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ABSTRACT

Objectives: To determine the frequency of hyperglycinemia in epileptic patients taking valproic acid (VPA); and the correlation
between therapeutic dose of valproic acid and plasma glycine levels in epileptic patients.

Study Design: Observational, cross-sectional study.

Place and Duration of Study: Department of Chemical Pathology and Endocrinology, Armed Forces Institute of Pathology
Rawalpindi, in collaboration with Combined Military Hospital, Rawalpindi, from August 2020 to January 2021.

Methodology: Plasma glycine levels were analysed on ion exchange chromatography (IEC)-based instrument, Biochrome 30+
of epileptic patients undergoing treatment with anti-epileptic agents. Therapeutic doses of valproic acid were taken as serum
trough levels of valproic acid and analysed on chemiluminescence-based Abbott Architect Plus i1000 SR. Mann-Whitney U-test
was applied to compare plasma glycine levels in epileptic patients on valproic acid and those on multiple anti-epileptic agents.
Spearman’s correlation was used to correlate plasma glycine levels in epileptic patients with trough levels of valproic acid, dura-
tion of treatment and frequency of fits/year.

Results: A total of 77 participants, upto 15 years of age, were enrolled. Plasma glycine levels were significantly raised (p
<0.001) in those epileptics who were on valproic acid (monodrug therapy), in comparison with those on multiple anti-epileptic
agents. There were significant positive correlations between glycine levels and trough valproic acid levels (r = 0.830), duration
of treatment (r = 0.525) and frequency of seizures (r = 0.326).

Conclusion: Epileptic patients treated with valproic acid (VPA) had raised plasma glycine levels, that increased with thera-
peutic dose of valproic acid and duration of treatment and was associated with increased frequency of fits in those patients.
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INTRODUCTION

Epilepsy is a condition of recurrent, unprovoked seizures that
affects more than 70 million people worldwide. Epilepsy has a
huge burden onthe healthcare system of a country and affects
socio-economic aspects of a society. Epilepsy is diagnosed
with either recurrent seizures ora tendency towards recurrent
unprovoked seizures i.e. a single seizure accompanied by
evidence from clinical, electroencephalographic or neuroi-
maging tests that an increased risk (at least 60%) exists for
future seizures in next one decade. Epileptic seizures are
further categorised into generalised, focal and epileptic
spasms.’
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There are numerous causes of epilepsy due to different under-
lying dysfunctions of brain.” Epilepsy presents with variety of
symptoms with multiple risk factors; and is associated with
strong genetic predisposition.*

Anti-epileptic drugs (AEDs) are the first line treatment of
epilepsy. Anti-epileptic drugs therapy leads to fits-free in about
70% of all children with epilepsy.’ Some patients are being
treated with single anti-epileptic drug i.e. valproic acid, carba-
mazepine, levetiracetam, lamotrigine, while some patients
require combination therapy with 1 to 3 anti-epileptic drugs
with different mechanism of actions. Valproic acid is most
commonly used first line AED in treatment of epilepsies
including generalised tonic clonic seizures and partial seizures.’
Itacts by enhancinggamma-aminobutyricacid (GABA) function
only at high concentrations. Valproic acid also increases the
synthesis of GABA by stimulating glutamate decarboxylase
(GAD).” Upto 68% epileptic patients treated with valproic acid
tend to haveraised plasma glycine, due to inhibition of its major
metabolic pathway; glycine cleavage system (GCS).%Glycine is
a non-essential amino acid, performs several functions in the
central nervous system (CNS), acts both as an inhibitory as well
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as excitatory neurotransmitter.’ Glycine acts in the processing
of motor and sensory information, participates in movement,
vision, and audition. Glycine is released in central nervous
systemalongwith GABA, whichisthe maininhibitoryaminoacid
neurotransmitter in humans. Glycine also enhances excitatory
neurotransmission by potentiating the action of glutamate at N-
methyl-D-aspartate (NMDA) receptors.’ Thus, paradoxical rise
of plasma glycine levels can add in excitatory neurotransmis-
sion in epileptic patients treated with valproic acid, which can
further increase the frequency of fits and will result in failure of
achieving fits-free state with a single AED (valproic acid).’

Asthetreatmentresponse of valproic acid can vary from person
to person, frequency of hyperglycinemia and valproic acid
therapy response has not been studied in Pakistani population
sofar. Therewasaneedofcarryingoutastudy thatshould quan-
titate these results in our population. Furthermore, by docu-
menting raised plasma glycine levels in epileptic patients
treated with valproic acid, will prevent clinicians from misdiag-
nosis of non-ketotic hyperglycinemia (NKH), which is an
inherited metabolic disorder of glycine metabolism in
children.”

The aim of the current study was to determine the frequency of
raised plasma glycine levels among epileptic patients being
treated with valproic acid; and also to correlate plasma glycine
levels with therapeutic dose of valproic acid, duration of treat-
mentand frequency offits.

METHODOLOGY

It was an observational cross-sectional study, conducted from
August 2020 to January 2021, at the Department of Chemical
Pathology and Endocrinology, Armed Forces Institute of
Pathology, Rawalpindi, in collaboration with Combined Military
Hospital, Rawalpindi, with priorapproval by Ethical Committee.

WHO calculator was used for sample size calculation based on
prevalence of epilepsy in Pakistan (0.9%)."* Non-probability
convenientsampling technique was used for sampling after the
approval of Institution’s Ethical Committee approval. A total of
77 epileptic patients were enrolled in this study, further divided
into two sub-groups; group one is on monodrug therapy, i.e.
valproic acid (VPA), and group two is on multiple anti-epileptic
drugs (Multi-AEDs) therapy. Participants were enrolled after
taking informed consent with fulfillment of inclusion criteria
that included patients with diagnosed generalised tonic clonic
seizure, upto 15 years of age, taking anti-epileptic drugs for
duration = 12 months and experiencing fits on and off. Fits-free
patientsfor = 1 year, those taking any amino acid supplements,
having history of birth asphyxia, brain stroke, recent surgical
procedure, head injury, and alcohol intoxication were excluded
from this study. Annual frequency of seizures was noted on pre-
designed proforma. For plasma glycine levels, 3.5ml blood
sample was drawn in Lithium heparin tubes, centrifuged at
1500rpmfor5 minutesinrefrigerated centrifuge and separated
plasma was stored at -20C” till analysis. Then 100uL of plasma
was mixed with 100 pL of 5% Sulfasalicylic acid. Mixture was

vortexed and incubated at 4C° for 30 minute and ultra-cen-
trifuged at 10000 rpm for 5 minutes. After spin filtering of
sample mixture, supernatant was centrifuged at high
frequency, 100000 rpm, for 1 minute on micro-centrifuge.
Samples were transferred into gas chromatography vials.
Plasma glycine was analysed on Biochrome 30+ via ion
exchange chromatography (IEC). Commercially prepared
controlmaterialswererunalongwitheachbatch. Whereas, ther-
apeuticdosesof valproicacid weretakenasserumtrough levels
of valproic acid and analysed on chemiluminescence-based
AbbottArchitectPlusil000SR.

SPSS version 21 was used for data analysis. The normality of
distribution of the data was determined by Shapiro-Wilk test.
Data being non-parametric, quantitative variables were
expressed as median and IQR. Statistical comparisons were
performed using Mann-Whitney U-test. Spearman’s correlation
was used to determine correlation between plasma glycine
levels and serum trough valproic acid levels, duration of treat-
mentand frequency of fits/year. Significance was setatp <0.05
(95% confidence interval). Linear regression analysis was
applied between plasma glycine levels and serum valproic acid
levels, treatmentduration and frequency offits.

Tablel: Descriptive statistics of quantitative parameters.

N Median IQR
(25™ - 75th)

Age (years) 77 |3.08 (2.06 - 4.08)
Duration of treatment on valproic acid (months) 44 12 (12 -34)
Plasma glycine levels on Valproic acid therapy 44 518.00 (348.50 -
(umol/l) 704.50)
Plasma glycine levels taking multiple antiepileptic 33 306.00 (232.50 -
drugs therapy (umol/l) 461.50)

- 77.00 (57.75 -
Serum valproic acid levels (ug/ml) 44 86.00)
Frequency of fits/year 44 12.00 (2.00 - 3.00)

Tablell: Mann-Whitney U-test.

Plasma glycine levels p(-l\‘lllalue
i-epi i (pmol/l) ann
Anti-epileptic drugs N Whitney
Median range (25"-75") U-test)
Valproic acid 44 |518.00 (348.50 - 704.50)
Multipl ti-epilepti . 232.50 - 461.
ultiple anti-epileptic drugs 33 | 306.00 (232.50 - 461.50) <0.001
Total 77
RESULTS

Atotal of 77 patients were enrolled in this study, out of which 45
(58.4%) were males and 32 (41.6%) were females. Forty-four
(57.1%) epileptic patients were treated with valproic acid and
33 (42.9%) patients were treated with multiple anti-epileptic
drugs. Median age of all participants was 3.08 (2.06 - 4.08)
years, while their median plasma glycine level was 421.00
((281-583.5) umol/L. Median duration of treatment with
valproic acid was 12 (12 - 34) months and median serum
valproic acid level was 77(57.75 - 86.00) ug/ml. Median
frequency of fits was 2.00 (2.00 - 3.00) fits/year.

Out of 44 epileptic patients on valproic acid treatment, 34
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(77.3%) patients had raised plasma glycine levels while 10
(22.7%) had normal glycine levels. Median plasma glycine level
in epileptic patients taking valproic acid was 518.00 (IQR 356)
pumol/L. While, out of 33 epileptic patients on multi-drug
therapy, 14 (42%) patients had raised plasma glycine levels.
Median plasma glycine levels in epileptic patients taking
multiple anti-epilepticdrugs was 306.00 (IQR229.00) umol/L.

Mann-Whitney U-test was applied to compare plasma glycine
levels of epileptic patients on valproic acid therapy and multiple
anti-epilepticdrugstherapy. Theresults

as given in Table Il indicated that patients on valproic acid
therapy had significantly high levels of plasma glycine levels in
comparison with those taking multiple anti-epileptic drugs
therapy (p <0.05).

Spearman’s correlation technique was applied to assess the
correlation between plasma glycine levels and dose of valproic
acid, duration of treatment and frequency of fits. Significant
positive correlation was found between plasma glycine levels
and serum valproic acid levels (r=0.830), plasma glycine levels
and duration of treatment (r=0.525) and plasma glycine levels
andfrequency of fits (r=0.326).

Linear regression between plasma glycine levels and serum
Valproic acid levels, treatment duration and frequency of fits
areshownbelow (Figure 1).
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Figure 1: Relationship between plasma glycine levels in patients on
valproic acid, and serum valproic acid levels duration of treatment and
frequency offits

DISCUSSION

Epilepsy is a chronic disease of the brain, characterised by
enduring seizures, unprovoked by any immediate central
nervous system insult, and by the neurobiological, cognitive,
psychological, and social consequences of seizure
recurrences.” In this study, the plasma glycine levels of
patients treated with valproic acid were significantly raised as
compared to patients taking multiple anti-epileptic drugs. This

can be explained by inhibition of glycine cleavage system at
mitochondrial level by valproic acid via valproyl-CoA, as docu-
mented by Luis et al.”* or defectin receptor and brain signalling
pathway as reported by Rainesalo et al.**glycine can be formed
fromserine by areversible folate-dependentreaction catalysed
bytheenzymesglycinedecarboxylase(GDC)andserinehydrox-
ymethyltransferase (SHMT) known as glycine cleavage system
(GCS).GDCand SHMT are both responsible for the inter-conver-
sion of glycine. According to this study, frequency of hyperg-
lycinemia is high in epileptic patients being treated with
valproic acid. The present study results are substantiated by
earlier studies. A study conducted by Navarro-Quesada et al.
revealed that there was a progressive rise in plasma glycine
levelsin epileptic patients treated with valproic acid.” Inanother
study, carried out by Gago et al. concluded that thereis a signifi-
cant correlation between plasma amino acid level and valproic
acidtreatment in epileptic patients.”’Rao et al. study also stated
that plasma glycine levels of epileptic patients treated with
Valproicacid wereraised.*

This study concluded that there was a positive correlation
between the dose of valproic acid and plasma glycine levels.

Navarro-Quesada et al. study also revealed there was positive
correlation between plasma glycine levels and plasma levels of
valproicacid.’This phenomenonis likely attributed to the inhibi-
tory effect of valproic acid on plasma glycine metabolism. Luis
et al. has also described the effect of valproic acid on plasma
glycine levels metabolism, leading to raised plasma glycine
level treated with anti-epileptic drugs.”

Theresults of this study showed that there was a positive signifi-
cant correlation between plasma amino acids and duration of

valproic acid therapy in epileptic patients. Navarro-Quesada
et al. study results also revealed that there was a progressive
rise in plasma glycine levels correlating with anti-epileptic
drugs therapy.’ This study concluded that there was significant
correlation between the plasma glycine levels and frequency of
fits in epileptic patients treated with valproic acid. Tahia et al.
conducted study on patients with treatment-resistant epilepsy,
results showed that there was significant correlation between
plasma glycine level and frequency of fit."” This may be due to
multifactorial etiology and genetic variation related to phar-
macogenomics.*®

Raised glycine levels may precipitate fits, so therapeutic drug
monitoring of valproic acid should be performed of epileptic
patients taking valproic acid at six months after starting treat-
ment and annually thereafter.” Metabolic causes and genetic
associations of epilepsy must be kept in mind before treating
patients with valproicacid forlong duration.”

CONCLUSION

Epileptic patients treated with valproic acid had raised plasma
glycine levels as compared to epileptic patients treated with
multiple anti-epileptic drugs. Plasma glycine levels increased
with duration of treatment and dose of valproic acid. It is also
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associated withincreased frequency of fitsin epileptic patients.

RECOMMENDATIONS:

Therapeutic drug monitoring of valproic acid and plasma amino
acid levels need to be carried out in patients treated for long
duration, inorderto avoid precipitation of fits. Furthermore, this
known association of valproic acid with raised plasma glycine
levels preventsclinicians from misdiagnosis of any aminoacido-
pathy (NKH).”*
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