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Abstract 
There are many “Save the Soil” movements highlighting the degradation of the soil due to excessive use of 
fertilizers, ground water contamination and environmental pollution. An alternative strategy is the use of humic 
acids from Organic Matter (OM) in soils. Humic acids help grow better vegetables, quality fruits like (peas, 
potatoes, tomatoes, pomegranates, mangoes), cereals, and pulses. These create supramolecular self– assemblies 
capable of retaining water and not allowing loss of minerals and ions. Humic acids isolated from soil, lignite and 
city solid waste are emerging as attractive sources for developing value added products from them. There is much 
interest in exploiting the commercial aspects in the energy sector of the economy as these new technologies could 
help in cleaning the environment as well. 
In this paper, the isolation of a new humic acid from the soil of Gwal Pahari, Gurgaon, Haryana, India is described. 
This water soluble, Ninhydrin positive Gwal Pahari Acid (GPA) contains thirteen chiral centers and contains both 
partly rigid and dynamic systems capable of exhibiting pseudo rotation. The proposed structure of this new humic 
acid is based on spectroscopic studies (e.g. FT-IR, UV-visible spectroscopy), detailed mass spectrometry, and very 
challenging 1H- NMR and 2D-NMR studies. Ion leakage studies on Arabidopsis thaliana have shown that the new 
compound provides protection to the plant, and greenhouse studies demonstrate that Gwal Pahari Acid brings 
about substantial growth in the tomato plant. 
Keywords: Humic acids, Ion leakage, Arabidopsis thaliana, Tomato, NMR 
1. Introduction 
There is much interest in exploiting the commercial aspects of humic acids which serve as growth promotants in 
plants. Their mode of action is through chelating cations and their water retention ability (de Melo et al. 2016; 
Eladia et al. 2005). Humic and fulvic acids are known from soils and sediments from different parts of the world 
(El-Metwally et al. 2014; Beckely, 1921). Two structures assigned to these are shown below as examples in Figure 
1: 
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Figure 1. Examples of humic substances 

 
Among the areas already captured by these substances for large scale use include important areas of agriculture 
and horticulture. These compounds possess multiple functionalities and through intelligent use could lead to newer 
areas of industrial exploitation. Through newer and innovative technological developments, humic acids are now 
being considered important for the energy sector of the economy as well. Based on these Dye Sensitized Solar 
Cells (DSSCs) have been described (Vekariya et al. 2016). Most recent reports point to the fact that unlike what 
has been believed in the past, many of such molecules are relatively simple small molecules. Most papers show 
spectra but refrain from putting down a precise chemical structure. This is because these form large assemblies 
and form supramolecular structures (Figure 2), whose formation is critically dependent on pH (Piccolo, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. (a)Picture of micelle formation of a Humic Substance 

(b)Model of a supramolecular structure of a Humic acid 
 
Among the many techniques like FT-IR (Tatzber et al. 2007), UV-Visible spectroscopy (Fasurova, 2010), 
Scanning Electron Microscopy (Tan, 1985), Mass spectrometry (Stenson et al. 2002; Shinozuka, 2004), 1H-NMR, 
13C-NMR spectroscopy (Abakumov, 2015; Giovanelaa et al. 2010) are commonly used. More recent studies use 
CP-MAS-SS NMR (Al-Faiyz, 2017), which pick up and identify broad peaks for the aliphatic/ alicyclic and 
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aromatic regions. Previous studies on humic acids also show the plant growth promoter activity and enhancement 
of yield in Potatoes. 
Humic acids have tremendous effect on healthy colonic microbiome and potentially interesting substances for the 
development of drugs that control the innate colonic microbiome (Mirza et al. 2011; Swidsinski et al. 2017). Humic 
Acid (HA) has also been evaluated for the oral drug delivery of carbamazepine and its pharmacodynamic – 
responses during the delivery process (Gajdosová et al. 2001). A question has been raised, as to whether humic 
acids are present in Antarctica (Gajdošová et al. 2003). Ion leakage assay (Hatsugai, 2018) is a convenient way to 
measure the cell membrane stability, as leakage of more ions denotes less stability of plant membrane in the plant 
cell, which is vital to control the water stress condition and membrane injury (De Nobili et al. 1990; Thurman, 
1981). 
In this paper, we describe the isolation of a new amino acid, a humic acid and its extraction from the soil of Gwal 
Pahari, Gurgaon, Haryana using the standard procedure of International Humic Substances Society, (IHSS), USA 
(Hendrickx, 2008). The optically active new amino acid has been investigated using spectroscopic techniques like 
UV-Visible, FT-IR, MALDI- MS, zeta potential, 1H-NMR, and 2D–NMR. A deep purple color was obtained in 
the Ninhydrin test showing it to be an amino acid, which has been named as Gwal Pahari Acid (GPA).  
1.1 Experimental 
All the reagents and solvents were purchased from Sigma Aldrich (greater than 99.9 % purity). UV – visible 
spectrum was recorded in methanol at room temperature using a Perkin Elmer Lambda 35 double beam 
spectrophotometer. Scanning Electron Microscopy (SEM) was recorded using the SEM Zeiss EVO MA 10 in 
methanol solution. Initial 1H-NMR studies were done in the International Centre for Genetic Engineering and 
Biotechnology (ICGEB, New Delhi) & Translational Health Science and Technology Institute (THSTI), Faridabad. 
1H-NMR, 2D-NMR, temperature dependent NMR, solid state NMR spectra were recorded using Bruker 500 MHz 
NMR instrument in D2O solution in Tata Institute of Fundamental Research (TIFR), Hyderabad. Mass spectrum 
of this compound was recorded in (THSTI), Faridabad, and MALDI-MS spectrum was recorded in the Regional 
Center for Biotechnology (RCB, Faridabad) in methanol solution and GC-MS was recorded in methanol solution 
using Mass Hunter GC/MS Acquisition B Agilent Technologies, Inc., at IIT Delhi. FT-IR studies were performed 
using Bruker Tensor 27 FT-IR with Diamond ATR cell in methanol solution. Optical rotation was recorded in 
solution phase using circular Dichroism spectro-polarimeter specification JASCO, J-815CD spectrometer 
(Department of Chemistry, University of Delhi).  
1.2 Bioassay for plant growth promotion properties of Gwal Pahari Acid (GPA) 
The seeds of tomato (Solanum lycopersicum) were surface sterilized using ethanol (70%) for 1 min. and sodium 
hypochlorite solution (2%) mixed with Tween-20 (0.02%) for 5 min. in a 100 ml conical flask by vigorously 
shaking with the sterilizing reagents (Subramanian et al., 2015). Following this, seeds were washed repeatedly 
with plenty of sterilized water (at least three times for 3-5 min.), to remove or minimize the population of seed-
associated micro flora. The surface sterilized seeds were kept in Petri dishes (10-20 seeds/Petri dishes) and 
incubated for 48 h in a growth chamber at 25°C ± 1°C with a 16 h photoperiod and allowed to germinate. The 
germinated seeds with the same root length (1 mm) were selected and transferred to the pots (2 Kg) containing a 
mixture of sterilized soil and sand (1:1; w/w). The soil and sand were separately sterilized twice consecutively in 
an autoclave (121°C for 1 h). To study the preliminary analysis of impact of GPA on tomato plants, five conc. of 
GPA were randomly selected ranging from 100 ppm – 500 ppm for treatments. The treatment details include: T1: 
Tomato seedlings treated with 100 ppm of GPA; T2: Tomato seedlings treated with 200 ppm of GPA; T3: Tomato 
seedlings treated with 300 ppm of GPA; T4: Tomato seedlings treated with 400 ppm of GPA; T5: Tomato seedlings 
treated with 500 ppm of GPA. The untreated tomato seedlings were treated with sterile water which served as 
absolute control for comparison. There were three replicates of each treatment as well as control. After the 
seedlings were sown, the pots were kept for 6 weeks in a Greenhouse at 25°C ± 2°C, relative humidity (RH) 
maintained between 50%-70% and average photoperiod of 12 h/day. The pots were kept in a randomized block 
design to minimize the impact of microsite location in the Greenhouse. The plants were irrigated with sterile water 
as and when required. For analysis, destructive sampling was carried out and the plant samples were studied for 
root length (RL), shoot length (SL), fresh wt. (FW) and dry wt. (DW) in terms of plant growth promotory potential 
of GPA. The data was analyzed using ANOVA software. 
1.3 Plant Growth Conditions for Ion Leakage Assay 
Arabidopsis thaliana seeds were stratified at 4°C in dark for three consecutive days. Then the seeds were washed 
with 30% bleach solution for surface sterilization followed by rinsed three times with sterile water. Murashige and 
Skoog (MS) agar media containing petri-dishes (0.5X MS, 0.5% sucrose, 1% phytoagar, pH 5.7) prepared for 
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platting the seeds, the plates were sealed with parafilm and placed in sterile condition under the short day (12 hr 
dark: 12hr light) photoperiod cycle and with a constant temperature of 22°C for 7 days. Then seedlings were 
planted on soil. In continuous interval of 2 days, we supplemented the plant with our desired compound dissolved 
in water (20 Micro Mol.) for 16 days. The control sample was treated with water only. 
2. Material and Methods 
2.1 Isolation of “Gwal Pahari Acid” 
The extraction of title compound followed the protocol of the International Humic Substances Society (IHSS). 500 
gm of Gwal Pahari soil was taken in a conical flask and washed with 1% aqueous HCl solution and left for stirring 
overnight. The solution was then filtered and the liquid extract discarded. The residual solid thus obtained was 
treated with 10% aqueous sodium hydroxide (NaOH) solution and stirred overnight at room temperature 
maintaining the pH at 7.4. The solution was then centrifuged at 15000 rpm for 1 hour. The liquid extract was then 
acidified with conc. HCl up to pH 2-3. The acidic solution was subjected to liquid-liquid extraction with ethyl 
acetate. The ethyl acetate layer, containing the minor product was separated and sodium sulphate anhydrous added 
to this layer and kept in the refrigerator. This aqueous portion was allowed to evaporate in sunlight (up to 3-4 days) 
shown in Scheme-1.   

 

 

 

 

 

 

 

 

 
 

Scheme 1. Flow chart for the extraction of Gwal Pahari Acid 
 
After complete drying we scratched out the entire portion and extracted two to three times with methanol. The 
solvent was evaporated using Buchi evaporator gave the product; Yield 3 g (0.6 %); Melting point, 346O C. 
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2.2 Synthesis of Gwal Pahari Acid -Doxorubicin Conjugate 
(i) Synthesis of Gwal Pahari Acid –N-Hydroxy Succinimide Conjugate:  
1 g of GPA was taken in a round bottomed flask and 260 mg of DCC was mixed with 200 mg of NHS and 75 ml 
of dichloromethane was added. The reaction mixture was stirred overnight at room temperature. The reaction 
mixture was filtered the next day to remove the insoluble part and the solvent evaporated from the filtrate using a 
Buchi evaporator to give off white solid and dried in P2O5-vacuum (Yield. 432 mg).  
(ii) Synthesis of GPA-Doxorubicin Conjugate: 
Took 50 mg of the above GPA- NHS conjugate in a round bottomed flask with 15 ml of dichloromethane and the 
92 mg Doxorubicin base was prepared using methanolic sodium bicarbonate (NaHCO3) in a separate flask. A 
change in color from orange red to blue was observed and it was immediately subjected to Buchi evaporator to 
remove all the solvent. 10 ml of dichloromethane was added to solubilize all the material and the contents mixed 
with the GPA-NHS conjugate solution. This reaction mixture was subjected to overnight stirring at room 
temperature in the dark. Next day it was filtered to remove the insoluble content and subjected to Buchi evaporation. 
After drying over P2O5-vacuum, 27 mg of the dark red solid was obtained.  
3. Results  
The title compound, “Gwal Pahari Acid”, a new Humic acid was extracted from soil of Gwal Pahari (Figure 3), 
Teri Gram, Gurgaon, Haryana, India using the International Humic Substances Society (IHSS) protocol. 

 
Figure 3. (a) Images of Gwal Pahari Acid (Starting materials) (b) Gwal Pahari Acid (Product) 

 
4. Mass Spectral Studies 
The mass spectral studies of the title compound were performed in methanol solution. Mass spectrum of the new 
compound is shown in the Figure 4. 
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Figure 4. Mass spectrum of GPA 

 
The spectrum showed a peak at m/z 577.1 and another peak one unit higher at namely M+ 578.1 which readily lost 
a proton. Other fragment peaks were observed at m/z 551, 523.3, 438.8, 410.9, 382.8, 354.9 and the base peak was 
observed at m/z 218.8.  
4.1 UV-Visible Spectral Studies of Gwal Pahari Acid 
The UV-visible spectrum was recorded in methanolic solution and the obtained peaks at 223, 244 and 299 nm 
shown in Figure 5. 

Figure 5. UV- visible spectrum of GPA 
 
4.2 FT-IR Spectral Studies on Gwal Pahari Acid 
FT-IR spectral studies of new Gwal Pahari Acid were done in methanol solution. This spectrum shows different 
peaks at 576, 961, 1423, 1692, 2115, 2422, 2999 and 3461 cm-1 (Figure 6). 
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Figure 6. FT-IR spectrum of GPA 
 
4.3 NMR spectral studies on Gwal Pahari Acid 
1H- NMR spectral studies: 
NMR spectra were recorded in D2O using a Bruker 500 MHz instrument. 1H-NMR spectrum of GPA is shown in 
(Figure 7).  

 

Figure 7. 1H NMR spectrum of Gwal Pahari Acid 
 
The 1H-NMR spectrums clearly showed signals only in the aliphatic/ alicyclic region δ 3.33, δ 0.0 to 0.5 and δ 
0.93 ppm. 
4.4 2D-NMR spectral studies of Gwal Pahari Acid 
2D-NMR spectral studies were then taken up to establish the correlations between the different substituents. The 
HSQC spectrum of GPA is shown in (Figure 8). 
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Figure 8. HSQC spectrum of Gwal Pahari Acid for δ 0-6 ppm region 

 

Figure 9. COSY spectrum of Gwal Pahari Acid for δ 0- 1.6 ppm region 
 
Peaks in the region δ 0- 1.6 ppm are shown in (Figure 9). The HMQC spectrum (Figure 10) depicts the correlations 
between the proton and carbon environment in the molecules. The methoxy signal in this spectrum is again of very 
high intensity hampering the observation of other signals. 
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3,4,5-OCH3

2’’-CH2

 
Figure 10. HMQC spectrum of GPA 

 
4.5 Temperature Dependent NMR Spectral Studies 
To get a better understanding of the dynamics of the molecule, it was decided to undertake a temperature dependent 
NMR study. Figure 11 shows the signals observed in the region of δ 0.5- 7.5 ppm. 

 

 

 

 

 

 

 
Figure 11. The Temperature dependent 1H NMR spectrum of GPA 

25 oC 

70 OC 
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4.6 Solid State NMR studies on Gwal Pahari Acid 
The solid State NMR spectra were recorded using Bruker 500 MHz instrument and the 13C-CP-MAS-SS-NMR 
(Helal et al. 2011) at 8 kHz for Gwal Pahari Acid in (Figure 12). 

 

 

 

 

 

 

Figure 12. Solid state NMR spectrum of compound 1a 
 

4.7 Scanning Electron Microscopy (SEM) studies of Gwal Pahari Acid 
The SEM pictures generated at 20 µm and 2 µm shown in (Figure 13) was recorded using SEM-Zeiss EVO MA10 
in methanolic solution and the size of the 1a is 12.86 nm obtained from zeta size. 

 
Figure 13. (a) SEM pictures of Gwal Pahari Acid at (20 µm) (b) SEM picture of Gwal Pahari Acid at (20 µm). 

(c) Zeta size spectrum of GPA 
 

4.8 Plant Growth Promotory Potential of GPA (Gwal Pahari Acid) 
The application of GPA at different concentrations was found to significantly improve the growth of tomato plants 
(Figures 14). 
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Figure 14. (a) Impact of different conc. of GPA on the growth of tomato plants after 4 weeks, (b) Comparison of 

plant growth at 100 ppm conc. with untreated control, (c) Comparison of plant growth at 200 ppm conc. with 
untreated control, (d) Comparison of plant growth at 300 ppm conc. with untreated control. (T1: 100 ppm, T2: 

200 ppm, T3: 300 ppm and C: untreated control). 
 

4.9 Studies on Gwal Pahari Acid-Doxorubicin Conjugate 
As stated in the introduction, an anti-epileptic drug has been previously bound non-covalently to a humic acid 
preparation. In this paper we report the preparation of a covalently bonded anti-cancer drug to reduce its side 
effects. Doxorubicin is the most commonly used anti-cancer drug but it has many side effects. The synthesis of 
the Gwal Pahari acid- Doxorubicin conjugate was taken up so that the conjugate serves as a slow release anti-
cancer drug thus reducing the toxic side effects of Doxorubicin. To be determined or evaluated in clinical studies. 
Mass spectral studies of GPA-Doxorubicin Conjugate: Mass spectral studies on the Gwal Pahari Acid-Doxorubicin 
conjugate have been done using the methanolic solution and the highest obtained peak at m/z 1111.8 is shown in 
(Figure 15). 

 
Figure 15. Mass spectrum of GPA-Doxorubicin conjugate 
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UV- visible spectral studies of GPA- Doxorubicin Conjugate: The UV-visible spectrum of GPA-Doxorubicin 
conjugate has been recorded in homogeneous methanolic solution which shows absorption at 206, 236, 253, 385, 
476, 501 and 534 nm in (Figure 16). 

 
Figure 16. UV-visible spectrum of GPA-Doxorubicin Conjugate 

 
4.10 FT-IR Spectral Studies of GPA-Doxorubicin Conjugate 
The FT-IR spectrum of GPA-Doxorubicin conjugate has been recorded in solution phase using methanolic solution 
and is shown at 462, 623, 829, 923, 1085, 1249, 1378, 1467, 1604, 1743, 2846, 2952 and broad peak at 3419 cm-

1 in (Figure 17). 

 
Figure 17. FT-IR spectrum of GPA-Doxorubicin Conjugate 
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5. Discussion 
The new amino acid, a humic acid is water soluble and fluorescent under UV light and shows a positive Ninhydrin 
test. 
 

 
Figure 18. (a) UV- Fluorescence in methanol solution exhibited by Gwal Pahari acid at 366 nm (b) Positive 

Ninhydrin test shown by Gwal Pahari Acid 
 

The beautiful blue fluorescence (Figure 18 a) shown by the title compound under a UV lamp (366 nm). The 
positive ninhydrin test of Gwal Pahari Acid is shown in Figure 16b. 
5.1 Mass Spectral Studies 
The MALDI-MS spectrum of this new compound (Figure 4) showed a peak at m/ z 381.27 and other peaks were 
observed at m/z 511.37, 503.39, 497.38, 471.39, 437.18, 415.23, 387.32, 359.32, 345.30, 327.27 and 313.26. The 
GC-MS study of compound 1a showed a peak at m/z 320 (abundance 86.93) and the base peak m/z 319 in (Figure 
19).  

 
Figure 19. GC-MS spectrum of GPA 
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Data from these three mass spectral studies helped establish the molecular weight to be 578. Using ‘the rule of 13’, 
one arrived at the molecular formula C24H38O14N2. 
The molecule consists of three units, viz., Ring A (molecular formula C13H22NO8, observed at m/z 320) and Ring 
B (molecular formula C9H12NO4, molecular mass 198) and a two carbon fragment juxtaposed between Ring A and 
Ring B (molecular formula C2H4O2, molecular mass 60, shown by the peak at 380 (381-1H), observed in the 
MALDI-MS spectrum). Thus, Gwal Pahari Acid has the molecular formula C24H38N2O15, [M+, and m/z 578.1]. 
The theoretical molecular weight of the compound is m/z = 578.23 and the error percent thus being 0.02 %.  
5.2 UV-Visible Spectral Studies 
The UV-visible spectra humic substances were reported and the peaks obtained with slight Shoulder at 205, 320, 
375 nm previously (Adekunle et al. 2007). The UV-visible spectrum of Gwal Pahari Acid (Figure 5) showed peaks 
at 223, 244 and 299 nm, unlike other humic acids, which show absorbance due to phenolics, aromatics, anilines, 
polyenes, etc. In our case, the spectrum pointed towards absence of such chromophores. 
5.3 FT-IR Spectral Studies 
The obtained peaks at 3461 cm−1 (very broad peak due to hydrogen bonded hydroxyl groups and (N–H), 2999 
(aliphatic C–H groups), 1692 (C=O group), 1423 (aliphatic C–H groups), 961 (C–C of alcohol, ether, ester, 
polysaccharide groups and O–H of alcohol), 576 cm-1 (N-C-C=O) of carboxyl) and other peaks 2115 and 2422 
cm-1 were also present [loc.cit.]. 
5.4 Optical Activity 
Based on proposed structure and optical properties (Kwon, D. et. al. 2018) there are 13 chiral centers and according 
to (2n) rule, where n is equal to the number of chiral centers, the number of optical isomers possible is 8192. The 
new compound showed the αD of -4.40. 
5.5 1H-NMR Spectral Studies 
As we undertook NMR spectral studies on Gwal Pahari Acid it was clear that this is not going to be a trivial 
exercise and hence was undertaken in three different research institutes in India. No signal was observed in 
aromatic region at all. The strong signal at δ 3.33 is assigned to the methoxy group and dominated the spectrum. 
In the region a broad peak was observed at δ 0.93 ppm, showing the presence of methyl group. Since the 1H-NMR 
spectrum was recorded in D2O, no signals were expected to be observed due to groups containing rapidly 
exchangeable hydrogens e. g. protons of the -COOH and –OH groups. Ring A is relatively more flexible and is 
capable of pseudorotation and showed multiple signals, with fractional intensity, which supports its flexible nature. 
Ring B, on the other hand, constitutes the more rigid bicyclo (2. 2. 1) hexane system. In between, the Ring A and 
ring B, is the highly sterically hindered tetrahedral carbon atom, with its somewhat restricted rotation possibilities. 
It is suggested that the conformations that can be occupied by Ring A and the attached tetrahedral carbon are bound 
to influence Ring B. The assignments of the different protons in the new compound are shown in Table 1.  
 
Table 1. Assignments of the protons in the 1H-NMR spectrum of GPA 

Position of Ring Position of Proton  Chemical Shift in proton 
NMR 

Assignment 

 Ring A C-3 3.33 (s) 
 

 3-OCH3 

Ring A C-4 3.33(s) 4--OCH3 
Ring A C-5 3.33(s) 5-OCH3 
Ring A C-2 3.20-3.28 (m) 2-CH 
Ring A C-3 3.38-3.42 (m) CH 
Ring A C-1’ 3.53-3.58 (m) CH 
Ring A C-2’  1.51(q) CH2 
Ring A C-3’ 0.93 (t) CH3 
Ring A and Ring 
B 

C-1, 2, 1’’’, 2’’’   COOH 
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Between ring A 
and B 

C-1’’   

Between ring A 
and B 

C-2’’ 3.46.3.53 (m) -CH2 

Ring B C-1’’’   
Ring B C-2’’’ 2.55-2.58(d) 

 
CH  

Ring B C-3’’’ 2.25 (dd) CH 
Ring B C-4’’’ 2.2 (dd) CH 
Ring B C-5’’’ 2.48(d) CH 
Ring B C-6’’’ 2.11 (q) 6’’’-CH 
Ring B C-7’’’ 1.2-1.4 (m) -CH3 Bridge 
 Ring B    

 
The use of MATLAB-GUI interface using 3JH coupling in simple five membered rings has been proposed23 
However, our system is much more complex and would require further detailed mathematical analysis to 
understand the role of pseudo rotation, if any, in our system. 
The 13C NMR spectrum also put up surprises as only the signal for the methoxy group alone could be observed at 
49.0367 ppm.  
5.5 2D-NMR spectral studies of Gwal Pahari Acid: 
In Ring A there are three methoxy groups observed at δ 3.6-3.8 as shown in Table 2 (earlier observed at δ 3.33, 
attributed to nine protons at position 3, 4, 5. The highly shielded signal at δ 0.93 is assigned and shown in Table 
2. 
The HSQC spectrum clearly provides evidence of correlation of methoxy peak at δ 3.33 in 1H NMR and the 
different carbons and hydrogen in GPA. The presence of CH3, CH2, CHOH, CH groups and the methoxy peaks 
present at position 3, 4, 5. Combining 1H-NMR and 2D-NMR using HSQC spectrum showing the correlations and 
for better understanding of the molecular environment. The assignments based on 1-D and 2-D NMR is shown in 
Table 2. 
 
Table 2. Correlations determined using 2D-NMR data 

13C-NMR 
chemical shift 
values in ppm 

Carbon COSY (ppm) HSQC (ppm) 

52.5 -O-C-3 1.1-1.3(H-1’, 2’, 3’) -3.6-3.8 (H- 3,4,5) 1.51-23.5 (C-2’) 
49.85 -O-C-4 1.41-1.52 (H-??)- 3.68-3.89 ( 1.95-35 (C-4’’’) 
53.5 -O-C-5 1.4  ( CH3-7’’’) 2.05-28 (C-6’’’) 
37.5 C-2 1.45-1.52 (H-2)-3.6-3.8(3,4,5- OCH3) 2.1-26 (C-3’’’) 
57.2 C-3 1.32 -4.2  2.55-51 (C-2’’’) 
59.5 C-1’ 1.61(H-2’)-1.95(H-6’’’) 3.1-45(C-3’’’) 
23.5 C-2’ 1.70-1.85,1.95 3.20-37.5 (C-2) 
18.2 C-3’  3.6- 48.89, 52.5,53.5 (C-3,4,5 

OCH3) 
173.17 C-1 

C- 2 
C-1’’’ 

 3.85-59.5 (C-1’) 



sdr.ideasspread.org  Sustainable Development Research Vol. 5, No. 1; 2023 

 59 Published by IDEAS SPREAD 
 

C-2’’’ 
70.49 C-1’’  3.98-62.5 (C-2’’) 
62.5 C-2”   
67.5 C-1”’   
51.0 C-2’’’   
26.0 C-3’’’   
35.0 C-4’’’   
45.0 C-5’’’   
28.0 C-6’’’   
58.0 C-7’’’’   
27.5 Bridge Head 

Quat. 
Carbon 

  

The signal at δ1.1 and 1.3 (H-1’, 2’, 3’) correlates with 52.5 ppm and also correlates with 3.6-3.8 (H- 3,4,5) . 
 
5.6 Temperature Dependent NMR spectral Studies 
The NMR spectrum of GPA showing at 250 C (in blue) are shifted towards higher delta values at 700 C confirming 
the dynamic nature of parts of the molecule, which is also confirmed by the analysis of other NMR spectrum. 
5.7 Solid State NMR studies on Gwal Pahari Acid 
FT-IR spectrum and the alkali solubility of compound 1a indicated the presence of the carboxylic acid, but our 1H-
NMR studies could not provide clinching evidence for the presence of carboxylic acid group (s). Hence we 
undertook solid state NMR studies. 
This study provided evidence for the presence of carboxylic acid at 173.132, CH2OH at 70.495, methoxy signal at 
49.893 and the methyl group peak at 18.292. Solid state NMR studies thus confirmed the new compound being a 
carboxylic acid (Table 3).  
 
Table 3. Assignments based on Solid state NMR analysis of GPA 

Peaks of Carbon
δ (ppm) 

Position of Carbon  Groups 

18.292 C-3’ -CH3 
49.893 OCH3-3,4,5 -OCH3 
70.495 C-2” -CH2OH
173.132 COOH- 1, 2, 1’”, 2”’ -COOH

 
5.8 Scanning Electron Microscopy (SEM) studies of Gwal Pahari Acid: 
Previous SEM studies (Yang et al. 2020) on similar compounds also have established the crystalline property of 
such compounds and their crystal morphology are showing special granular surface.  
5.9 Chemical Structures of GPA and GPA-Doxorubicin Adduct 
Based on above data the chemical structure of GPA is shown in (Figure 20). Its 3D structure based on the Chem 
Draw software. 
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Figure 20. (a) The proposed structure of “Gwal Pahari Acid” (b) 3D structure of Gwal Pahari acid 

 
Ring A of the structure is a relatively flexible substituted cyclo pentane ring. Ring A is flexible and capable of 
showing pseudo rotation which makes NMR measurements very difficult. Ring B on the other hand is a cyclo 
pentane ring system, which is a methylene bridged which makes it conformationally rigid. Ring A and Ring B are 
connected to each other through a tetra-substituted sp3 carbon atom. The systematic name of the title compound, 
Gwal Pahari Acid is 2-Amino-2, 3 dicarboxy-1-(1-propan-1-ol-yl)-5-(2-amino-2, 3-dicarboxy-1, 4, 5-trimethoxy 
cyclopentyl-1-(hydroxyl-1-hydroxymethyl)-6-methylbicyclo [2.1.1] hexane. 

Scheme 2. The proposed structure of GPA-Doxorubicin conjugate 
Based on the spectroscopic data the structure of a mono adduct of GPA is shown in Scheme 2.  
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5.10 Plant Growth Promotory Potential of GPA (Gwal Pahari Acid) 
Although treatment with GPA also showed significant increase at 100 ppm and 200 ppm when compared with 
untreated control, however the highest improvement was recorded at 300 ppm (Figure 21). At higher conc. 400 
ppm and 500 ppm of GPA, the plant growth was significantly reduced and the plants gave a burning appearance, 
therefore GPA at 400 ppm conc. and above seems detrimental to plant growth (loc. cit.). There were no significant 
difference observed among the treatments T2 (200 ppm) and T3 (300 ppm) in terms of improvement of plant 
growth parameters studied except root length, however differences observed between T1 (100 ppm) and T3 (300 
ppm) were significant. 

 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 21. Impact of GPA on plant growth parameters at different conc. (T1: 100 ppm, T2: 200 ppm, T3: 300 ppm 
and Control: untreated). Different letters indicate significant difference (p<0.05) between treatments 

 
However, GPA at conc. 300 ppm showed highest improvement in plant growth (Figure 14 c). There was 108% 
increase observed in the root length while shoot length was increased by nearly 100% in tomato plants treated with 
300 ppm GPA as compared to control. Similarly, a significant increase in the fresh wt. (>290%) as well as dry wt. 
(>290%) was also observed in the plants treated with GPA 300 ppm. 
5.11 Ion Leakage Assay Studies Using Arabidopsis Thaliana as Model Plant System 
We took 1 g of plant tissue from both the treated as well as the control sample in 10 ml non-ionized Millipore 
distilled water and kept it for 3 hours under vigorous tumbling condition. Then the water was decanted into a sterile 
glass container and comparatively measured the released ions through conduction meter (Figure 22). 

A
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B
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Figure 22. (a) Picture of treated and control in growth (b) Fresh weight of treated and control (c) Ion leakage 
assay results in treated and untreated Arabidopsis thaliana 

 
Gwal Pahari Acid helps the plant to reduce the ion leakage and thus helps to the strengthening cell wall stability 
[loc. cit]. 
5.12 Studies on Gwal Pahari Acid-Doxorubicin Conjugate: 
5.13 Mass spectral studies of GPA-Doxorubicin Conjugate 
The molecular Ion peak of Gwal Pahari Acid is 578.1 and the molecular formula being C24 H38 O14 N2 and after 
losing a hydrogen the peak was obtained at m/z 577.1. Conjugated with Doxorubicin (C27H29NO11, 543.52) with 
Gwal Pahari acid (578.1) yields the peak at m/ z 1111.8 (i. e., 578.1- 17.00 (OH) = 561.1; + 542.5 + 39.09 (K) = 
m /z 1142.69– 31.03 (OCH3) = m/z 1111.66. Observed m/z; 1111.80, Error percentage is 0.01 %; calculated based 
on obtained peak. 
5.14 UV- Visible Spectral Studies of GPA- Doxorubicin Conjugate:   
In these studies we observed peaks at 206, 236 and 253 nm and at 385, 476, 501 and 534 nm showing the presence 
of both Gwal Pahari Acid and Doxorubicin, though somewhat blue shifted due to conjugation (Bandak et al.  
1999). 
5.15 FT-IR Spectral Studies of GPA- Doxorubicin Conjugate: 
The FT-IR spectrum of Gwal Pahari Acid -Doxorubicin conjugate  showed  peaks at 923 cm-1 ( C-O-bending), 
1085 cm-1 , 1249 cm-1(C-O stretching), 1378 cm-1 (O-H bending), 1467 cm-1 (Ring C-H bending), 1604 cm-1 (C-H 
bending ), 1743 cm-1 (C=O ), 2846 cm-1 (C-H stretching), 2952 cm-1 (C-H stretching) and 3419 cm-1 (O-H 
Stretching) which shows the presence of Doxorubicin and confirms the conjugation of Doxorubicin with Gwal 
Pahari Acid (Gautam et al. 2021). 
6. Conclusion 
A new Humic acid has been isolated from the soil of Gwal Pahari, Gurgaon, Haryana, India. It shows a positive 
Ninhydrin test and contains both partly rigid and dynamic five-membered ring systems, one of which is capable 
of exhibiting pseudorotation. Spectroscopic studies like FT-IR, UV-visible spectroscopy, and mass spectrometry 
helped in putting up the proposed structure. However, detailed NMR studies [1H- NMR; 2D-NMR (COSY, HSQC, 
HMBC; CP-MAS-SS-NMR)], though challenging, and helped arriving at the structure of the new compound. 
Based on ion leakage studies, the new compound has been shown to protect the model plant Arabidopsis thaliana. 
The greenhouse studies showed that Gwal Pahari Acid (GPA) has significant potential to improve plant growth 
and may be used as an adjuvant in combination with other PGPRs and/or bio-fertilizers in organic agriculture. 
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However, further studies are required to determine its impact on various economically important crops across 
various agro-climatic conditions. 
Studies like the present one could help grow better vegetables, quality fruits (peas, potatoes, tomatoes, 
pomegranates, mangoes) cereals and pulses. Humic acids present in soil, lignite, city solid waste and compost can 
also lead to similar compounds, which lead to increased agricultural output. These could lead to reduction in the 
uses of inorganic substances in agriculture and highlight the natural organic plant nutrients present in soil leading 
to a positive impact on the environment and climate change.  Such humic acids also have a role in material science 
[(e. g., Dye Sensitized Solar cells (DSSC)], which could contribute to the energy sector of economy.  
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