
   

 
 Vol. 14 | No. 4 |2666-2670| October- December | 2021 

       ISSN: 0974-1496 | e-ISSN: 0976-0083 | CODEN: RJCABP    
http://www.rasayanjournal.com 
http://www.rasayanjournal.co.in  

 

Rasayan J. Chem., 14(4), 2666-2670(2021) 
http://dx.doi.org/10.31788/RJC.2021.1446562 

 
This work is licensed under a CC BY 4.0 license. 

 

 

EXPLORING AND PROVING COMPLEX COMPOUNDS IN 
BROTOWALI (Tinospora crispa) 

  
W.T. Widodo1, 2, D.J.D.H. Santjojo 3, S. Widyarti 1 and S.B. Sumitro1,  

1Department of Biology, Faculty of Mathematics and Natural Sciences, Brawijaya University, 
Malang, Indonesia, 65145. 

2STIKes Karya Putra Bangsa, Tulungagung, Indonesia, 66291. 
3Department of Physics, Faculty of Mathematics and Natural Sciences, Brawijaya University, 

Malang, Indonesia, 65145. 
Corresponding Author: sutiman@ub.ac.id 

 

ABSTRACT 
Many complex compounds play a role in the physiological process and body metabolism. It is thought that complex 
compounds can occur naturally in plants. This study aimed to determine the presence of complex compounds in 
Brotowali (Tinospora crispa). The compound content was analyzed by LCMS (Liquid Chromatography-Mass 
Spectrometry). Transition metal content was analyzed by XRF (X-Ray Fluorescence). FTIR (Fourier-Transform 
Infrared Spectroscopy) and XRD (X-Ray Diffraction) analysis confirmed the existence of complex compounds. The 
LCMS analysis results showed the existence of betaine, DL-Carnitine, Ferulic acid, Adenosine, Choline, and 
Berberine. XRF analysis showed that the brotowali samples contained various metals, including Fe, Cu, and Mn. 
Predictions of complex compounds formed in Brotowali include Fe metal binds to 3 choline molecules, and Fe metal 
binds to 1 DL-Carnitine molecule. FTIR analysis and XRD analysis showed that the brotowali samples contained 
complex compounds. The analysis results indicated that the Brotowali naturally contained complex compounds. 
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INTRODUCTION 
A complex compound or bioinorganic complex is a compound containing an ion complex. An ion complex 
consists of one central metal cation in the form of a transition metal or metal in the main group and binds 
to neutral anions or molecules called ligands.1 Many complex compounds play a role in physiological and 
metabolic processes in the human body, for example, acting as radical scavengers like hemoglobin and 
SOD (superoxide dismutase). In the hemoglobin structure, there is metal Fe as the center of the atom.2 
Complex compounds are thought to form in plants naturally. They are formed from the content of 
compounds in plants and metals that plants absorb. One of the nutrients absorbed by plants is transition 
metals. Complex compounds are present in some plants. Flavonoid-Fe complexes are found in Syzygium 
cumini.3 Oleuropein-Cu complex is also found in Olea europea.4 
Complex compounds have several advantages compared to their single compounds. It has been shown that 
flavonoid complexes with transition metals have stronger radical scavenging activity than their single 
flavonoids.5 The mechanism of free radical scavenging from a single compound will produce new radicals 
because a single compound loses its electrons.6 Complex compounds only change their paramagnetic 
properties to be diamagnetic or vice versa, as is the nature of the transition metal, which is the central atom,7 
as happened to the enzymes SOD and hemoglobin. Brotowali is a plant that is commonly found in tropical 
areas and is used to treat various diseases, such as diabetes, hypertension, back pain, bruises, septicemia, 
fever, fractures, scabies, diabetes, and hypertension. Brotowali contains many compounds, including 
flavonoids, terpenoids, alkaloids, lignans, nucleosides, and sterols.8 This study explored and verified 
complex compounds in Brotowali plants using LCMS, XRF, FTIR, and XRD analysis.  
 

EXPERIMENTAL 
Brotowali stems were cut into pieces then dried in the oven. The dried brotowali pieces were ground until 
smooth and then sieved with a 200 mesh sieve. A total of 100 grams of sieved powder were boiled with 1 
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L distilled water for 30 minutes. The results of the decoction were used directly for the LCMS analysis. 
The solvent was removed by freeze-drying. The powder from freeze-drying was used for XRF, FTIR, and 
XRD analysis. 
 

LCMS Analysis 
The content of the compounds in the Brotowali sample was identified by LCMS analysis. Brotowali boiled 
water was filtered using a 0.22 µm syringe filter and injected into the column. Analysis was performed 
using Thermo Scientific Dionex Ultimate 3000 RSLC with Hypersil GOLD aQ analytical column and  
Thermo Scientific Q Exactive Mass Spectrometer (MS). Chromatographic and MS conditions were 
performed according to Sukmaniningsih.3 
 

XRF Analysis 
The transition metal content in the sample was tested by XRF (PANalytical MiniPal 4). The results were 
analyzed using an absorption standard which resulted in a percentage (%) ratio of metal elements to the 
total area of the peaks that appeared in the absorption pattern. 
 

FTIR Analysis 
The existence of the transition metal compound complexes with the active compound was tested using an 
FTIR spectrophotometer (Shimadzu, Japan). A total of 3 mg of sample powder was mixed with KBr (5 - 
10% of the sample) and homogenized. The homogeneous mixture was then made with KBr pellets (KBr 
pills).  Once formed, the KBr pill was ready to be analyzed using an FTIR spectrophotometer. 
 

XRD Analysis 
XRD analysis aimed to identify the presence of crystal structures in brotowali samples. Analysis used 
X'Pert³ MRD. Kα beam (Cu) 1.5406 Å, 40 kV, 35 mA. The scanning region (2θ) was from 10° to 65°. 
 

RESULTS AND DISCUSSION 
Brotowali contains many compounds.9 Some of the compounds confirmed by the LCMS analysis include 
Betaine, DL-Carnitine, Ferulic acid, Adenosine, Choline, and Berberine (Fig.-1). These compounds can act 
as free radicals.10–15 
XRF results showed that Brotowali has many metal content, including transition metals (Table-1). Several 
transition metals played a large role in human biological processes. There were some compounds found in 
brotowali, including Fe (3.67%), Cu (0.54%), and Mn (0.28%).  
The characteristic of transition metals is that they have not fully filled electrons in the d subshell, so that 
they can form a cation and bind with other molecules.16 These transition metals can bind with compounds 
that have a hydroxyl group (-OH) or a carbonyl group (=O) to form complex compounds. Some of the 
predictions of complex compounds in Brotowali include Fe metal binds to 3 choline (Fig.-2a) molecules 
and Fe metal binds to 1 DL-Carnitine (Fig.-2b). Predictions of these compounds are drawn using 
ChemDraw Pro 8.0. 
The presence of complex compounds in the Brotowali sample was proven from the results of the FITR 
analysis. FTIR analysis can detect functional groups through infrared absorption.17 Complex compounds 
have coordination bonds between transition metals and O atoms to form a specific group. Complex 
compounds of Fe metal form Fe-O groups, complex compounds of Mn metal form Mn-O groups, and 
complex compounds of Cu metal form Cu-O groups. In FTIR analysis, the Fe-O group causes absorption 
at a wavelength of 625-490 cm-1, the Mn-O group causes absorption at a wavelength of 765-735 cm-1, and 
the Cu-O group causes absorption at a wavelength of 875- 825 cm-1.18 
The absorption appeared at 510 cm-1, 600 cm-1, 615 cm-1, 758 cm-1, 874 cm-1 in brotowali samples in the 
wavelength range of 1000 cm-1- 400 cm-1 (Fig.-3). The absorption indicated the existence of Fe complex 
compounds (510 cm-1, 600 cm-1, 615 cm-1), Mn complex compounds (758 cm-1) and Cu complex 
compounds (874 cm-1). 
The presence of complex compounds in brotowali could also be confirmed by XRD analysis. Complex 
compounds have atoms arranged regularly to form a crystal structure.19,20 The crystal structure can be 
observed by XRD analysis.21 The sharp and narrow peaks of high intensity indicate a crystal structure.22 
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The diffraction peaks appeared at an angle of 2θ 15º, 24º, 30º, 38º in the brotowali sample (Fig.-4). This 
strengthens the evidence that in the Brotowali sample, there are complex compounds. 

 
Fig.-1: LC-MS Chromatogram of (a) Betaine, (b) DL-Carnitine, (c) Ferulic Acid, (d) Adenosine, (e) Choline, and (f) 

Berberine in Brotowali 
 

 

 
Fig.-2: Prediction Structure of 3 choline-Fe2+ and 1 DL-Carnitine-Fe3+ 
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Fig.-3: FTIR Spectra of Brotowali Samples 

 

 
Fig.-4: XRD Results of the Brotowali Sample 

 

In various countries, Brotowali is known to have many benefits and uses.8 One of these benefits is due to 
the presence of complex compounds naturally contained in Brotowali. Complex compounds have better 
pharmacological activity than single compounds. 
There are different mechanisms between single compounds and compounds that have formed bioinorganic 
complexes in counteracting free radicals. When a single flavonoid reacts with a free radical, a radical 
flavonoid will be produced because it has donated its electrons. However, when a bioinorganic complex 
gives its electrons to a radical, it does not turn into a radical but only changes its magnetic properties from 
paramagnetic to diamagnetic or vice versa.3 

CONCLUSION 
Based on the LCMS and XRF analysis, Brotowali contains various compounds and transition metals, which 
are predicted to form complex compounds with compound contents. FTIR and XRD analysis proved that 
complex compounds naturally formed in brotowali. 
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