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ABSTRACT 

Lennox-Gastaut Syndrome (LGS) is commonly characterized by a triad of features including multiple seizure types, 

intellectual disability or regression. The long-term prognosis for LGS is generally poor due to uncontrolled seizures. 

During the time of such abnormal vibrations, both the seizures and the lungs suffer a lack in oxygen content to a 

considerable extent. These result in prolonged vibrations and loss nervous control. As a neuro-lung protective 

strategy, a novel attempt has been made to enrich both seizures and lungs with oxygen content through the 

support of Perfluorodecalin (an excellent oxygen carrier) C10F18 (PFD) along with an enhancement in the 

antiepileptic activity by the two chosen antiepileptic drugs (AEDs) Carbamazepine (CBZ) and Benzodiazepine (BDZ). 

High Performance Liquid Chromatography (HPLC), Gas Chromatography – Mass Spectrometry (GC-MS) and Energy 

dispersive X-ray Spectroscopy (EDS) studies on the emulsion produced by the sonication of both CBZ+PFD, 

BDZ+PFD has been made to explore the possibility of multiple number of fluorine atoms to be physically present 

though not as complete organized chemical reaction. The enrichment of oxygen content and the antiepileptic 

activity is expected to be taken care by both PFD and the chosen drug respectively. 

Keywords: Antiepileptic drugs; Seizures; Perfluorodecalin; Oxygen carrier; High Performance Liquid 

Chromatography; Gas Chromatography – Mass Spectrometry. 

1.  INTRODUCTION 

Lennox-Gastaut type of syndrome is complex epilepsy occurring due to abnormality in seizures. Lennox-

Gastaut type of seizures that affects the Central Nervous System (CNS), are facing drug administration 

problems. Control of seizures is difficult [1-5]. An unexpected disharmony in seizures results in epilepsy. 
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Drugs that are most preferred and prescribed for such kind of disease causes adverse side effects. 

Further any new drug for that matter faces such problems and their effectiveness on the affected 

seizures is still an unsolved problem [6-12]. 

 Though the valid reasons for the abnormal behavior of seizures, at any particular time, are still a 

mystery, there seems to be an in adequacy in the supply of oxygen content to both the seizures and 

lungs. Patients affected by such problems, happens to find it difficult to breath freely, tends to lose the 

nervous balance. Seizures, at the time of abnormal vibrations, too lack in oxygen content and hence the 

abnormal vibrations prolongs for a longer period of time [13-17]. 

 In the present work, as a Neuro-Lung protective strategy, a novel attempt has been made 

through the phenomenon of oxygen enrichment to both seizures (brain) and lungs simultaneously with 

the support of Perfluorodecalin C10F18 (PFD).  At the same time the antiepileptic activity is expected to 

enhance through the chosen antiepileptic drugs (AEDs), Carbamazepine (CBZ) and Benzodiazepine 

(BDZ). Though Valproate, Topiramate and Lamotrigine are to be first line drugs, CBZ and BDZ are chosen 

for this study because of their simple chemical structure Figures 1(a), 1(b) respectively and could be 

more adoptive to accommodate such fluorinated compounds. 

To achieve this, either one has to come out with a novel drug containing Perfluorodecalin (PFD) 

and the suitable Antiepileptic Drugs (AEDs), both as single organized structure (in the form of a single 

crystal) or try to convert both the drug and the Perfluorodecalin (PFD) into an emulsified mixture and 

determine simultaneously their predominant contents through Chromatographic and EDS analysis. 

David S.Hage et al.,[18-19] have made quite a good number of studies using chromatographic analysis, 

to prove it to be a powerful technique for such works.                                                    

The above first idea is purely optional because, PFD is absolutely neutral by structure Figure 1 

(c). It is quite difficult to break any of its bonds and to make it reactive with either CBZ or BDZ. Though 

the neutral structure of PFD is not so conducive for perfect chemical reactions, the basic reason for 

choosing C10F18 is due to the fact that it is an excellent oxygen carrier and chemically it is highly 

electronegative. The role of PFD in Cardiopulmonary by- pass, lung ventilation, ventilation fluids, cell-

culture supplement, diagnostic imaging agents, drug formulation and targeting agents were extensively 

proved [20-25]. Hence the choice of Perfluorodecalin is thus justified. 

Addition of fluorine atom to any drug not only helps to enrich the oxygen content at the active 

site but also a) reduces the toxicity of the drug b) increases the solubility c) reduces the melting point d) 

more adoptive structure and so on [26-27].  Apart from this capacity, addition of one or more number of 

fluorine atoms in any basic structure could drastically enhance its biological activity.   

 

 In spite of all these applications their perfect neutral chemical structure is not supportive for any 

chemical reaction with any compounds.  The only effective way to use them is to convert them into an 

emulsion. There are decent numbers of studies substantiating the excellent oxygen carrying capacity of 

PFD in emulsified form [28-35]. Based on the above said facts the second idea is more vulnerable.   

2. EXPERIMENTAL  
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2.1. Materials and Methods 

Carbamazepine (CBZ), Benzodiazepine (BDZ) and Perfluorodecalin (PFD) used were generic 99% pure 

from sigma-Aldrich. They were utilized as received without any further purification. HPLC grade 

Acetonitrile and Deionized water obtained from Merck scientific Inc was used for HPLC analysis.  

             The study involves three steps. In the first step, the emulsion of 10 mL of perfluorodecalin (PFD) 

were prepared by sonication using a probe sonicator, PCI model KS-250F. The sonication was performed 

with 5 KHz sweep frequency for about two minutes, in continuous phases and duty cycle at 40%, 

keeping the tube immersed in dry-ice cage to avoid the over-heating of the sample during sonication 

process. Surfactants were deliberately avoided.  The emulsion is then mixed with 10 mg of CBZ and BDZ 

exclusively and sonicated for another one minute with above mentioned specifications. The two sets of 

emulsion were preserved at  -150C in a cryostat for ten days. To create thermal agitation in the mixture 

the sample is removed from the cryostat and placed at room temperature at every two days interval.   

 In the second step, a part of the CBZ+PFD, BDZ+PFD emulsion were exclusively diluted. The 

remaining part is allowed to undergo slow evaporation. Once they form powder it is dried using nitrogen 

incubator and separately dried at nearly 1000C for about a minute to get complete dry powder.  In the 

third step, the diluted samples were subjected to HPLC and GC-MS analysis. The obtained powder has 

been subjected to EDS analysis. The interaction of Perfluorodecalin (PFD) and the drugs were 

investigated using HPLC, GC-MS and EDS studies. 

2.2. Apparatus 

Chromatographic Analysis was performed by Shimadzu make LC-2010 RP-HPLC –LC-2010 HT module 

instrument. The chromatographic system consisted of an isocratic, gradient pump and UV100 

absorbance detector. Chromatographic Data were collected and processed using a Lab solution LC-

solution. The GC-MS analysis was examined by GC-MS – Bruker CP-8410 GC with SCION detector has 

been used. The EDS analysis was performed in TESCAN microscope at the operating voltage of 10-20 kV. 

The images were processed with VEGA 3 software system and then probed.  

2.3. Chromatographic and GC-MS Procedures 

Chromatographic separation was performed using X-terra C18G, 250mmx4.6mm, 5µm column. The 

mobile phases were composed of Acetonitrile, Deionized water in the ratio of 40:60 v/v. In order to 

make the dissolution more sensitive and accurate, the mobile phase is filtered through 0.22µm 

membrane filter paper and degassed by sonication for 15minutes. Samples were injected at a constant 

flow rate of 1 mL/min for 15 minutes. The column was maintained at 250C and 20µL of samples were 

injected onto the column. The U-V wavelength set for CBZ at 215nm and BDZ at 240 nm. 

 GC-MS is a powerful qualitative technique for the determination of mass. The retention time 

was set to 20 minutes. The column was set to BR-5ms, 15mx0.25mm and the ID DF = 0.25, 5% Phenyl 

and 95% Dimethyl Polysiloxan. The injection volume was 1 µL and the ionization was Electron impact 

ionization with the ionization-energy to be 70eV. 
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3. RESULTS AND DISCUSSION 

3.1. HPLC Chromatogram Analysis 

Optimization of separation condition for CBZ+PFD, BDZ+PFD emulsion was carried out in HPLC system. 

The specifications were mentioned in the previous section. Since we have only two components to be 

separated, we choose gradient elution. Figures 2, 3 represent the chromatograms of CBZ+PFD and 

BDZ+PFD emulsion respectively. The chromatogram exhibits a single sharp tall peak at a retention time 

of 2.837 for CBZ+PFD (Figure.2). The retention time of CBZ is generally above 6 [19, 36-38], whereas for 

retention time of PFD is 1.78. The interesting fact is that, PFD is insoluble in any of the solvent which are 

widely used for HPLC studies. The sharp tall peak at Retention Time (R.T) is 2.837 almost lies between 

the R.T of antiepileptic drugs, Nitrazepam is 2.74 and Chlorobenzodiazepine is 3.72 [39, 40]. This is an 

indication of the halogen like physical presence of adequate fluorine content along with the drug 

content which is the most anticipated result.  

 In the case of BDZ+PFD, we do with the same conditions of optimization. In this case too a 

single sharp tall peak is observed at Retention Time (R.T) is 1.432 (Figure.3). This again lies between the 

R.T of antiepileptic drugs Chlordiazepoxide (1.32) and Bromazepem (1.76) [39], which is close to that of 

PFD, indicating the physical presence of halogen like substance specifically fluorine in this case. 

 3.2. Gas Chromatography – Mass Spectrometry (GC-MS) Analysis: 

Figure 4 and 5 represents the Gas chromatogram of CBZ+PFD and BDZ+PFD emulsion respectively.  

Figure 6 and 7 represents the Mass-Spectrogram of CBZ+PFD and BDZ+PFD emulsion respectively. The 

ultimate aim of this study is to identify at least the physical presence of adequate Fluorine content along 

with the drug. Since HPLC is not much suitable for PFD, GC-MS study has been made. Interestingly, the 

drug part is identified by the Gas-chromatography and the PFD (Fluorine) part identified by Mass-

spectrograph. 

The Gas Chromatogram (GC) peak identified at 11.7minutes for both CBZ+PFD and BDZ+PFD 

mixtures (Figure 4, 5) [41, 42] were pertaining to drug. There exist multiple peaks in the case of BDZ. 

This may be due to the fact that BDZ shows much involvement in substituting more of its Hydrogen by 

Fluorine.   

The Mass Spectrogram (MS) peak observed at nearly 150 is the fragment of C10F18 (C3F6) as 

shown in Figures 6 and 7. This supports the adequate presence of fluorine content which is the most 

expected result. Though the completed organised chemical reaction is much difficult, the co-existence of 

both PFD and the drugs are very much evident. 

3.3. Energy dispersive X-ray Spectroscopy (EDS) Analysis 
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HPLC and GC-MS result are much complementing with each other, the first is more drug sensitive and 

the second is more PFD sensitive.  EDS spectrums of CBZ+PFD and BDZ+PFD emulsion were reported in 

Figure 8 and 9 respectively. To doubly confirm the physical presence of both the drug and PFD together 

we perform EDS. The report is very much enthusiastic and highly encouraging (Figures. 8, 9). There is a 

distinct indication of a) excess Carbon content (both drug and PFD) b) Nitrogen and Oxygen of the drug 

and c) the presence of Fluorine in CBZ+PFD and BDZ+PFD mixtures. 

From these analyses, the co-existence of excess fluorine and drug ensure tremendous oxygen 

uptake by both the anatomical system and the drug thus protecting Neuro-Lung. This is in turn supports 

the Neuro-Lung protective strategy.  

4. CONCLUSION 

The expectation of both Perfluorodecalin along with any of the Antiepileptic drugs as a single organized 

crystal with a definite structure is farfetched. This is because of the basic fact that Perfluorodecalin 

possess a highly neutral structure. But its high electro negativity helps to co-exist with any chosen 

antiepileptic drug. Its physical presence along with the drug is unto itself a great support for the result to 

be achieved. That is,  incorporation of one or more fluorine atoms into a compound or to be physically 

present along with the compound can have a dramatic effect on its chemical and physical properties, 

and fluorinated molecules are of considerable significance in a delivering more oxygen content to 

affected parts of the body and also to the lungs. This intention is well established by the above said 

results.   

The difficulty in identifying a complete chemical activity is may be due to the fact that PFD is a 

perfect non-polar liquid, whereas our drug is a polar solid. Hence an attempt to come out with a neuro-

lung protective strategy, that involves enrichment of both seizures and lungs with oxygen content 

through the support of perfluorodecalin (an excellent oxygen carrier) C10F18 (PFD) along with an 

enhancement in the antiepileptic activity should complement the control of prolonged an harmonic 

vibrations specifically in Lennox-Gas taut type of seizures. 
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            c) Perfluorodecalin 

Figure 1. (a-c): Chemical structure of a) Carbamazepine b) Benzodiazepine  c) Perfluorodecalin 

 

 
 

    Figure 2: Typical Chromatography of CBZ+PFD Emulsion 
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         Figure 3: Typical Chromatography of BDZ +PFD Emulsion 

 

 
 

Figure 4: Gas Chromatogram of CBZ+PFD Emulsion 
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Figure 5: Gas Chromatogram of BDZ+PFD Emulsion 

 

 
                           Figure 6: Mass-Spectrogram of CBZ+PFD Emulsion 
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                      Figure 7: Mass-Spectrogram of BDZ+PFD Emulsion 

  

Figure 8: EDS spectrum of CBZ+PFD Emulsion 
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Figure 9: EDS spectrum of BDZ+PFD Emulsion 

 

 


