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Abstract 

 

Anti-fibrotic properties of ranibizumab have been well documented. As an antagonist to 

Vascular Endothelial Growth Factor (VEGF), ranibizumab works by binding and neutralizes all 

active VEGF, thus limits the progressive cell growth and proliferation. Its application in ocular 

diseases has shown remarkable desired effects, however to date its anti-fibrotic mechanism is not 

well understood. In this study, we identified metabolic changes in ranibizumab-treated human 

Tenos’s fibroblast (HTF). Cultured HTFs were treated for 48 hours with 0.5 mg/ml of 

ranibizumab and 0.5 mg/ml control IgG antibody which serves as a negative control. Samples 

from each group were injected into Agilent 6520 Q-TOF Liquid Chromatography/ Mass 

Spectrometer (LC/MS) System to establish the metabolite expression in both ranibizumab treated 

cells and control group. Data obtained was analysed using Agilent Mass Hunter Qualitative 

Analysis software to identify the most regulated metabolite following ranibizumab treatment. At 

statistical analysis of p-value < 0.01 with the cut off value of two-fold change, 31 identified 

metabolites were found to be significantly upregulated in ranibizumab-treated group, with 6 of 

the mostly upregulated have insignificant role in fibroblast’s cell cycle and wound healing 

regulations Meanwhile, 121 identified metabolites were downregulated with seven of the mostly 

downregulated are significantly involved in cell cycle and proliferation. Our findings 

demonstrated that ranibizumab abrogates the tissue scarring process and wound healing 

formation by regulating the expression of metabolites associated with fibrotic activity. In 

particular, we found that vitamin Bs are important in maintaining normal folate cycle, nucleotide 

synthesis, homocysteine and spermidine metabolism. This study provides an insight of 

ranibizumab mechanism of actions oh HTF from the perspective of metabolomics. 

 

 

1. Introduction 

 

 Application of anti-VEGF has been shown to significantly suppresses neovascularization 

and fibrosis (Kuiper et al., 2008), which are the imperative hallmark in failed trabeculectomy. 

Intravitreal application of ranibizumab had a pronounced effect in trabeculectomy, where it 

resulted in more diffuse bleb with less vascularity, thus maintaining the desired intraocular 

pressure (IOP) (Kahook, 2010). Interestingly, in vitro studies on cultured HTFs has highlighted 

the potency of ranibizumab in suppressing cell viability and impedes the production of collagen 

Type 1, fibronectin, transforming growth factor (TGF-β1) and transforming growth factor (TGF-

β2). However, ranibizumab effects on these common proteins that involved in tissue scarring are 

not well understood, thus further investigation is warranted to truly understand how ranibizumab 

affects HTF’s activity at metabolic level (Noh et al., 2014; Noh, Kadir, Crowston, Subrayan, & 

Vasudevan, 2015).  
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 As it names indicates, metabolomics is a quantitative measurement of small molecules 

which are the intermediate or end product of various cellular processes (Idle & Gonzalez, 2007; 

Schottenfeld & Fraumeni Jr, 2006). In the last century, there was rapid development of the 

separation and detection techniques of small molecules. The methods comprise of gas 

chromatography (GC) and liquid chromatography (LC) for separation and mass 

spectrophotometry for detection. This technology leads to the discovery of numerous metabolites 

which represent the biochemical pathways of carbohydrates, fats, proteins, nucleic acids or 

xenobiotics (German, Hammock, & Watkins, 2005; Johnson, Patterson, Idle, & Gonzalez, 2012) 

and an showed to be an effective tool for disease diagnosis (Claudino et al., 2007; Emwas, Salek, 

Griffin, & Merzaban, 2013; Madsen, Lundstedt, & Trygg, 2010), biomarker screening (Armitage 

& Barbas, 2014; Styczynski et al., 2007) and characterization of biological pathways (Lewis, 

Asnani, & Gerszten, 2008; Zhang et al., 2013). Hence, metabolomics has become a powerful 

platform to investigate alteration of metabolites post-treatment of certain drugs with unknown 

mechanism of action in specific cells.  On that note, to date metabolomics has not been 

systematically evaluated on post-ranibizumab treated HTFs. In this study, we aim to establish 

metabolites profile of HTFs following ranibizumab treatment using the untargeted metabolomics 

analysis. 

 

2. MATERIAL AND METHODS 

 

2.1  Human Tenon’s Explant Culture 

 

 Primary HTFs were propagated from Tenon’s capsule explanted from patients with 

primary open-angle glaucoma (POAG) undergoing trabeculectomy as previously described 

(Khaw et al., 1992). This study adhered to tenets of The Declaration of Helsinki, ARVO 

statement on human subjects, and our local government institution review board (Medical 

Research and Ethics Committee of The Ministry of Health Malaysia). 

 Patients gave their written informed consent. Primary HTFs were harvested as an 

expansion culture of the human Tenon’s explants and were propagated in Roswell Park 

Memorial Institution (RPMI) culture media (Gibco; Life Technology Grand Island, NY). Culture 

media were supplemented with fetal bovine serum (FBS), 20% of the final volume (Gibco, Life 
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Technology), penicillin 100,000 U/I, and streptomycin 10 ml/l (Gibco). The cells were 

maintained at 37°C in 5% CO in a humidified atmosphere. Only HTFs between the third and 

sixth passages were used for all experiments. Cells at the higher passage indicated altered 

morphology compared to the ones at the lower passage, and this might affect the response to 

treatment. 

 

2.2 Human Tenon’s Fibroblast Culture 

 

 HTFs were seeded in six-well plates at a density of 3×105 cells/well in complete RPMI 

culture media supplemented with 5% FBS and incubated for 24 hours in humidified environment 

at 370 C with 5% CO2. Then, the culture media was replaced with serum-free media and 

incubated further for 24 hours in the same environment. Subsequently, the HTFs monolayer was 

treated with 0.5 mg/ml of ranibizumab Novartis (Switzerland) as described by Siti Munirah et al 

(Noh et al., 2014), which has been diluted in serum-free media and incubated for 48 hours. The 

wells that served as the control were treated with control IgG antibody (Invitrogen, USA) with 

the same concentration. Once the incubation completed, supernatants were discarded. The 

following steps were performed on ice to preserve the integrity of the metabolites. Phosphate 

Buffer Saline (PBS) was added to each well to wash the HTFs monolayer and discarded. Then, 

PBS was added again into each well and the HTFs monolayer was scrapped off using cell 

scrapper. The cell extract was then transferred into centrifuge tube and centrifuged at 10,000 x g 

for 5 minutes at 40 C by using Eppendorf Centrifuge 5804R (Eppendorf, USA). These washing 

steps were repeated for three times. Upon completion of the final washing step, the supernatant 

was removed and the cell pellet was quickly stored in liquid nitrogen to snap freeze the 

metabolites present in the samples.  

 

2.3 Metabolite Extraction 

 

 The cell pellet stored in liquid nitrogen thawed at the room temperature and then 

transferred into microcentrifuge tube. Distilled water (dH2O) with pH 10 was added into each 

tube followed by addition of absolute methanol (Sigma Aldrich, USA). The cell suspension was 

agitated in a tube shaker for 20 minutes at 11,000 x g. Then, the cell suspension was sonicated 
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for one minute at 00 C. Subsequently, absolute chloroform (Merk Milipore, USA) was added into 

the cell suspension, re-suspended and vortexed. The cell suspension was sonicated again for one 

minute at 00 C. The suspension was transferred into new microcentrifuge tube and centrifuged 

for 20 minutes at 11,000 x g with 40 C. After centrifugation, different layers were separated. 

Polar metabolites were extracted in upper layer meanwhile the non-polar metabolites were 

extracted in lower layer. Upper layer and lower layer were collected and transferred to new 2 ml 

centrifuge tube and mixed thoroughly. The samples were then dried at 00 C for 120 minutes 

using Eppendorf Concentrator Plus and vortex-mixed for one minute and finally transferred to 

vials for LC/MS analysis.  

 

2.4 LC/MS Q-TOF Analysis and Data Processing 

 

 A 1 µl of samples was injected splitless into an Agilent 6520 Q-TOF Liquid 

Chromatography/ Mass Spectrometer (LC/MS) System (Agilent Technologies, USA) equipped 

with dual-ESI source. Zobrax Eclips Plus C18-ID of 1.8 µm particle size and 2.1 x 100 mm 

column dimension was used. The temperature was maintained at 400 C during the run. 

 The mobile phase consisted of two main components: (A) 0.1% formic acid in water and 

(B) 0.1% formic acid in acetonitrile. The flow rate was set at 0.25 ml/minutes and the injection 

volume was 2 µl. A linear gradient was developed over 36 minutes from 5% to 95% of mobile 

phase (B). Total run time was 48 minutes for each analysis. ESI Source setting was as follow: V 

Cap 4000 V, skimmer 65V and fragmentor 125V. Mass spectral acquisition ranger was set from 

50 to 1400 mass to charge ratio (m/z). The nebulizer was set at 45 pound per square gauge (psig) 

and the nitrogen drying was set at flow rate of 12L/minutes. Drying gas temperature was 

maintained at 3500 C. Data was acquired at rate of 2.5 spectra/seconds with a stored range of m/z 

50-1000. Internal reference ions were used to correct mass accuracy. Auto-calibration parameters 

were chosen to average 10 scans and reference mass correction was enabled throughout the run. 

In order to obtain profiles containing as many as possible for this untargeted study, the generic 

setting was chosen for both LC separation and MS analysis. Continuous internal calibration was 

done to assure the desired mass accuracy of the recorded ions. 

 Agilent Mass Hunter Qualitative Analysis software was used to process the data after it 

had been collected by Agilent Mass Hunter Workstation Data Acquisition software. Data was 
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presented by total ion chromatogram (TIC). Minimum absolute abundance was set at 1000. The 

identification of the metabolites was done by using Mass Profile professional (MPP) software 

(Agilent Technologies, USA). The metabolites that could not be identified were excluded from 

further analysis while the identified ones were collected and processed for further recursive 

analysis. Further analysis was done by Analysis of Variance (ANOVA), principle component 

analysis (PCA) and clustering test. 

 Data mining was performed by Molecular Feature Extractor (MFE) algorithm in the 

Mass-Hunter workstation software. Noise was removed by using relative height parameter which 

was set at 1% of largest peak. The setting was applied for data processing method and used to 

process all generated data files in a batch mode. Compound exchange format file were created 

for each sample and subjected for further data filtering and statistical analysis by Mass profile 

Professional (MPP). Each samples were analysed in triplicate with four biological replicates. 

 The filter (frequency analysis) was performed to determine the compounds that presented 

at 100% of the time in at least one studied group. Subsequently, filtering by ANOVA was the 

next step in selecting entities that are of significant values. In order to identify metabolites with 

differential differences in abundance between the experimental groups, data was filtered using 

fold change analysis. Fold change of 2 was used to eliminate possible discriminating compounds. 

Data recursion for the re-examination of data was automatically re-extracted to generate 

extracted ion chromatograms (EICs) using the software, followed by peak inspection on resulted 

EICs to eliminate false positive and false negative results. Finally, the confirmed metabolites 

were then statistically analysed by PCA. Compounds which distinguished the experimental 

groups were selected by frequency filtering, ANOVA and fold change analysis then qualified by 

recursion analysis.  
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3. RESULTS  

 

3.1 LC/MS Analysis 

 

 Figure 4.1 shows the chromatogram of LC/MS Q-TOF for global metabolomics analysis 

from ranibizumab treated-HTF and control groups. 851 metabolites were detected from the data 

before any filtering or test was done. These include endogenous, exogenous, identified and non-

identified small molecules. The metabolites represent wide variety of groups such as fatty acids, 

amino acids and peptides. They are involved in multiple biochemical reaction especially in 

energy and lipid metabolism (Duan et al., 2016; Neely & Morgan, 1974).  

 

 

Figure 4.1: Chromatogram of LC MS Q-TOF Analysis 
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3.2 Metabolic Profiling Using Mass Profile Professional (MPP) Software 

 

 MPP software allows comparison of differential expression of metabolites between 

different groups through a number of clustering methods including hierarchical clustering as 

shown in Figure 4.2. In this study, ranibizumab-treated HTFs group showed marked differences 

compared to control group. 

 

Figure 4.2: Hierarchical clustering view showing differences between control HTF                      

groups to ranibizumab-treated HTF groups. 

 

 

 As mentioned earlier, preliminary data showed 851 identified and non-identified 

metabolites in both control HTFs and ranibizumab-treated HTF groups. However, the non-

identified metabolites were excluded from further analysis. Finally, statistical analysis at p-value 

of < 0.01 with cut off value of two-fold change showed that 31 metabolites were significantly 

up-regulated in ranibizumab-treated HTFs group compared to HTFs control group (Table 4.1). 

Meanwhile, 121 metabolites were significantly down-regulated in ranibizumab-treated HTFs 

group compared to HTFs control group as listed in Table 4.2. The Principle Component Analysis 

(PCA) showed that metabolites from control groups and ranibizumab-treated groups are clearly 

separated and differently expressed (Figure 4.3).  
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Table 4.1: List Of Up-Regulated Metabolites In Ranibizumab-Treated HTFs Compared To 

Control HTFsAt statistical analysis of p-value < 0.01 with cut off value of two-fold change, 31 

metabolites were significantly up-regulated in ranibizumab-treated HTF group compared to HTF 

control group. 

 

  

Metabolites p value 

Oleamide 2.38E-03 

Stigmatellin Y 1.25E-03 

Ethyl 2-benzylacetoacetate 8.84E-10 

(5R,6S)-5,6-Epoxy-7-megastigmen-9-one 1.11E-04 

Spiroxamine 1.16E-03 

Spirolide D 1.86E-22 

Pipericine 2.54E-03 

Diisobutyl phthalate 2.101-03 

11-Hydroxyeicosatetraenoate glyceryl ester 3.50E-09 

Ginsenoyne K 1.88E-09 

Trimeprazine 2.86E-05 

Verimol C 1.70E-03 

6-Acetyl-2,2-dimethyl-2H-1-benzopyran 2.13E-03 

Milbemectin 3.63E-03 

1-Isopropyl-2-methylbenzene 5.03E-04 

Homodihydrocapsaicin 2.46E-05 

Artabsinolide A 2.52E-03 

Betavulgaroside I 4.05E-03 

Isolinderanolide 6.01E-03 

Serinyl-Proline 2.76E-03 

Cyclocalopin F 3.31E-04 

3-Methyl-4-phenyl-3-buten-2-one 4.42E-03 

6-Oxabicyclo[3.1.0]hexane-2-undecanoic acid methyl ester 4.99E-03 

Butocarboxim 4.34E-03 

Dodecanamide 4.88E-03 

Dioscoretine 5.40E-03 

Linalyl hexanoate 5.20E-03 

Devapamil 6.05E-03 

1-Acetoxy-2-hydroxy-5,12,15-heneicosatrien-4-one 5.74E-03 

Dihydroceramide 3.64E-04 

Glycidyl oleate 5.66E-03 
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Metabolites p value 

Armillarin 9.31E-06 

Polyoxyethylene (600) mono- ricinoleate 5.04E-08 

Nordihydrocapsaicin 2.94E-08 

C16 Sphinganine 1.73E-05 

Ergotamine 1.32E-04 

Phosphohydroxypyruvic acid 5.98E-04 

Marasmene 4.15E-07 

Stearic acid 2.88E-07 

Dioctyl hexanedioate 2.32E-03 

Thermospermine 1.24E-06 

Dodecyl butyrate 2.86E-07 

Alpha-Methylstyrene 1.54E-08 

Kanzonol K 4.32E-06 

Pirimicarb 8.14E-05 

Bryotoxin A 2.32E-06 

D-Quinovose 2.15E-07 

2-N-Undecyltetrahydrothiophene 1.74E-06 

Bakkenolide D 2.95E-07 

Auriculoside 1.53E-07 

Crassostrea Secocarotenoid 3.98E-04 

Swietenidin B 3.35E-06 

1-Aminocyclohexanecarboxylic acid 1.63E-05 

Netilmicin 5.59E-04 

Phytosphingosine 5.68E-07 

Cucurbitacin S 7.96E-04 

Epoxyeremopetasinorol 3.72E-07 

2-Methylbutyrylglycine 1.02E-05 

8-beta-Angeloyloxy-15-hydroxy-1alpha,10R-dimethoxy-3-oxo-

11(13)-germacren-12,6alpha-olide 

1.16E-03 

Octylamine 7.76E-04 

9,10-12,13-Diepoxyoctadecanoate 9.23E-06 

(3-Methylcrotonyl)glycine methyl ester 4.59E-06 

4-Ethylbenzaldehyde 2.84E-06 

Chenodeoxycholic acid sulfate 1.21E-03 

Istamycin C1 5.64E-04 

Acetyl tributyl citrate 5.24E-04 

3-Hydroxy-1-methylestra-1,3,5(10),6-tetraen-17-one 8.15E-04 

cis-3-Hexenyl trans-2-hexenoate 2.30E-06 

Piperolein B 4.29E-04 

Hexazinone 3.57E-06 

D-Glucosyldihydrosphingosine 5.77E-04 

Lucidine B 8.68E-04 
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Militarinone A 6.00E-07 

Imiquimod 2.80E-03 

15-Deacetylcalonectrin 9.75E-06 

D-Fructosazine 1.05E-05 

Germanicol cinnamate 5.95E-04 

Elaeokanine C 1.18E-06 

L-Acetopine 1.76E-05 

Aromadendrin 4'-methyl ether 7-rhamnoside 5.33E-06 

Methyl 3b-hydroxy-13(18)-oleanen-28-oate 3.53E-03 

Oleandomycin 2'-O-phosphate 4.58E-06 

Penicilloic G acid 9.19E-08 

Tetracenomycin F1 methylester 4.04E-07 

Nifurtimox 4.39E-07 

Ethotoin 5.76E-07 

Kinamycin D 1.71E-05 

Quinacetol 8.07E-07 

Phenolsulfonphthalein 7.45E-04 

Penicillin G 1.40E-06 

4-Hydroxy-3-(2-hydroxyethyl)acetophenone 4-glucoside 1.48E-06 

Methyl 2-benzamidoacetate 1.98E-06 

Amino acid(Arg-) 2.18E-05 

Daunorubicin 2.69E-06 

1-(4-Methoxyphenyl)-2-nitroethylene 2.78E-06 

Hydroxymethyl indol-3-yl ketone 3.67E-06 

Maltoxazine 3.67E-06 

Chlorobiocic acid 3.93E-06 

Penicillamine 1.07E-03 

4-Methylaminobutyrate 1.07E-03 

Phthalocyanine 5.07E-06 

Auriculine 8.59E-06 

Pantothenic Acid 7.33E-05 

Folic acid 8.28E-05 

Pterolactam 1.11E-03 

Pyrroline hydroxycarboxylic acid 1.17E-03 

Thiomorpholine 3-carboxylate 1.20E-03 

Acevaltrate 1.10E-03 

D-Biotin 8.73E-05 

Tauro-b-muricholic acid 1.09E-05 

Enrofloxacin 1.19E-05 

Chivosazole F 1.15E-05 

N'-Hydroxysaxitoxin 1.08E-05 

Nepafenac 1.27E-05 

Cystine 9.74E-05 
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Glycerylphosphorylethanolamine 1.05E-05 

Sesamin 1.14E-05 

3-Methoxy-2-(4-methylbenzoyl)-4H-1-benzopyran-4-one 1.27E-05 

2-(6'-Methylthio)hexylmalic acid 1.29E-03 

Kaempferol 3-(2G-apiosylrobinobioside) 1.67E-05 

Simazine 1.80E-05 

Macrophorin C 2.07E-05 

Cysteineglutathione disulfide 1.67E-05 

Paeoniflorin 1.61E-05 

2(1H)-Quinolinone 1.47E-05 

Melamine 4.56E-03 

Adifoline 2.51E-05 

Alizapride 1.25E-03 

5-Methoxy-3-hydroxyanthranilate 1.59E-03 

Fenpropathrin 2.57E-05 

Estazolam 3.27E-05 

Cotinine 2.49E-05 

Flonicamid 2.85E-05 

Synephrine acetonide 1.17E-03 

3-acetamidobutanal 2.84E-05 

Echinopsine 2.74E-05 

Riboflavin (Vitamin B2) 3.13E-05 

Isolimonic acid 5.59E-03 

Dihydroxyacidissiminol 5.12E-05 

Candletoxin A 5.03E-05 

Elenaic acid 4.15E-05 

1-alpha-Acevaltrate 4.34E-05 

Agnuside 5.15E-05 

Biotripyrrin-b 5.46E-05 

1D-1-Guanidino-3-amino-1,3-dideoxy-scyllo-inositol 5.38E-05 

trans-O-Methylgrandmarin 5.98E-05 

Gerberinol 1.21E-03 

Streptidine 4.40E-04 

Spermidine 9.97E-06 

3-hydroxy-cis,cis-muconic acid 1.39E-03 

Pinacidil 2.81E-05 

Fluconazole 6.53E-04 

2-Dodecylbenzenesulfonic acid 7.28E-06 

Methyl 5-hydroxyoxindole-3-acetate 1.28E-04 

Table 4.2: List Of Down-Regulated Metabolites In Ranibizumab-Treated HTFs Compared To 

Control HTFs At statistical analysis of p-value < 0.01 with cut off value of two-fold change, 121 

metabolites were significantly up-regulated in ranibizumab-treated HTF group compared to HTF 

control group 
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Figure 4.3: Hierarchical clustering view showing differences between control HTF groups to 

ranibizumab-treated HTF groups. From the up-regulated list, six metabolites were identified as 

the most up-regulated metabolites in ranibizumab-treated-HTFs. 

 

 

 From the up-regulated list, 6 metabolites were identified as the most up-regulated 

metabolites in ranibizumab-treated-HTFs as shown in Table 4.3. However, none of the profiled 

metabolites have a noteworthy role in fibroblast’s cell cycle and wound healing regulations. On 

the other hand, 7 metabolites from the down-regulated list have been identified to play 

significant role in cell proliferation and growth (Table 4.4). Among the selected markers, we 

found that they are worthy for further investigation. Therefore, we would like to discuss their 

roles in wound healing and fibroblast cell cycle associated with ranibizumab treatment. 
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Metabolites p-value 

Ethyl 2-benzylacetoacetate 8.84 x 10-10 

Spirolide 1.86 x 10-22 

11-Hydroxyeicosatetraenoate glyceryl ester 3.50 x 10-9 

Ginsenoyne K 1.88 x 10-9 

Trimeprazine 2.86 x 10-5 

Homodihydrocapsaicin 2.46 x 10-5 

 

Table 4.3: List Of Most Up-Regulated Metabolites In HTFs-Treated Group. From the up-

regulated list, six metabolites were identified as the most up-regulated metabolites in 

ranibizumab-treated-HTFs. 

 

 

 

 

 

 

 

 

 

 

Table 4.4: List Of Most Down-Regulated Metabolites In HTFs-Treated Group. From the down-

regulated list, seven metabolites were identified as the most down-regulated metabolites in 

ranibizumab-treated-HTFs. 

 

 

 

 

 

 

 

  

Metabolites p-value 

Pantothenic acid 7.33 x 10-5 

Folic acid 8.28 x 10-5 

Arginine 2.18 x 10-5 

Cysteine 9.74 x 10-5 

Spermidine 9.97 x 10-6 

C16 Sphinganine 

D-Biotin 

1.73 x 10-5 

8.73 x 10-5 
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4.  DISCUSSION 

 

This study was driven by the needs to understand the mechanism of ranibizumab in 

regulating wound healing process following trabeculectomy. Wound healing is known as a 

complex cascade which comprises of four major steps that are coagulative, inflammation, 

proliferation and remodelling phases (Van Bergen et al., 2011). It involves numbers of growth 

factors, cytokines and chemokines and due to its complexity and prolonged process, wound 

healing provides many target sites for possible wound modulation. Due to the known roles of 

ranibizumab in regulating cell cycle and wound healing process, here we present the distinction 

of metabolites involved in those processes between ranibizumab treated-HTFs with the untreated 

HTFs. 

Spermidine, a family member of polyamine was implicated as the most significantly 

down-regulated metabolite in ranibizumab treated-HTF. It is known to has pleiotropic effects on 

cell physiology and play significant role in cell differentiation and proliferation, particularly in 

fibroblast (Gahl & Pitot, 1978; Pegg, Borchardt, & Coward, 1981). Synthesis of spermidine is 

enhanced in cells undergoing rapid growth activity as demonstrated in rat liver, mouse parotid 

gland, human diploid fibroblast and 3T3 mouse fibroblast (Liang, Ekblad, Hellstrand, & Nilsson, 

2004; McCORMACK, Viar, Johnson, & Physiology, 1993; Rupniak & Paul, 1978). Disruption 

in spermidine level will lead to total inhibition of protein synthesis and growth arrest as reported 

in HeLa cell (Mandal, Mandal, Johansson, Orjalo, & Park, 2013). Additionally, Rupniak et al 

has reported that the inhibition of spermidine synthesis by methylglyoxal-bis (guany1hydrazone) 

(MGBG) led to growth arrest at G1 phase in rat embryo fibroblast (REF)(Rupniak & Paul, 

1978). The level of arginine, a precursor amino acid involves in spermidine synthesis (Witte, 

Barbul, & Regeneration, 2003) was also found to be significantly lower in ranibizumab treated-

HTFs group than the control group. Both arginine and spermidine have been pointed as an 

important component in polyamine biosynthesis. The conversion of arginine to ornithine by 

arginase will initiates the polyamine metabolic pathway. Subsequently, the biosynthesis of 

spermidine will be mediated by the key enzyme ornithine decarboxylase (ODC) which converts 

ornithine to putrescine and subsequently spermidine and spermine with the presence of N1-

acetylspermidine and N1-acetylspermin enzymes (Jänne, Pösö, & Raina, 1978; Tabor & Tabor, 

1976; Williams-Ashman & Pegg, 1981). 
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In the current study, the level of pantothenic acid, D-Biotin and folic acid were lower in 

ranibizumab treated-HTF groups than in control groups. These vitamin B complex derivatives 

are important in wound healing process. They act as a co-factor in a numbers of enzyme systems 

and their absence may disrupt normal protein, carbohydrate and fat metabolism.  Biotin is one of 

the best studied vitamin related to mitochondrial functions and its deficiency in human may lead 

to impair mitochondrial functions and accelerate oxidative stress formation and aging process 

(Dakshinamurti, Sabir, Bhuvaneswaran, & biophysics, 1970; Said, 2002; Said, Horne, & Mock, 

1990). Depletion in biotin will inhibit Heme synthesis and impairs mitochondria functions in 

human lung fibroblast as reported by Atamma et al (Atamna, Newberry, Erlitzki, Schultz, & 

Ames, 2007). In addition to that, deprivation in pantothenic acid and folic acid have been 

reported to cause a decrease in white cell functions which may have deleterious effects in human 

wound healing formation as reported by Koros et al (Koros, Axelrod, Hamill, South, & 

Medicine, 1976).  

Certain amino acids are particularly important in wound healing. Cystein is known to be 

a critical component of terminal peptide where it functions as a cofactor for enzyme processes in 

the formation of intracellular collagen molecule. Cysteine is biosynthesized from methionine in a 

process called transulfuration, where homocysteine is catalysed to form cystathionine. 

Cystathionine is then cleaved by γ-cystathionase to produce cysteine. Therefore, it can be 

conclude that level of cysteine is best to represent homocysteine metabolic rate (Medina, 

Urdiales, & Amores‐Sánchez, 2001). Cysteine-rich domains of the Muc3 mucin stimulate cell 

migration in vitro and accelerate wound healing in vivo and vice versa as demonstrated by Ho et 

al (Ho et al., 2006). C16 Sphinganine is one of intermediate molecule in ceramide metabolism. 

Ceramide is the bioactive sphingolipids that regulates many cellular activities including 

apoptosis, proliferation, and differentiation (Kolesnick & Krönke, 1998; Spiegel & Merrill Jr, 

1996). Marked increase in lipid component, particularly ceramide has been reported in 

progressive wound healing of dermal fibroblast (Holleran et al., 1991; Türkmen, Çavuşoğlu, 

Çavuşoğlu, Yapar, & Yalçin, 2009). In fact, upon wound formation, intracellular level of 

sphingolipid was increased by the activation of ceramide-generating enzymes which in turn 

increased the expression of perixosome proliferator-activated receptor-ß (PPAR-ß) and 

subsequently accelerate wound healing processes (Candela, Barker, & Ballou, 1991; Tan, 
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Michalik, Desvergne, & Wahli, 2004; Werner & Grose, 2003). Thus, suppression in lipid level 

may lead to delayed in wound closure (Altavilla et al., 2001).  

 The interrelation of the above metabolites has been well studied and documented, where 

they are all involved in folic acid metabolic cycle, homocysteine and spermidine metabolism. In 

folic acid metabolic cycle, dietary dietary folic acid (Vitamin B12) will undergo series of 

metabolic processes to produce 5-methyl tetrahydrofolate (THF), which then is demethylated and 

combined with homocysteine to form methionine. Subsequently, methionine is transformed to S-

adenosyl methionine (known as AdoMet or SAM) and converted to decarboxylated S-

adenosylmethionine (Dc-AdoMet), which is an important substrate involved in the biosynthesis 

of polyamine. Dc-AdoMet is used as an aminopropyl group donor either to putrescine by 

spermidine synthase to produce spermidine. Since all the metabolic processes discussed above 

are integrated, we speculated that ranibizumab may interfere in more than one metabolic process 

associated to wound healing. Disturbance in an ideal level of the metabolites will eventually 

impedes the fibroblastic activity, thus abrogate wound healing process and scar formation. 

 

4.0 CONCLUSION 

Properties of the metabolites discussed above provide significant evidences to correlate 

with our findings. Down-regulation in the said metabolites reduce fibroblastic activity and well-

served the objectives of ranibizumab application. Collectively, we speculated that ranibizumab 

abrogates the tissue scarring process and wound healing formation in HTF by regulating the 

expression of several metabolites associated with fibrotic activity. More intensive studies on the 

metabolites will be carried out to understand the mechanism of action of ranibizumab as an anti-

fibrotic agent in trabeculectomy. 
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