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Homocysteine is a sulphur containing amino acid resulting from

de-methylation of methionine, an essential amino acid derived from

dietary proteins. It is metabolized through two pathways, remethylation

and transsulfuration, which use as cofactors folate, vitamin B6 and vitamin

B12. Hyperhomocysteinemia has been identified as a risk factor for

cerebrovascular disease, dementia, impaired cognitive function and

depression. Several drugs may interfere with metabolic pathways of

homocysteine, leading to an alteration of plasma homocysteine levels.

Hyperhomocysteinemia has been documented in epileptic patients after

chronic treatment with antiepileptic drugs. For the present study five

epileptic patients were selected. Before the initiation of vitamin supple-

ments along with their regular medication, the FTIR spectra of the blood

plasma was recorded and their homocysteine levels were clinically tested.

They were orally administered a daily dosage of folic acid (5 mg), vitamin

B12 (250 mcg) and vitamin B6 (25 mg) supplements for a period of

two months. Efficacy of these vitamin supplements were analyzed both

clinically and spectroscopically. The FTIR spectra were recorded at the

end of the first and the second month and also the homocysteine levels

were clinically tested. The absorption values of the specific modes of

vibration pertaining to homocysteine of both pre and post-treatment

spectra were noted and the percentage of efficacy of the multivitamins

was calculated. The spectral and clinical investigation showed that the

addition of these vitamins can markedly reduce the homocysteine levels

in blood plasma.
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INTRODUCTION

Adequate vitamin intake is essential to avoid functional deficiencies. In addition

some vitamins especially those belonging to the B group are involved in the

metabolism of intermediate products and their deficiency may have detrimental

effects. Homocysteine, a sulphur containing amino acid produced in the metabolism

of the essential amino acid methionine, depends for its turnover on the availability

of folic acid and vitamin B6 and B121. Homocysteine promotes inflammation and

oxidative stress2. It enhances platelet aggregation and tissue factor activity leading

to cardiovascular disease3.
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Homocysteine is metabolized via remethylation, resulting in the formation of

methionine or via transsulfuration, resulting in the formation of cysteine and finally

taurine4. The remethylation pathway of homocysteine is strongly dependent on the

availability of folic acid in the active form of 5-methyltetrahydrofolate and vitamin

B12. The latter is essential for optimal activity of the enzyme methionine synthase,

which is responsible for methylation of homocysteine to methionine5. In the

transsulfuration pathway an essential cofactor is the active form of vitamin B6,

pyridoxal-5'-phosphate P5P. Deficiency of any of these vitamins is associated with

hyperhomocysteinemia6. Many drugs increase the level of homocysteine either by

interfering with the metabolism of folate or vitamin B6 or vitamin B127. Certain

lipid lowering drugs administered in patients with high levels of plasmatic lipids

can increase homocysteine levels8. Elevated levels of plasma homocysteine have

been documented in epileptic patients after chronic treatment with anti epileptic drugs9.

There have been a number of clinical reports about the role of vitamin supple-

mentation in normalizing homocysteine levels among hyperlipidimic and epileptic

patients10. Only a very few researchers have analyzed the efficacy of drugs spectro-

scopically11,12. The goal of this study is to determine the percentage of efficacy

spectroscopically and substantiate it with the clinically obtained results. The former

has lot of advantages and hence can be implemented as a prospective tool for the

diagnosis and monitoring of plasma homocysteine levels.

EXPERIMENTAL

A group of five epileptic patients of the same age and blood group were enrolled

for the study. They were undergoing treatment in the Neurology Department of the

Government General Hospital, Chennai. Before the administration of vitamin supple-

ments along with their regular medication, the FTIR spectra of the blood plasma

were recorded and their homocysteine levels were clinically tested. They were orally

administered a daily dosage of folic acid (5 mg), vitamin B12 (250 mcg) and vitamin

B6 (25 mg) supplements for a period of 2 months. The FTIR spectra were recorded

at the end of the first and the second month and also the homocysteine levels were

clinically tested.

Clinical analysis: 2 mL of blood of each individual were collected in EDTA

vacutainers. The blood was centrifuged immediately and the plasma was separated.

It was subjected to a clinical test (immunoassay-chemiluminescence) and the homo-

cysteine levels were measured clinically in the reference range of 10-12 µmol/L13.

Almost all the patients enrolled for the study had homocysteine levels much greater

than 12 µmol/L before they were administered with vitamin supplements (pre-treatment).

There was a marked reduction in the plasma homocysteine levels at the end of the

first month (day 30) and second month (day 60). The clinical values of the measured

homocysteine levels are shown in Table-1.

FT-IR spectra acquisition: The capillary blood samples (approximately 2 mL)

of the patients before they were administered with vitamin supplements were
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TABLE-1 
EFFICACY OF VITAMIN SUPPLEMENTS ON  

HOMOCYSTEINE AMONG EPILEPTIC PATIENTS 

Absorbance of specific modes of vibration (cm-1) 
Sample Status 

Clinical 
values 

(µmol/L) 3295 2930 2848 1656 1542 1456 1402 698 

Day 1 21.42 0.8916 0.4719 0.2535 1.4747 0.9702 0.3616 0.4880 0.1434 

Day 30 18.13 0.7174 0.3938 0.2060 1.4541 0.9463 0.3561 0.4424 0.1396 

Percentage 
of efficacy 

-15.36 -19.53 -16.55 -18.74 -1.40 -2.46 -1.52 -9.35 -2.65 

Day 60 12.15 0.7045 0.3432 0.1695 1.4315 0.9233 0.3005 0.4004 0.1175 

1 

Percentage 
of efficacy 

-43.28 -20.98 -27.27 -33.14 -2.93 -4.83 -16.89 -17.95 -18.06 

Day 1 17.95 0.7487 0.3277 0.1355 1.4544 0.9345 0.3533 0.4221 0.1524 

Day 30 14.22 0.7242 0.2776 0.1025 1.4261 0.8790 0.2725 0.3631 0.1398 

Percentage 
of efficacy 

-20.78 -3.27 -15.29 -24.35 -1.35 -5.94 -22.87 -13.98 -8.27 

Day 60 11.05 0.7133 0.2532 0.0921 1.4111 0.8010 0.2441 0.3441 0.1128 

2 

Percentage 
of efficacy 

-38.44 -4.73 -22.73 -32.03 -2.98 -14.29 -30.9 -18.48 -25.98 

Day 1 20.12 0.6801 0.3413 0.1662 1.4732 0.9189 0.2727 0.4048 0.1346 

Day 30 15.45 0.6640 0.3198 0.1101 1.4501 0.8695 0.2341 0.3641 0.1206 

Percentage 
of efficacy 

-23.21 -2.37 -6.3 -33.75 -1.57 -5.38 -14.15 -10.04 -10.40 

Day 60 13.65 0.6500 0.3058 0.1098 1.4403 0.8542 0.2213 0.3428 0.1142 

3 

Percentage 
of efficacy 

-32.15 -4.43 -10.4 -33.93 -2.23 -7.04 -18.85 -15.32 -15.16 

Day 1 17.45 0.7370 0.3344 0.1491 1.4761 0.9171 0.3463 0.3994 0.1570 

Day 30 12.90 0.6840 0.3158 0.1176 1.4515 0.8690 0.2351 0.3636 0.1221 

Percentage 
of efficacy 

-26.03 -7.19 -5.56 -21.13 -1.67 -5.24 -32.11 -8.96 -22.23 

Day 60 11.24 0.6742 0.3021 0.1032 1.4432 0.8504 0.2149 0.3541 0.1192 

4 

Percentage 
of efficacy 

-35.55 -8.52 -9.66 -30.78 -2.23 -7.31 -37.94 -11.34 -24.08 

Day 1 22.80 0.8985 0.4121 0.2238 1.4465 0.8493 0.2565 0.3251 0.1347 

Day 30 16.32 0.8742 0.4041 0.2014 1.4243 0.8123 0.2132 0.2841 0.1142 

Percentage 
of efficacy 

-28.45 -2.70 -1.94 -10.01 -1.53 -4.36 -16.88 -12.61 -15.22 

Day 60 14.45 0.8691 0.3911 0.1899 1.4144 0.8091 0.1942 0.2743 0.1021 

5 

Percentage 
of efficacy 

-36.69 -3.27 -5.10 -15.15 -2.22 -4.73 -24.29 -15.63 -24.20 

 
collected. The blood was immediately centrifuged to separate plasma from eryth-

rocytes. The samples were then stored at -20 ºC before analyses. After the samples

returned to room temperature (around 25-30 ºC) a volume of 1 mL of serum was

spread evenly over the surface of a thallium chromide pellet. The specimen was air

dried for 0.5 h prior to measuring the spectra14. The strong absorption band of water

in the mid IR-region poses hindrance and hence to eliminate this, the serum samples

were air dried. The dried serum forms a thin uniform film on the pellet15. Infrared
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transparent thallium chromide without the sample was scanned as background for

each spectrum and 16 scans were co-added at a spectra resolution of ± 1 cm-1.

The spectra were baseline corrected and they were normalized to acquire identical

area under the curves. The spectra were recorded in the wave number range of

4000-400 cm-1 on a Perkin-Elmer FTIR spectrometer at sophisticated analytical

instrumentation Facility, Indian Institute of Technology, Chennai, India. The spectra

of the patients were recorded again at the end of the first month (day 30) and second

month (day 60) after administrating the vitamin supplements.

RESULTS AND DISCUSSION

Assignment of absorption bands of plasma homocysteine: By careful inspection

of the obtained spectra (Fig. 1), several spectral parameters can be identified as

possible biomarkers for the detection of elevated levels of plasma homocysteine. The

wide multiple bands between 3300 and 2300 cm-1 corresponds to the antisymmetric

and symmetric stretching frequencies of N-H15. An absorbance peak was noticed at

3295 cm-1 due to N-H stretching vibrations. The spectra were dominated by absorbance

bands at 1542 and 1656 cm-1 i.e., the amino acid and amide I bands, respectively16.

The peak at 1542 cm-1 was due the bending vibration of NH2. The amide I band

showing a peak at 1656 cm-1 was due to stretching vibrations of C=O. The absorbance

at 2930 and 1456 cm-1 were due to the asymmetric bending and asymmetric stretching

vibrations of the CH2 molecule. The bands at 2996-2819 cm-1 were assigned to
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Fig. 1. An overlaid spectrum to show the efficacy of vitamin supplements on homocys-

teine in an epileptic patient
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symmetric and asymmetric stretching vibrations of CH2. The absorbance peak at

1480 -1360 cm-1 was attributed to stretching vibrations characteristic of amino acids

(COO–)17. The C-S vibrations resulted in a band at 570-710 cm-1 with a maximum

absorption at 698 cm-1. No significant peaks could be detected for the weak vibrations

corresponding to the disulphides (S-S) at 500-540 cm-18,19. The absorption bands

corresponding to the weak stretching vibrations of thiols (S-H) were also insignificant

due to its dimeric nature15.

Calculation of percentage of efficacy: In order to find the efficacy of folic

acid, vitamin B6 and vitamin B12 in bringing down the homocysteine levels, the

absorption values of the vibrational bands at 3295, 2930, 2848, 1656, 1542, 1456,

1402 and 698 cm-1 corresponding to plasma homocysteine of both pre- and post

treatment spectra were noted. The percentage of efficacy was calculated using the

formula:

Percentage of efficacy of vitamin supplements = ((Pre–Post)/Pre) × 100

The results are shown in Table-1.

Conclusion

The present study was undertaken to utilizing the potential of FTIR spectroscopy

in analyzing the efficacy of vitamin supplementation on plasma homocysteine levels

among epileptic patients. The specific modes of vibrations pertaining to plasma

homocystine were identified. The percentage of efficacy after 30 days and 60 days

of initiazation of vitamin supplementation were calculated using the absorption

values at the specific modes of vibration. The plasma homocysteine levels had

decreased with the progress of the treatment.The spectroscopical outcome was substan-

tiated with the clinical results. This study forms a promising basis for employing

spectroscopy in the follow-up of patients undergoing treatment for various ailments.

This technique requires a small amount of plasma and the results can be obtained in

a short duration. It is much cost effective when compared to clinical tests. It is

therefore worthwhile to continue developing spectroscopy as an effective and reliable

tool for the diagnosis and follow-up of disease pattern.
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