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Nadia Mudher Al-Hilli*, Haydar Hashim Al-Shalah, and Mohammed Abbas Hasan.

188. Study on Catalytic Bio-Digestion of Sugarcane Bagasse Fiber.

Yeshashwini T, and Debjyoti Sahu*.

189. Changes in Blood Pressure during Extracorporeal Shock Wave Lithotripsy (ESWL) on Nephrolithiasis Patients in H. Adam Malik
Hospital, Medan, Indonesia.

*Zulkifli Rangkuti, Edy Fachrial, Ramlan Nasution, and Syah Mirsya Warli.

190. Evaluation of Transport Accessibility as a Basis to Improve the Life Quality of Mobility Impaired Groups of People.
Sergey Alexandrovich Ertman*, Juliya Alexandrovna Ertman, Ilya Alexandrovich Anisimov, and Vera Anatolyevna Svistunova

191. Comparison the effect of two methods, patient controlled analgesia and non-steroidal anti-inflammatory drugs after elective
cesarean: A Patient Education Program.

NeginRezavand, Roya Raeisi, Ali Reza Ghorbani, and MajidAhmadi*.
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192. Gel Dosimetry By Medical Imaging Modalities And Future Of Molecular Imaging

Hossein Masoumi*.

193. Some Principal Issues of Molecular Techniques in Health Research: Facilitators and Barriers, Advantages and Disadvantages.

Masoomeh Bakhshayesh*, Anahita Moaveni, S. Amir Yazdanparast, andGelareh Vahabzadeh.

194. Survey of Image Segmentation Algorithm for Medical Images: Challenges and Methodologies.

Chinmayi P, Prabukumar M, and Agilandeeswari L*.

195. Epidemiological and Diagnostic Study for the causes Swimmer's itch in AL-Najaf AL-Ashraf Governorate.

Jassim Hameed Rahma*, and AI-KuzaaySafaa Rahim Khadoom.

196. Morphometrics and morphological comparative study of three natural populations of Zizyphus Lotus.

Rais C, Lazraq A, Houhou M, Elhanafi L, Fennane A, El Ghadraoui L, Mansouri I, and Louahlia S *

197. Plasmid curing pattern of nosocomial pathogens of intensive care units (ICU) in Zagazig University Hospital
Soheir Saad Abd El-Salam*, Mohammed Farouk Ghaly, Ahmed Anwar Shahen, Mahmoud Mostafa Amer, and Sanaa Atef Abdelkader.

198. Improvements Availability Phosphorus (P) On Acid Soil Through Utilization Of Phosphorus (P) Solubilizing Microbial And Organic
Matter.

Muh. Jayadi*, Burhanudin Rasyid, Asmita Ahmad, Rina Mariana, and Ahdin Gassa.

199. The antidiabetic effect of Moringa oleifera leaves extract on some biochemical paramers of diabetic rats induced alteration in
cytoskeletal desmin of cardiomyocytes.

Nabila I. El-Desouki*, Mohamed A. Basyony, Mona M. Hegazy, and Mohamed S. El-Aama

200. IR Spectroscopic Study of Substances Containing Iodine Adduct.
Denis Barinov V,Kuralay Bekesheva B*, Gulbaram Ustenova ?,AsselKurmanalieva R, Assem Kalykova S, and Alexandr Ilin I.

201. Influence of Microencapsulation Technology on The Morphological and Biopharmaceutical Characteristics of Phenibut Microcapsules.

Yuliya Polkovnikova*, Alexey Slivkin, Kseniya Koryanova,and Ekaterina Tretyakova.

202. Role of diazepam on stress- related changes in rat liver cytoskeletalIntermediate filaments and CD34 expression.

Nabila I El–Desouki*,  Gabry MS, Nagi HM,  and Idrris H Mohamed

203. Platelet aggregation under the influence of some dithiocarbamate derivatives of 9, 10-anthracenedione

Halenova TI*, Nikolaeva IV, Stasevych MV*, Zvarych VI, Lunin VV, Novikov VP, and Savchuk OM

204. Experimental Investigation of Passive Cooling using Solar Reflective Paint (SRP) coating.

Gopalakrishnan R*, Seralathan S, Hariram V, Mohammed Raffiq A, and Mohan T

205. Antiviral Activity of Marine Sponges Homaxinella tanitai and Microxina Subtilis against Hepatitis C Virus.

Suciati*,Irsyad Abdillah, Muhammad Ihsan Uddin, Achmad Fauzi, Myrna Adianti, and Achmad Fuad.

206. The Effect of Combination of Methacrylic Acid Copolymer L Type and S Type 0n the Physical and Chemical Polymer Properties

Sugiyartono, Widji Soeratri, and Muhammad Zainuddin

207. Multi Variable Speed Control of Induction Motor Using Z-Source Inverter.

Ravi Kumar DNS, and Hema Devi J.

208. Intelligent Power Management for Residential Buildings Using Sensor Networks and Zigbee Pro.

Ravi Kumar DNS, and Hema Devi J.

209. Drivers Safety For Alerts On Pot Holes and Humps on Road a Cloud Based Approach.

Ravi Kumar DNS, and Hema Devi J.

210. Partial Synthesis of Farrerol As Antibronchitis Agent from Matteucinol Isolated from The Fern Chingia sakayensis Using Hydrobromic
Acid Reagent.

Suyatno Sutoyo*, Nurul Hidajati, Erika Widiarini,and Anandya Wahyuningtyas.

211. Citrate Capped Silver Nanoparticles Based Liquid Crystals-Spectroscopic Characterization.

Sivaram K, Tejaswi M, Rao MC, and Manepalli RKNR*
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212. Review on Characterization of Poly Butyl Succinate Based Biodegradable Composites

Mohit Arora, Akshay Ahuja, and M. Ramachandran.

213. Study on Palliative Care Services in A Tertiary Care Hospital

Naveen Kumar, Swapna BV*, and Prithvi Rao HT.

214. Enhanced tannase production by Kluyveromyces marxianus NRRL Y-8281 under solid state fermentation of olive oil cake.

Shadia A Fathy, Mona M Rashad, Magda K Ezz, Amira T Mohammed, and Abeer E Mahmoud*.

215. Synergistic effect of copper and organic acids on growth of E. coli and Salmonella sp. from fresh fruits and vegetables.

Balagopal Amrutha, Kothandapani Sundar, and Prathapkumar Halady Shetty*.

216. Validation of High-Performance Liquid Chromatography Method for Simultaneous Determination of Vitamin C and Folic Acid in
Multivitamin Tablet.

Febri Annuryanti*, Tiara Vista Ramadhani, and Riesta Primaharinastiti.

217. Development of Technology for Multicomponent Brine.
Abzhanova Sholpan A*, Baibolova Lyazzat K, Matibaeva Ainur I, Zhetpisbaeva Bagila Sh, Rskeldiev Berdan A, and Mukhtarkhanova

Rauan B

218. Studies on the effect of olive mill waste on pre-harvest and plant fungal diseases.

Nadia G El-Gamal, Sherien MM Atalla*, and Aliaa R El-Shamy

219. Assessment of Nurses' Documentation in Surgical Wards at Baghdad Governmental Hospitals

Fatma Makee Mahmood*.

220. Association of TNF-a genotype with Rheumatoid Arthritis patients in Iraq.
Mona Al-Terehi, Nabil Mohamed Jawad, Abu Amar Zaidan, Israa H. Mohcen,Haider K. Zaidan, and Ali H. Al-Saadi.

221. Analysis of single or combination of factors causing carpal tunnel syndrome.

Sangameswaran TK, Syed Safina SS, Raveendran SR*, and Radhika M.

222. Clinical Signs and Panoramic Radiographs as a Diagnostic Tool for Eruption Disturbance of Permanent Maxillary Canines.
Gabriela Kjurchieva Chuchkova*, Lidija Kanurkova, Cvetanka Bajraktarova Mishevska, Snezana Pesevska, Vesna Jankulovska,

Aleksandar Grcev, Evdokija Jankulovska

223. Toxicity of Citronella Grass Essential Oil (Cymbopogon nardus (L.) Rendle) to Female and Nymph German Cockroaches (Blattella
germanica (L.))

Robby Jannatan, Resti Rahayu*, Henny Herwina, and Nasril Nasir.

224. Pharmaceutical Microbiology and Biotechnology Cultural Conditions Affect the Growth of Endophytic Fungi Aspergillus fumigatus and
Improve Its Total and Bioactive Metabolite Production.

Puji Astuti*, Dyah Aryantini, Willy Tirza Eden, and Wahyono.

225. Heavy Metals in Freshwater Ecosystem of the Kenon Lake (Transbaikal Territory, Russia).
Gazhit Ts. Tsybekmitova, Alexey P. Kuklin, Natalya A. Tashlykova*, Ekaterina Yu. Afonina, Balzhit B. Bazarova, Mydygma Ts. Itigilova,

Eugenia P. Gorlacheva, Petr V. Matafonov, and Alexey V. Afonin.

226. Hydrobiological evaluation of the sources of the Fès-Taza corridor region: source Atrous and source Louali (Morocco)

Hinchi I, Nechad I, Fadil M, and Fadil F.

227.  

228. Study of The Adsorption of a Cationic Dye (Methylgreen) on Zinc Oxide in Aqueous Medium. Validity of Some Isotherm Models in This
Process.

Bousnoubra I*, Djebbar K, and Sehili T.

229. Law enforcement practice in the field of regulation rent for the land.
Olga Vladimirovna Akhrameeva*, Oksana Viktorovna Zhdanova, IrinaFyodorovna Dedukhina, Nadezhda Viktorovna Miroshnichenko,

and Dmitry Sergeevich Tokmakov.

230. Modeling the main trends development regional labor market in conditions of globalization economic processes
Olga Harlampievna Kaznacheeva*, Yana Vitalievna Vorokhobina, Olga Nikolaevna Nikulina, Marina Viktorovna Popova,and Eduard

Evgenevich Tikhonov

231. Effect of feeding the sheep at different ages on morphometric indices of duodenum
Vladimir Ivanovich Trukhachev*, Vladislav Anatoljyevich Porublyov, Nikolai Viktorovich Agarkov, and Tamara Ismeljyevna
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Botasheva.

232. Modeling sustainable balanced development the regions in the single economic space of the state.
Olga Ivanovna Shatalova*, PolinaVladimirovnaShmygaleva, OlgaValer’evnaBruzhukova, ElenaAnatol’evnaVelichenkoand

EvgenyVladimirovichShekhovtsov.

233. Economic and statistical evaluation of the level of sustainable development of rural areas.
Victor Ivanovich Lebedev*, Inna Victorovna Lebedeva, Stanislav Aleksandrovich Molchanenko, Svetlana Aleksandrovna Molchanenko,

and Alexander Vasilyevich Shuvaev

234. Adaptive system of parameter settings of self-moving harvesters – threshers’ operational procedures.
Yuriy Aleksandrovich Tsarev*, Evgeny Ivanovich Trubilin, Evgeny Vladimirovich Truflyak, and Elena Yuryevna Adamchukova.

235. Method Development for Correction the Immunological Status of Newborn Animals.
Vladimir Ivanovich Trukhachev*, Anatoly Fedorovich Dmitriev, Valentin Sergeevich Skripkin, Alexander Viktorovich Agarkov, and

Nikolay Viktorovich Agarkov.

236. Dynamics of cellulolytic microorganisms on the virgin soil and arable black soils of the central Ciscaucasia.
Valery Sergeevich Tskhovrebov*, Vera Ivanovna Faizova, Anastasia Mikhailovna Nikiforova, Lyudmila Mikhailovna Onischenko, and

Andrey Anatolievich Novikov.

237. Workforce planning distribution of the region's results.
Irina Vladimirovna Zaitseva*, Anna Nicolaevna Ermakova, Dmitry Valeryevich Shlaev, Evgeny Aleksandrovich Shevchenko, and

Sergey Ivanovich Lugovskoy.

238. Spatial Information Based Fuzzy Clustering Algorithm for Image Segmentation.

Deepthi P Hudedagaddi, and BK Tripathy*.

239. Description of Seroma Production in Modified Radical Mastectomy with Skin Flaps Fixation Patients in H.Adam Malik Hospital, Medan,
Indonesia.

Muhammad Ridha*, Suyatno, and Emir Taris Pasaribu.

240. Thrombolytic Activity of Fibrinolytic Enzyme from Black Soybean Tempeh (Glycine Soja Sieb. Et Zucc) Fermented by Rhizopus
Oligosporus FNCC 6010.

Achmad Toto Poernomo*, and Isnaeni, Purwanto.

241. An Expectation-Based Privacy-Conserving Friend Reference Scheme for Online Public Networks.

Aswini T1, Anugraka I*, and L Lakshmanan.

242. Mutations in the WNT10A Gene in Patients with Tooth Agenesis.

Darko Pop Acev *, Gabriela Kjurchieva Chuchkova, and Lidija Kanurkova.

243. Kinetics and mechanism of the oxidation of p-xylene using permanganate in aqueous acetic medium.

P Rajendran, P Bashpa, and K Bijudas*.

244. Antibacterial Activity of Butanol Extract from Cell Free Fermentation Broth of Streptomyces spp.Isolated from Vegetable Plantation
Soil.
Isnaeni*, Mega FERDINA WARSITO, Noor ERMA NASUTION, Ni Made MERTHANIASIH, Achmad TOTO POERNOMO, Diana FAIRUZ, and

Astrid HANIFAH.

245. Antioxidant and anti-tubercular activity of some 3-substituted-1,3-dihydro-2H-indole-2-one derivatives.

Vivek Singh Bhadauria, Sujeet Kumar, Arpit Katiyar, Debajyoti Das, and Subhas S Karki*.

246. Cytomorphological Changes of Gepatorenalny System of Rabbits at The Combined Poisoning with Xenobiotics.
Marina M. Salnikova*, Elena G. Gubeeva, Vadim R. Saitov, Konstantin Kh. Papunidi, Ilnur R. Kadikov, Farukh A. Sunagatullin, and

Sergey Yu. Smolentsev

247. Methodical aspects of determining the trajectories of global determinants of local markets crop production.

Natalia Vadimovna Snegireva, and Polina Vladimirovna Shmygaleva.

248. Krukenberg Tumor – An Enigmatic Entity – Case Report with Emphasis on The Role Of Frozen Section.

Pooja Jain, Swati Sharma*, and Manna Valiathan.

249. Do Cholesterol Lowering Drugs Affect Electrolyte Balance In - Hypertensive Patients?.

Gaurav Sharma B, Akshay nandavar, Maben EVS, Kotian MS, and Ganaraja B*.
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250. Synthesis, Characterization, Surface active properties, Biological Activity of ethoxylated dodecyl-benzenesulfonamide.

MA Migahed, Salah M El-kousy, Reham F Tayel, and EG Zaki*.

251. Technologic qualities of sugar beet root crops in foliage application of melafen and trace elements.
Vladimir Ilyich Kostin, Vitaly Alexandrovich Isaychev, Vladimir Alexandrovich Oshkin, Evgeny Evgenievich Syapukov

252. Influence of melafen on redox enzymes in sprouting sugar beet

VladimirIlyich Kostin, Vladimir Alexandrovich Oshkin

253. Biopreparations In the Spring Wheat Fertilization System.

? Kh Kulikova*, S N Nikitin, and ? L Toigildin.

254. Comparative study of dexmedetomidine, butorphanol and tramadol for post-spinal anesthesia shivering

Keerthi P, and Shaila S Kamath*.

255. Oral health changes during orthodontic treatment.

Zabokova-Bilbilova Efka*, Julijana Stevanandjija, Georgiev Zlatko, and Sotirovska-Ivkovska Ana.

256. Morphological characteristics of neural population of a hippocampus of Wistar rats in norm.

DA Areshidze*, MA Kozlova, IA Syomin, IA Kuznetsova, and JP Molokanova.

257. Comparison of Nutritional Behaviors of Women with and Without PMS Working in Hospitals in Hamedan in 2015.

Maryam Ataollahi, Marzieh Otogara,Seyedeh Zahra Masoumi*, and Ghodratollah Roshanaei.

258. A Robust and Reversible Watermarking (RRW) Technique Based on a Time-Stamp in Relational Data.

Sibyl Ann Jacob*, Vaishnoodevi Ramdas, and Mohana Prasad K.

259. Effective Web Log Mining using Combination of K-NN Algorithm and Apriori Algorithm.

Mohammad Rafey*, Mani Kant,and Mohana Prasad K.

260. Cloud SAAS: Integration of IAAS & SAAS for Effective Cloud Management System with Resource Sharing Among Cloud.

Sachin Bashyan*, Saurav Raj, and Mohana Prasad K.

261. An Efficient Privacy-Preserving Ranked Keyword Search Method over Encrypted Cloud Data.

Sai Pavan Kumar P, Yaswanth Sai P*, and Mercy Paul Selvan.

262. Embedded travel aiding system for visually challenged people.

Sriram AL*

263. A novel security system for sensitive documents using RFID and Back propagation arti?cial neural networks.

Sriram AL*.

264. A Survey On On-Board Data Processing A Suggested Powerful Solution For On-Board And Multispectral Data Processing Using
Efficient Fast Processing Architecture.

Sriram AL*, and Hariharan K.

265. Antibiotics regulations in Dental Practice.

S Niveda Subash*, and Subash Sharma.

266. Exploration of modify genes expression in wheat via the enhancement of Bacillus Subtilis.

Abo Doma A, Shoaib RM,and Mohamed Hamdy Amar*.

267. Enhanced QOS Enabled Multipath Routing (EQAMR) For MANETs Inspired by Swarm Intelligence.

I Alagiri*, and V Madhuviswanatham.

268. The Contribution of Biostatistics Knowledge of Psammophile Mountains of Tlemcen (Western Algeria)

Stambouli-Meziane Hassiba*, Hassani Faïcal, and Bouazza Mohamed.

269. Dental Image Segmentation Using Fast Marching Method for 2D to 3D Registration

Megalan Leo L*, and Kalpalatha Reddy T.

270. Antimicrobial Activity of Silver Nano Particles Biosynthesized by Lactobacillus Mixtures.

Haider Salih Jaffat*, Nawfal Hussein Aldujaili, and Athraa J.Abdul Hassan.
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271. Probabilistic detection and temporal segmentation of cichlid fish tumour using watershed and modified threshold technique

Stephen john T, Sivasundarapandian S, and Deborah paripuranam T.

272. Algae Disintegration in Raw Water at Semberong Barat Dam Johor Malaysia Using Sonification Wave.
Roslan Omar*, Zaharah Ibrahim, Zailan Zahid, Elias Ismaila, Ikmal Hisham, Shahzatul Irwan Omar, Siddiq Mustafar.

273. Mothers’ Participation in Improving Girls' Knowledge of Reproductive Health.

Farzaneh Soltani, Zeinab Fattahi, Seyedeh Zahra Masoumi*, and Ghodratollah Roshanaei.

274. Beneficial effect of wheatgrass juice on some biochemical parameters in Type 2 diabetic subjects with reduced lymphocytes count.

Marie-Christine R Shakib*, Shreef GN Gabrial, and Gamal N Gabrial.

275. Insulator Tip Detachment as an Unprecedented Complication during Arthroscopic Surgery

Mohd Ikraam Ibrahim*

276. Antenatal ?areduringMultiple Pregnancies.

NikitinaIN, KondratiukVK, KalashnikNV,IkonopiscevaNA,andBabarTV

277. Isopodiosis in Some Fishes From Egyptian Qaroun Lake: Prevalence, Identification, Pathology and In Vitro Trials to get rid of it.

Shaheen AA, Abd EL Latif AM*, Elmadawy RSand Noor Eldeen AI

278. Phenological study of the crustaceans and molluscs from three major sources of the Middle Atlas (Morocco).

Imane Nechad*, El Hassan El Harchli, Farah Gaamoussi and Fatima Fadil

279. Ability of Bacillus Amyloliquefaciens Isolated from Corn on mycotoxins degradation

A Noah Badr*, M M Youssef, A F Logrieco, and H A Amra.

280. Mycoflora in contaminated soil of automobile workshops and their abilities for biodegradation of used motor oil.

Mohamed Fadl Awad*.

281. TGFB 1, PTGS 2 Genes Expression during Dynamics of Wound Healing and with the Treatment of Melanin

AS Dranitsina*, OV Taburets, KO Dvorshchenko, DM Grebinyk, TV Beregova and LI Ostapchenko

282. Non-Conventional Municipal Wastewater Treatment System Suitable for Egyptian Villages and Small Communities.
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ABSTRACT 

 
 This study developed the High Performance Liquid Chromatography (HPLC) for INH resistant M. tuberculosis 
(MTB) isolate identification based on a chromatogram profile of mycolic acids (MAs). The aim of this study was to validate 
the HPLC for determining the characteristic profile of MAs chromatogram of the INH resistant MTB. The optimum 
derivatization process obtained was as follows: the minimum biomass weight was 25 mg. The experimental temperature 
was performed in (80-90) oC using a water bath for minimum 30 minutes in order to complete the MAs derivatization. 
Reagent volume used in the range of (200-500 μL) were not influenced the MAs chromatogram profile. The optimum 
condition of HPLC was as follows: mobile phase was methanol:isopropanol (60:40) for 3 minutes, followed by gradient 
elution (4:96) in 50 minutes. Thereafter, the mobile phase composition change gradually for 40 minutes to a final 
composition of (60:40). The sample volume was 20 μL and the mobile phase flow rate was 1 mL/minute. The result of this 
study showed that the MAs chromatogram profile of INH resistant MTB looked like H37Rv MTB strain. The chromatogram 
profile was a cluster with 6 characteristic peaks at the end of the analysis. The other short chain carbon fatty acids were 
eluted in the first 15 minutes. 
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INTRODUCTION 
 

 Mycobacterium tuberculosis (MTB) is the causative agent of infectious disease of tuberculosis (TB). 
Tuberculosis diagnosis, especially in the multi drug resistant tuberculosis (MDR-TB), requires a specific, 
sensitive and rapid method. MTB culture is a gold standard method for TB diagnosis, but requires 4-8 weeks 
for completion. A long cultivation time is a subject for contamination. Therefore, various MTB identification 
methods have been improved for MDR-TB detection, such as Polymerase Chain Reaction (PCR), DNA 
sequencing and chromatography [1] [2]. 
 

Isoniazid (INH) is one of the first lines of anti TB drugs that used for TB prevention and therapy. The 
resistance to INH and Rifampicin, with or without other antiTB drugs called Multi Drug Resistant TB (MDR-TB). 
Isoniazid active at MTB’s cell wall, especially inhibition of mycolic acids (MAs) biosynthesis [3]. InhA, katG, 
ahpC and kasA gene mutations have been found in INH resistant MTB. Those genes were coding the enzymes 
that involved in initiation, elongation and condensation of MAs biosynthesis [4]. Therefore, INH-resistant MTB 
was estimated to have a MAs characteristic profile. 

 
Mycolic acids are α-alkyl β-hydroxy fatty acid which contains (60-90) carbon atoms in each molecule 

(Figure 1). The main variations of MAs structure are alpha mycolate ( >70%), keto mycolate and methoxy 
mycolate (10-15)% [5][6]. The MAs composition and structure profiles are specific and not influenced by 
cultivation media [7]. The MAs profile can be used as MTB fingerprint [8]. 

 

 
 

Figure 1. Mycolic acid structures [5] 

 
This study will develop the High Performance Liquid Chromatography (HPLC) for isoniazid (INH) 

resistant MTB identification based on a chromatogram profile of mycolic acid molecules. The aim of this study 
was obtaining a valid HPLC method for analysis MAs of MTB isolate using p-bromophenacyl bromide reagent. 
The characteristic profile of MAs chromatogram of INH resistant MTB isolate can be used as database for 
identification of INH resistant MTB. Method validation of HPLC covered optimization of MAs derivatization and 
HPLC condition. Parameters of the validity of  HPLC method for MTB sample were resolution (Rs) between 
peaks of MAs (Rs > 1.2) [9], peaks number of MAs at chromatogram that can be observed and consistency of 
the MAs characteristic peaks at chromatogram profile.  
  

MATERIALS AND METHODS 
 

MATERIALS: 
 
 Middlebrook 7H10 (Fluka Analytical, Cat. MO303.500G) with Oleic Acid Albumin Dextrose Catalase 
(OADC) growth supplement (Sigma MO678), trehalose 6,6’ dimycolate  (TDM) isolated from H37Rv of MTB 
strain (Alexis), tricosanoic methyl ester (TME) (Sigma-Aldrich), p-bromophenacyl bromide, dicyclohexyl-18-
crown-6-ether, KHCO3, KOH, NaOH, HCl, Na2SO4 exsiccatus, methanol, isopropanol pro HPLC, acetonitril and 
chloroform. All of the reagents, except other mention, were pro analyzing grade (E.Merck).  
 
 Samples of M. tuberculosis of H37Rv strain and INH resistant MTB isolate were supplied by the Health 
Laboratory of Surabaya (Balai Besar Laboratorium Kesehatan Surabaya) and Clinical Microbiology Department 
of Dr. Soetomo Hospital, Surabaya, Indonesia. All samples were re-checked for their sensitivity to INH using 
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standard sensitivity test prior to be cultured. The sample was cultured at 37oC for 21-31 days. Biomass was 
placed in Pyrex glass tube before added 2 mL of 25% KOH in a mixture of methanol:water (1:1) and autoclaved 
for 1 hour at 121oC [5]. After this process had finished, the sample was brought out of the BSL-3 facility, and 
ready for HPLC analysis. 
 
METHOD: 
 
Instruments 
 
 UFLC Prominence Shimadzu 20A, shim-pack-VP-ODS/C8/Phenyl end-capped column, size 150 mm x 
4.6 mm, with diode array detector. Analytical balance (Sartorius), vortex (Genius 3), centrifuges (EBA20 
Hehich). 
 
Extraction of Mas: 
 

Samples were added with 1.5 mL of HCl (1:1) v/v and agitated for 2 minutes on vortex before 
extracted (three times) using 2 mL of CHCl3. The extract in organic solvent was separated into other screw-
thread tube and dried using nitrogen gas. The dried extract was stored in the refrigerator until the  next 
derivatization process [5]. 

 
Hydrolysis of standard substance:  
 

Trehalose dimycolate and TME (as internal standard) were hydrolysed by adding  2 ml solution of 25% 
KOH in methanol and heating for 1 hour at 90oC on water-bath. After cooling to the room temperature, the 
sample was acidify with 1,5 mL of HCl (1:1) and the free fatty acids were extracted with CHCl3 ( in accordance 
with MAs extraction procedure mentioned above ). 

 
Derivatization of Mas: 
 

The sample in a screw-thread tube was added with 40 mg of KHCO3, 300 μL of derivatization reagent 
and 700 μL of CHCl3. The sample was heating at 90oC for 30 minutes on the water-bath. After cooling down to 
the room temperature, the sample was filtered through Whatman filter paper of 0,2 μm pore and ready to 
inject into HPLC [7] [10]. The hydrolyzed internal standard TME (50 μg) was added in the sample before 
derivatization process. 

 
Derivatization reagent was a mixture of 0.1 mMol (27,79 mg/mL) p-bromophenacyl bromide and 

0,005 mMol (1,86 mg/mL) dicyclohexyl-18-crown-6-ether in acetonitril. This reagent is relatively stable for 
several months in refrigerator [7]. 

 
The sample that has been processed was dried using N2 and stored in the refrigerator if it was not 

immediately injected. The dried sample was re-solved again using 1 mL solution of a mixture of acetonitril and 
CHCl3 (1:1) before injection.  

 
 METHOD VALIDATION: 
 
Selectivity:  
 

various solvents with different composition were used as mobile phase in order to obtain a 
characteristic MAs profile of the TDM standard and MTB sample. Characteristic of MAs profile parameter was 
the maximum amount of MAs peaks that obtained consistently similar in TDM standard and MTB sample. The 
resolution among peaks  in the MAs cluster peaks were > 1,2 [9]. 

 
Optimization of MAs derivatization process: 
 

 various water-bath temperature of (70-90) oC, warming time of (30-60) minutes and the reagent 
volume were studied in order to obtain the characteristic profile of MAs MTB isolates.  
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Minimum sample weight required:  
 
some samples were processed using the optimum condition in order to obtain the minimum biomass 

weight by which the characteristic MAs profile achieved..  
 
Data analysis: 
 

The sample peaks were identified based on their similar retention time (tR) with H37Rv peaks and the 
similarity between their UV spectra peaks. The profile of MAs was obtained after area normalization of the six 
characteristic peaks in the cluster of MAs peak. 

 
Normalization of each peak = (area peak/total area of 6 characteristic peaks) x 100 % 

 

Similarity among MAs chromatogram profile was determined based on correlation test using IBM 
SPSS statistics 22 programs. The variation among the MAs peaks area of the sample were determined using 
general linear model statistic test on 0.05% significance level. 
 

RESULTS AND DISCUSSION 
 

Selectivity: 
 

The optimum mobile phase obtained was a mixture of methanol:isopropanol (60:40) isocratically for 3 
minutes, followed by gradient elution (4:96) in 50 minutes. Thereafter, the mobile phase composition change 
gradually for 40 minutes to a final composition of (60:40). The sample volume was 20 μL and the mobile phase 
flow rate was 1 mL/minute. The MAs signal was detected using a diode array detector (DAD) at 254 nm. 
Analysis of standard TDM and H37Rv MTB strain using this optimum condition obtained a characteristic profile 
of MAs as a cluster containing minimal six peaks that can be showed at Figure 2 and Figure 3. This cluster was 
identical with the result of the previous research [7] [10].  

 

 
 

Figure 2. Mycolic acids chromatogram profile of TDM standard 
 

 
 

Figure 3. Mycolic acids chromatogram profile of H37Rv strain of MTB 
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The characteristic peak in a cluster was detected at the minutes of 51.58, 53.64, 55.79, 57.95, 59.89, 
62.09 and 65.74, respectively. The peaks that eluted before retention times of 51.58 minutes showed a very 
small area. The peaks that eluted after retention time of 65.74 minutes usually tailing, or contained two or 
more peaks that couldn’t be separated. So, these peaks were not used in the determination of MAs 
chromatogram profile. 

 
 Resolution (Rs) among peaks in the cluster were in the range of 1.12 – 1.63. This resolution was 

relatively good. At a resolution of 1.0, the two adjacent peaks were overlap their area of 4%. At a resolution of 
1.5 the overlap is about 0.3% [11]. In order to obtain peak area accurately, slope, threshold and minimum area 
of the chromatogram were adjusted appropriately.  

 
 The spectrum profile of each 6 characteristic MAs analyte was nearly the same. Their maximum 

wavelength were very closed range of ( 254-256 nm) (Figure 4). These spectra were as same as a spectrum 
profile of p-bromophenacyl bromide reagent (not presented in this article).  

 

 
 

Figure 4.  Spectra of MAs of H37Rv strain of MTB at retention times of 57.9 minutes (A),  59.8 minutes (B) and 62.1 
minutes (C) 

 
The other fatty acids with a shorter carbon chain that come from OADC of Middlebrook media, LJ-

media or TME (C23) were eluted at the first 15 minutes. So, those substances do not interference the MAs 
analysis (Figure 4). This method is selective for MAs analysis, but require a long time for elution (70 minutes) 
and caused high variation of MAs retention time. Therefore, identification of MAs peaks also based on the 
peak in the sample cluster peaks that have a similar spectrum profile with the MAs of H37Rv strain peak that 
have retention times of 59.65 minutes (Figure 5.). The similarity value of that certain peak would be more than 
0.995. This certain peak would be used as internal standard for setting the consecutive number of the other 
peaks in the same sample. The peak that has retention times of 59.65 minutes was a sharp peak, relatively 
symmetric and having area with the lowest variation (Figure 3, Table 1). The relative retention time of MAs 
based on the original internal standard (TME) couldn’t improve the precision of MAs peak identification, 
because the MAs peaks were a cluster peaks in a narrow span time and their position were far from TME 
peaks. 

  

 
 

Figure 5. Mycolic acids chromatogram profile of INH resistant MTB isolate 
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Table 1. The profile of MAs of H37Rv strain based on normalization of the peak area. 
 

Normalization of peak area  at tR (minutes)  and  order peak no.

Sample codes Weight 49.46 51.49 53.57 55.63 57.9 59.87 62.13 65.8

(mg) 1 2 3 4 5 6

H37-1.2 26.4 0.38 2.19 5.75 15.89 25.55 29.02 21.61 7.65

H37-C8  27.9 0.07 1.74 4.07 13.02 28.97 30.61 21.59 0.14

H37 C1 49.3 0.30 1.62 3.75 11.88 27.74 31.01 24.00 6.34

H37 C2 44.3 0.17 1.63 3.54 11.36 29.12 31.79 22.57 6.21

H37-C34 46.2 0.00 1.35 3.88 12.75 26.51 31.44 24.08 9.30

H37 C5 5  42.8 0.00 1.44 3.26 11.06 28.57 31.88 23.79 6.77

H37 C3 5  43.5 0.00 1.65 2.79 10.81 29.78 31.74 23.23 6.36

Mean 0.13 1.66 3.86 12.40 28.03 31.07 22.98 6.11

SD 0.16 0.27 0.93 1.75 1.53 1.02 1.08 2.85

CV (%) 118.95 16.18 24.20 14.10 5.44 3.27 4.68 46.66  
 

The molecular structure of each peak in a sample cluster peaks were not identified.  But, the peak 
cluster of MAs sample was identical with the peak cluster of TDM standard (Figure 2). This method can’t 
identify the structure of each MAs peak, no standard substance to compare with each peak in the cluster peak. 

 
The addition of CHCl3 in a mixture of mobile phase would shorter the MAs retention times, but the 

instrument must be equipped with a special piping to avoid the CHCl3 vapor contact with the leak column 
detector and made the HPLC system shut down. 

 
Optimization of derivatization process: 
 
 Reagent volume in the range of (200-500) μL for + 40 mg sample  was  not making the MAs 
chromatogram profile changed.  Some references used a different temperature and time for derivatization 
[7][5]. This study obtained that the temperature range of (70-90)oC were not making a different MAs 
chromatogram profile. The range of derivatization time of (30-60) minutes were not making a different MAs 
chromatogram profile also. In this study, MAs were derivatized at 90oC on the water bath for 30 minutes. 
 
Minimum sample weight required: 
  
 This study obtained that six peaks in a cluster would be obtained in MAs chromatogram when 300 
μg/mL of TDM was tested (Table 2.). The minimum weight of biomass that would be produced a characteristic 
chromatogram profile of MAs was 25 mg. 
 

Table 2. The minimum weight of the TDM standard for MAs analysis using HPLC 
 

Normalization of peak area at tR (minutes)  and  order of peak no.

TDM standard Weight 52.32 53.98 54.9 55.62 58.34 60.1 62.49 66.8

(µg/mL) 1 2 3 4 5 6

TBC -4 100 0.01 2.83 0.17 14.16 23.28 32.91 26.66 10.25

TBC-6  100 0.00 0.00 2.68 15.24 24.89 34.95 22.25

TBC 21-200 200 0.00 0.00 3.11 14.38 23.74 32.09 26.68 0.00

TBC 22-300 300 0.00 1.32 2.86 14.35 22.41 32.35 26.71 15.99

Mean 0.00 1.04 2.21 14.53 23.58 33.07 25.57 8.74

SD 0.00 1.35 1.37 0.48 1.03 1.30 2.22 8.10

CV (%) 0.00 129.86 61.98 3.32 4.37 3.92 8.67 92.61  
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Precision: 
 

Intraday precision test obtained that areas variation of MAs were in the range of (0.2- 4)% (Table 3.). 
But, the cluster peaks retention times could be shifted in the range of (53.01 -65,80) minutes. 

 
Table 3. Intraday precision of MAs analysis using HPLC 

 

Normalization of peak area  at tR (minutes)  and  order peak no.

51.7 53.01 55.08 57.08 59.47 62.13 65.80

Sample codes 1 2 3 4 5 6

REB 14 (1) 0.47 1.72 5.70 15.94 24.23 30.58 21.82

REB 14 (2) 0.90 1.66 5.77 15.76 24.03 30.53 22.25

REB 14 (3) 0.71 1.77 5.87 15.60 23.95 30.46 22.35

REB 14 (4) 0.44 1.75 5.73 15.59 23.88 30.59 22.46

REB 14 (5) 0.44 1.84 5.71 15.58 23.96 30.50 22.41

Mean 0.62 1.75 5.77 15.63 23.96 30.52 22.37

SD 0.23 0.07 0.07 0.08 0.06 0.05 0.09

CV (%) 36.18 4.11 1.26 0.53 0.26 0.18 0.41  
 

Note:  The peak at  tR of 62.17 minutes have a similar spectrum profile with the peak of  the H37Rv MTB strain at 
the tR of 59.87 minutes with similarity factor of 0.992.  REB  = INH resistant MTB isolates sample. 

. 
Chromatogram profile of Mas: 
 

MAs chromatogram profile of INH resistant MTB isolate showed in Figure 5., Table 4. The 
chromatogram showed that the last analyt was tailing (in other sample it was splitting). Therefore, the area of 
this characteristic peak could not be taken into account in the normalization area in order to obtain a MAs 
profile based on area variation peaks. This chromatogram showed that the MAs profile of INH resistant MTB 
looks alike MAs of H37Rv strain. 

 
Table 4.  The MAs profile of INH resistant MTB isolate based on the normalization of the peak area 

 

Normalization of peak area at tR (minutes)  and  order peak no.

Sample code Weight 49.98 51.78 53.57 55.66 57.76 59.77 62.17 65.6

(mg) 1 2 3 4 5 6

RE 444 30.0 0.00 1.17 4.22 14.20 27.42 32.79 20.20 4.33

RE 55 TME 35.0 0.00 1.71 4.70 15.00 25.09 31.05 22.44 6.92

RE 999 40.0 0.00 2.01 3.68 14.43 27.13 32.98 19.78 4.59

REB 11. 2 42.0 0.00 2.02 5.32 15.66 28.30 28.67 20.03 wide

REB 13-13 45.0 0.00 1.74 4.92 13.73 27.78 31.70 20.12 wide

REB 3.1 +TME 48.6 0.01 2.47 6.77 18.35 27.35 26.94 18.12 wide

REB 14-123 49.2 0.00 1.78 5.56 15.25 23.93 30.85 22.62 17.51

Mean 0.00 1.84 5.02 15.23 26.71 30.71 20.47 8.34

SD 0.00 0.40 1.00 1.52 1.59 2.20 1.58 6.22

CV (%) 168.9 21.5 19.9 10.0 5.9 7.2 7.7 74.7  
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Comparison of MAs profile between H37Rv MTB strain and INH resistant MTB isolate can be shown in 
Figure 6. Paired sample T test of the pair peaks of H37Rv strain and INH resistant MTB isolate obtained the 
correlation (r2) of  0.972. It means that pairs of chromatography profile looking alike. General linear model 
statistic showed that peak number 3 and peak number 6 of those pair of chromatography profile were 
significantly different ( at α 0.05). 
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Figure 6. Comparison of MAs chromatogram profile of H37Rv strain and INH resistant  MTB isolate. 

 
The similarity MAs chromatogram profile between INH resistant MTB and H37Rv strain caused the 

composition peak area were difficult to use for identifying INH resistant MTB.  But,  this study confirmed that 
MAs profile was characteristic for MTB in general. The similar MAs profile supposed to be caused of the 
detector used is DAD and the MAs were detected as a coupling substance with the reagent (bromophenacyl 
bromide and dicyclohexyl-18-crown-6-ether in acetonitril). This reagent increased dominantly the absorptivity 
of the coupled substance, but a modified in MAs structure does not significantly detected. The more specific 
detector (i.e. spectrometry massa) supposed to be more efficient for identifying the modified structure of MAs 
[2]. In the liquid chromatography-tandem mass spectrometry (LC-MS/MS), the MAs molecule can be detected 
without derivatization [2] . 

 
CONCLUSION 

 
The optimum derivatization process was as follows: minimum biomass sample weight was 25 mg. 

Reagent volume in the range of (200-500) μL was not influenced the MAs chromatogram profile. The Water-
bath temperature was set at (80-90) oC for minimum 30 minutes in order to complete the MAs derivatization. 
The optimum mobile phase was a mixture of methanol and isopropanol. The elution process was started at 
mobile phase composition on (60:40) for 3 minutes, followed by the gradient flow rate of (4:96) in 50 minutes. 
Thereafter, the mobile phase composition change gradually for 40 minutes to a final composition of (60:40). 
The sample volume was 20 μL and the mobile phase flow rate was 1 mL/minute. The MAs chromatogram 
profile was a cluster with 6 characteristic peaks at the end of the analysis. The other short carbon fatty acids 
have been eluted in the first 15 minutes. The result of this study showed that the MAs chromatogram profile 
of INH resistant MTB was looked like H37Rv strain. 
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