenec | MCPG inhibits -oxidation, | [24]
yclopropylg | and gluconeogenesis more Table 3. Difference between encephalopathy and
lycine rapidly by decreasing the toxic induced encephalopathy. [40]
poisoning supply of NADPH. It also Encephalopathy Hypoglycaemic
in starved supress ketogenesis and, encephalopathy
rats results high plasma Causative factor is virus, Causative agent is
concentration of bacteria or chemicals or toxin (MCPG or
branched-chain amino toxin MCPA)
acid by inactivating acetyl Onset of fever before Fever use to start
CoA and thiolase enzyme. inception of brain after inception of
Methylcycl MCPF-CoA generally [25] dysfunction brain dysfunction
opropylfor deactivates enoyl CoA Fever use to persists for a Asymptomatic:
myl — CoA’s hydratase (ECH) rather day or two followed by the | symptoms used to
(MCPF- than any other enzymes symptoms caused by brain | start next day after
CoA) effect | involved in B-oxidtion. It damage ingestion of toxin
onrat, acts as a competitive Diagnostic symptoms Symptoms include-
bovine liver | inhibitor for rat liver ECH, include- mental confusion, vomiting,
and pig but in case of bovine liver disorientation, delirium or convulsion, semi-
kidney. and rat kidney's ECH, coma consciousness and
shows irreversible hypoglycaemia
inhibitory effect, which White blood cell (WBC) No significant
inhibits g-oxidation via used to present in changes in WBC
covalent trapping of cerebrospinal fluid(CSF) i.e
methylenecyclopropane more WBC per unit volume
ring. of CSF
Mechanism Both MCPA and MCPG [26]
of MCPA inhibits g-oxidation. But (Table 2) Hypoglycaemic encephalopathy is a
and MCPG mechanism differs as metabolic encephalopathy occurs as a consequence
induced MCPA inhibits short chain of serious complications of toxicosis, insulin or oral
hypoglycae acyl-CoA enzyme and glycaemic therapy, malnutrition, alcohol abuse, and
mia on rats. depletes hepatic ATP insulinoma. [36, 37]
storage, whereas MCPG
inhibits several short chain Initial symptoms include vomiting, convulsion, semi-
enoyl CoA hydratases and consciousness, cytotoxic oedema and even coma.
causes disruption of - [30, 37, 38] Main prognostic factors for AHES
oxidation. includes-1.prolonged hypoglycaemia (glucose level

<50 mg/dl) causes severe damage of cerebral cortex,
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hippocampus of brain. [39] 2. Low lactic acid level.
But for toxic induced AHES the mortality and
morbidity rate is high among malnourished children,
who eat the litchi fruit after skipping of an evening
meal. While well-nourished ones are free from this
symptoms even if they go to bed in an empty
stomach. Main reason behind this includes sufficient
glucose reserve as glycogen and the process of
gluconeogenesis [40].

Litchi consumptionafter skipping
evening meal [MCPG and MCPA)

[37,39,43,44-48]

nucleus, pons and corpus callosum.
Short term severe hypoglycaemia does not provide visible
changes in DWI scanning, and lesion localization at the first
good outcome in early imaging.

Diffusion MRI (magnetic resonance imagining)
Earliest changes are visible on DWI (diffusion-weighted

imaging) sequencing, and apparent on diffusion coefficient
map,
posterior limb of the internal capsule, cerebral cortex,
hippocampus and basal ganglia, head of caudate, lentiform

It shows bilateral lesion and diffuse abnormal intensity of the
imagining is not predictive enough, although it can causes

v v
Malnourished ‘Well-nourished
children with low childrenwith aptimal
glycogen reserve glycogen reserve
v
»  [B-oxidation
inhibition
*  Gluconeogenesis *  Stimulationof It is some-what difficult to diagnose hypoglycaemic
inhibition glycogenolysis . .
. . Maintenance of noml encephalopathy at ear.Iy stages. But proper diagnosis
inibition blood glucose level can reduce mortality and morbidity among
*  Hypoglycaemia individuals affected with AHES. [37] Several studies
* Lackofglucose have reported that rapid blood glucose monitoring
. if;;’"nbram along with diffuse MRI imaging can be used as an
effective diagnostic tool. [37, 39, 41, 42, 43, 44-48]
Fig 3. MCPG and MCPA effect on generation of AES IV. PREVENTION

among well-nourished and malnourished children.

The studies have also described and investigated

III. IDENTIFICATION TESTS about the bearable doses of litchi fruit by reviewing
MCPG concentration. Basically around 3.9kg of
Table 4. Identification tests for acute pulp/day and 0.59-1.17 kg pulp/day can be given to
hypoglycaemic encephalopathy (AHE). adult human and children respectively. [50]
o 5 “ V. MANAGEMENT
S = 3
= © O
5 RS c . . .
@ b= _PE’ 5 Main goals of supportive treatment include
li"} é © ;a;) restoration of body fluids, electrolytes, and glucose.
= [42]Treatment comprises rapid glucose therapy,[18]
. _ intravenous glucose injection and drip, [37] dextrose
% 2 50 % n % therapy (3%, 5%, 10% and 50%) dextrose infusion
S o2 T £ gv S with 3% saline solution prevents oedema of brain
© £ x S v 6.® v = — . . .
S E% 532 ¢ ¥ ) <vf g cells, whereas 5% dextrose infusion improves
g £ o §§ B % v % ?@ — hypoglycaemia, but cannot removes toxic amino
ﬁ g g 3 o g _;% ) f) < acids accumulation in brain, [40] 10% solution in
o “E o § g3 _28 § conscious state (moderate to severe hypoglycaemia),
(a4 22 & 50% solution in unconscious state (severe
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hypoglycaemia) will helpful to normalize blood
glucose level. [49]

VI. CONCLUSION

MCPA and MCPG both are the responsible factor for
acute hypoglycaemic encephalopathy. Generally
MCPA works by blocking enzymes (short and
medium chain acyl-CoA dehydrogenase, pyruvate
dehydrogenase, glutaryl CoA and glyceraldehyde-3-
phosphate dehydrogenase) responsible for f-
oxidation and gluconeogenesis, with reduction in
hepatic ATP concentration. Whereas, MCPG blocks
the enzymes (thiolase and enoyl CoA hydratase)
involves in B —oxidation, and ketogenosis, without
affecting hepatic ATP concentration.

Thus it produces hypoglycaemia and acute
hypoglycaemic encephalopathy symptoms. But, in
this prospective role of hormones have not been
studied yet. Disease vulnerability is high among
malnourished children, especially after skipping of an
evening meal.

However, rapid blood glucose monitoring and
diffuse MRI scanning can be used as an effective
diagnostic tool along with glucose, and dextrose
therapy implementation. Although, assurance of
evening meal for children along with proper
diagnostic and corrective measures can prevent toxic
amino acid (MCPA and MCPG) induced seasonal
epidemic outbreak.

REFERENCES

[1] Huang F, Zhang R, Liu Y et al. Characterization
and mesenteric lymph node cells-mediated
immunomodulatory  polysaccharide fractions.
CarbohydrPolym 2016; 152:496-503.doi: 10.1016
/j.cabpol.2016.07.014.

[2] Nath V, Barman K, Sharma S. Acute encephalitis
syndrome and its alleged litchi connection- a
review and status. Indian J AgricSci2016; 86:283-
290.

[3] Jayaraman KS. Litchi deaths- the enigma
continues. Nature Ind pub 2017;88.doi: 10.1038/
nindia.2017.88.

[4] Sarkar T, Nayak P, Chakraborty R. Litchi (Litchi
chinensisSonn.)  products and  processing
technologies: an update.AmbSci2018; 05:11-
16.doi: 10.21276/ambi.2018.05.1.rv01.

[5] Tripathi J, Bandyopadhyay N, Hajare S et al.
Determination of tolerable dose of litchi fruit
considering reported hypoglycin A and MCPG
contents through biochemical and
histopathological evaluation in mice.CurrSci2019;
117:1292-1299.doi: 10.18520/cs/v117/i8/1292-
1299.

[6] Emanuele S, Lauricella M, Calvaruso G et al. Litchi
chinensis as a functional food and a source of
antitumor compounds: an overview and a
description of biochemical pathways. Nutrients
2017; 9:1-15.d0i:10.3390/nu9090992.

[7]1 Prakash KS, Bashir K, Mishra V. Development of
symbiotic litchi juice drink and its physiochemical,
viability and sensory analysis. J Food Process
Technol 2017; 8:1-6. doi:10.41.72/2157-
7110.1000708.

[8] Zhao L, Wang K, Wang K, et al (2020) Nutrient
components, health benefit, and safety of litchi
(Litchi chinesissonn.): a review. Compr Rev Food
Sci.Food.Saf. 19:1-25. doi:10.1111/1541-4337.1
2590.

[9] Paireau J, Tuan N H, Lefrancois R et al. Litchi-
associated acute encephalitis in  children,
Northern Vietnam, 2004-2009.Emerg Infect Dis
2012;18:1817-1824. doi:10.3201/eid1811.111761.

[10]Singh GK, Singh CM, Ranjan A et al
Determination of acute encephalitis syndrome
(AES) in Muzaffarpur district of Bihar, India: a
case-control study.Clin Epidemol Glob Health
2017; 4:181-187.doi: 10.1016/j.cegh.2016.05.002.

[11]Renjen PN, Chaudhari D, Kumar A. Litchi toxicity-
the mystery diseaseInt. J. Sci. Res 2018;7:34-
35.d0i:10.36106/ijsr.

[12]Prasad R. Toxin in litchi fruit kills children in
Bihar's Muzaffarpur. Chennai: The Hindu; 2017
Available from: www.thehindu.com/sci-tech/he
alth/Toxins-in-litchi-fruit-kill-children-in-Bihars-
Muzaffarpur/article17128731.ece

[13]Hassall CH, Reyel K, Feng P. Hypoglycin A, B:
biologically active polypeptides from Blighiasa
pida. Nature 1954; 173:356-357.d0i:10.1038/1733
56b0.

[14]Manchester KL. Biochemistry of hypoglycin.Febs
Letters 1974; 40:S133-S139.

[15]Ware GM. Method validation study of
hypoglycinA determination in ackee fruit. J AOAC
Int 2002; 85:933-937.

[16]Pitkin F, Randall S. Laboratory pattern in
hypoglycinA toxicity. Arch Clin Biomed Res 2017;
1:76-84. doi:10.26502/ACBR.5017008.

Page 6 of 8



International Journal of Science,
Engineering and Technology

Arpita Das. International Journal of Science, Engineering and Technology, 2021, 9:3

An Open Access Journal

[17]Bowen-Fobes CS, Minott DA. Tracking
hypoglycins A and B over different maturity
stages: implications for detoxification of ackee
(Blighiasapida K.D. Koenig) fruits. J Agric Food
Chem 2011; 59:3869-3875. Doi: 10.1021 /jf104
623c.

[18]Shrivastava A, Kumar A, Thomas J D et al (2017)
Association of acute toxic encephalopathy with
litchi consumption in an outbreak in
Muzaffarpur, India, 2014: a case-control study.
Lancet Glob Health.5:e459-466. Doi: 10.1016/S2
214-109X (17)30035-9.

[19]Gray D, Fowden L.x (methylenecyclopropyl)
glycine from litchi seeds. Biochem J 1962;
82:385-389.d0i:10.1042/bj0820385.

[20]John TJ, Das M. Outbreaks of hypoglycaemic
encephalopathy in Muzaffarpur, India: are these
caused by toxins in litchi fruit? Indian Pediatr
2016; 53: 399-402.

[21]Phan NT, Gouilh MA, Paireau J et al
Hypoglycaemic toxins and enteroviruses as
causes of outbreaks of acute encephalitis-like
syndrome in children, bacgiang province,
Northern Vietnam. Emerg Infect Dis 2018;
24:1435-1443. doi:10.3201/eid2408.171004.

[22]Osmundsen H, Billington D, Taylor JR et al. The
effects of hypoglycin on glucose metabolism in
the rat.Biochem J 1978; 170:337-342. Doi: 10.
1042/bj1700337.

[23]Melde K, Buettner H, Boschert W et al.
Mechanism of hypoglycaemic action of
methylene cyclo propyl glycine. Biochem J 1989;
259:921-924.d0i:10.1042/bj2590921.

[24]Melde K, Jackson S, Bartlett K et al. Metabolic
consequence of methylene cyclo propyl glycine
poisoning in rats. Biochem J 1991; 274:395-
400.doi:10.1042/bj2740395.

[25]Li D, Agnihotri G, Dakoji S et al. The toxicity of
methylene cyclo propyl glycine: studies of the
inhibitory effects of (methylenecyclopropyl)
formyl- CoA on enzymes involved in fatty acid
metabolism and the molecular basis of its

inactivation  of  enoyl-CoA  hydratase. J
AmChemSoc  1999; 121:  9034-9042.doi:
10.1021/ja991908w.

[26]Qiu Y, Perry R, Camporez JP et al.In vivo studies
on the mechanism of methylene cyclo propyl
glycine acid and methylene cyclo propyl glycine -
induced hypoglycaemia. Biochem J 2018;
475:1063-1074.doi:10.1042/BCJ20180063.

[27]Schulz H (1987) Inhibitors of fatty acid oxidation.
Life Sci 1987;40:1443-1452.d0i:10.1016/0024-
3205 (87)90375-4.

[28]Satyanarayana U, Chakrapani U. Biochemistry.
4th ed. Elsevier publisher, New Delhi 2015.p 291-
292.

[29]Hue L, Sherratt HS. Inhibition of gluconeogenesis
by hypoglycin in the rat.6th ed. Biochem J 1986;
240:765-769. Doi: 10.1042/bj2400765.

[30]Butterworth RF. Basic neurochemistry: molecular,
cellular and medical aspects. Philadelphia:
Lippincott-Raven 1999. Available from: www.nc
bi.nlm.nih.gov/books/NBK28273/

[31]1keda Y, Okamura-lkeda K, Tanaka K. Purification
and characterization of short-chain, medium
chain, and long-chain acyl-CoA dehydrogenases
from rat liver mitochondria: Isolation of the
holoandapoenzymes and conversion of the
apoenzyme to the holoenzymel. Biol. Chem
1985; 260:1311-1325.

[32]Shen YQ, Lang B F, Burger G. Diversity and
dispersal of a ubiquitous protein family: acyl-CoA
dehydrogenises. Nucleic Acids Res 2009;
37:5619-5631. doi:10.1093/nar/gkp566.

[33]Billington D, Osmundsen H, Taylor JR et al. The
effect of hypoglycin on some parameters of
glucose metabolism in the rat.Biochem.Soc.Trans
1976;4:1035-1038.d0i:10.1042/bst0041035.

[34]1Ghosh S,Basu A. Acute encephalitis syndrome in
India: the changing scenario. Ann Neurosci 2016;
23:131-133.d0i:10.1159/000449177.

[35]John TJ, Verghese VP, Arunkumar G et al.The
symptoms of acute encephalitis in children in
India: Need for new thinking. Indian J Med Res
2017; 146:158-161. doi10.4103/ijmr.J MR_1
497_16.

[36]Ikeda T, Takahashi T, Sato A et al. Predictors of
outcome in hypoglycaemic encephalopathy.
Diabetes Res ClinPract 2013; 101:159-163.
doi:10.1016/j.diabres.2013.05.007.

[37]Ren S, Chen Z, Liu M et al. The radiological
findings of hypoglycaemic encephalopathy: A
case report with high b value DWI analysis.
Medicine 2017; 96:e8425-8428. Doi: 10.1097/M
D.0000000000008425.

[38]Witsch), Neugebauer H, Flechsenhar J et al.
Hypoglycaemic encephalopathy: a case series
and literature review on outcome determination.
J Neurol 2012; 259:2172-2181. Doi: 10.1007/
s00415-012-6480-z.

[39]Kang EG, Jeon SJ, Choi SS et al. Diffusion MR
imaging of hypoglycaemic encephalopathy.

Page 7 of 8



Arpita Das. International Journal of Science, Engineering and Technology, 2021, 9:3

AJNR  Am J  Neuroradiol
564.doi:10.3174/ajnr.A1856.
[40]Prasad R. The Hindu explains: how litchi toxin is
causing the deaths of undernourished children in
muzaffarpur, Bihar: The Hindu 19th June 2019.
Available from: www. thehindu.com/sci-tech/heal
th/explainer-how-is-litchi-toxin-causing-dealths-
in-undernourished-children-inmuzaffarp
ur/article28075727.ece

[41]Kalra S, Deepak MCNarang P et al. Usage
pattern, glycaemic improvement, hypoglycaemia,
and body mass index changes with sulfonylureas

2010;31:559-

in real-life clinical practice: results from
OBSTACLE  hypoglycaemia study. Diabetes
TechnolTher  2013; 15:129-135. Doi:10.10

89/dia.2012.0237.

[42]Spencer P, Palmer V, Mazumder R. Probable toxic
cause for suspected lychee-linked viral
encephalitis. Emerg. Infect. Dis 2015; 21:904-905.
doi:10.3201/eid2105.141650.

[43]Sharma P, Eesa M, Scott J. Toxic and acquired
metabolic encephalopathies: MRI appearance.
AJR 2009; 193: 879-886. doi:10.2214/AJR.08.2257.

[44]Ma J, Kim Y, Yoo W et al. MR imaging of hypo
glycaemic encephalopathy: lesion distribution
and prognosis prediction by diffusion-weighted
imaging. Neuroradiology 2009; 51:641-649. Doi:
10.1007/s00234-009-0544-5.

[45]Schmidt P,Bottcher J, Ragoschke-Schumm A et
al. Diffusion-Weighted imaging of hyperacute
cerebral hypoglycaemia. AJNR Am J Neuroradiol
2011; 32:1321-1327. doi:10.3174/ajnr.A2464.

[46]Barabara G, Megarbne B, Argaud L et al
Functional outcome of patients with prolonged
hypoglycaemic encephalopathy. Ann Intensive
Care 2017; 7:1-9.d0i:10.1186/s13613-017-0277-2.

[47]1Choy KH, Alukaidey S.Hypoglycemic
encephalopathy: a neurologic manifestation of
hypoglycaemia. IntClin Med Imaging 2017; 4:1-2.
doi:10.4172/2376-0249.1000562.

[48]Chuang K, Hsieh KL, Chen C. Hypoglycaemic
encephalopathy mimicking acute ischemic stroke
in clinical presentation and magnetic resonance
imaging: a case reportBMC Med. Imaging
2019;19:1-5.d0oi:10.1186/512880-019-0310-z.

[49]Nehme Z, Cudini D. A review of the efficacy of
10% dextrose as an alternative to high
concentration glucose in the treatment of out-of
hospital hypoglycaemia. JEPHC 2009; 7:1-9.
Available from: https:// ajp.paramedics.org /
index.php /ajp / article / view /117

International Journal of Science,
Engineering and Technology

An Open Access Journal

[50]Sinha SN, Ramakrishna UV, Sinha PK, Thakur CP
(2020) A recurring disease outbreak following
litchi fruit consumption among children in
Muzaffarpur, Bihar-A comprehensive
investigation on factors of toxicity. Available
from http://doi.org/10.1371/journal.pone.02 447
98.

Page 8 of 8



