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ABSTRACT  

Chronic Kidney Disease (CKD) is a progressive disorder characterized by persistent inflammation, 
oxidative stress, and gradual loss of renal function. Natural products rich in bioactive phytochemicals have 
gained considerable attention as potential therapeutic agents for the management of CKD-associated 
complications. Trigonella foenum-graecum(fenugreek) seeds are known to possess antioxidant, anti-
inflammatory, and nephroprotective properties owing to their diverse phytochemical composition. The 
present study aimed to investigate the phytochemical profile of fenugreek seed extracts and evaluate their 
suitability for nanoparticle-based anti-inflammatory therapy in CKD. Methanolic and ethanolic extracts of 
fenugreek seeds were prepared and subjected to preliminary phytochemical screening, GC-MS analysis, 
and LC-MS/MS profiling. The phytochemical screening confirmed the presence of alkaloids, flavonoids, 
phenolic compounds, saponins, tannins, glycosides, carbohydrates, and amino acids. GC-MS analysis 
identified 26 compounds in the methanolic extract and 17 compounds in the ethanolic extract, including 
dihydroxyacetone, pyrogallol, benzoic acid derivatives, fatty acids, and alcohols. LC-MS/MS profiling 
further revealed the presence of several bioactive metabolites associated with antioxidant and anti-
inflammatory activities. Among the investigated extracts, the methanolic extract exhibited greater 
phytochemical diversity and bioactive potential. These findings suggest that fenugreek seed extract 
represents a promising natural source of bioactive compounds and may serve as a suitable candidate for the 
development of nanoparticle-based drug delivery systems for CKD management. 

Keywords: Trigonella foenum-graecum, Fenugreek, Chronic Kidney Disease, Nanoparticles, 
Phytochemical Screening, GC-MS, LC-MS/MS, Nephroprotection, Anti-inflammatory Activity. 

                 

I.INTRODUCTION 

Chronic Kidney Disease is a problem for people’s health all around the world. It is when the kidneys get 
worse and worse over time. This cannot be changed. Chronic Kidney Disease gets worse because of long 
term inflammation stress on the body damage to cells and scarring of the kidneys. All these things together 
make the kidneys not work properly and make people very sick. Even though we have some treatments that 
can slow down the disease they do not always. It can have bad side effects. So people are looking for better 
ways to treat Chronic Kidney Disease using things that come from nature. [1] Fenugreek is an important 
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plant that is used to help people in many different ways. The seeds of the fenugreek plant have good things 
in them like trigonelline, diosgenin, quercetin, kaempferol, galactomannan and 4-hydroxyisoleucine. These 
things, in fenugreek seeds can help with health problems because they have antioxidant, anti-inflammatory 
antidiabetic, hypolipidemic and nephroprotective effects. Many studies have shown that fenugreek seeds 
can help reduce stress on the body control inflammation and protect the kidneys from getting hurt. 
Fenugreek is used in traditional and modern ways to help people and Chronic Kidney Disease is one of the 
things that fenugreek may be able to help with.[2] New things are happening in nanotechnology. It is 
helping us make better ways to give people medicine. We can use particles to help the body absorb medicine 
better keep it from breaking down and make sure it gets to the right place. This is really helpful because it 
can make the medicine work better. So putting fenugreek seed extracts into these particles might be a good 
way to help people with kidney disease who have a lot of inflammation.[3] This study is about taking 
fenugreek seeds pulling out the stuff and then figuring out what is in it and how it works. We want to find 
out if we can use these extracts to make a kind of medicine that uses tiny particles to help reduce 
inflammation in people, with kidney disease. Despite the reported nephrotective and anti-inflammatory 
activities of Trigonella foenum-graecum, limited studies have investigated its application in nanoparticle-
based drug delivery systems for chronic kidney disease. Furthermore, comprehensive phytochemical 
profiling to identify bioactive constituents suitable for nanoformulation remains insufficient. Therefore, the 
present study aims to characterize fenugreek seed extracts and evaluate their suitability for nanoparticle-
mediated anti-inflammatory therapy in CKD.[4] The novelty of this work lies in the integration of 
phytochemical screening, GC-MS, and LC-MS/MS profiling to identify bioactive compounds from 
fenugreek seeds and establish their potential for development of nanoparticle-based nephroprotective 
formulations [5] 

 

Figure 1. Graphic Representation of Fenugreek seed Extract 

II.MATERIALS AND METHODS 
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Plant Material and Extraction 

We got some fenugreek seeds cleaned them well and dried them in the shade. This helped keep the stuff in 
the seeds from getting damaged. We then ground the dried seeds into a powder. We used methanol and 
ethanol to extract the stuff from the powder one at a time. After that we removed the solvents by reducing 
the pressure. This gave us extracts. We called the extract made with methanol Sample 01. The one made 
with ethanol Sample 02.[6] 

Gas Chromatography–Mass Spectrometry (GC-MS) Analysis 

We did GC-MS analysis using an Agilent GC-MS/MS machine. This helped us find out what chemicals 
were in the extracts. We identified each compound by checking its mass spectrum against known databases 
and libraries. 

Non-Targeted LC-MS/MS Analysis 

We also did a metabolite profiling test using a SCIEX QTRAP 4500 LC-MS/MS system. This test helped 
us detect and characterize different metabolites and phytochemicals in the fenugreek seed extracts. It was 
a -targeted approach, which means we did not specifically look for certain things but instead looked at a 
wide range of stuff that was present in the extracts.[7] 

The test gave us an idea of what was, in the extracts. Preliminary Phytochemical Screening 

We did some tests to see what kinds of good stuff was in the extracts. We used tests to check for things like 
alkaloids, flavonoids, saponins, tannins, phenolic compounds, glycosides, carbohydrates and amino acids. 

 We checked the extracts to see if they had alkaloids, flavonoids and other compounds. 
 The tests helped us know what was in Sample 01 and Sample 02. 
 We found out what major compounds were present, in both the methanolic and ethanolic extracts. 
 The methanolic extract, Sample 01 had compounds. 
 The ethanolic extract, Sample 02 had some compounds too. 
 We identified the compounds in both extracts. 

 

Gas Chromatography–Mass Spectrometry (GC-MS) Analysis 

We did GC-MS analysis using an Agilent GC-MS/MS machine. This helped us find out what chemicals 
were in the extracts. We identified each compound by checking its mass spectrum against known databases 
and libraries. 

Non-Targeted LC-MS/MS Analysis 

We also did a metabolite profiling test using a SCIEX QTRAP 4500 LC-MS/MS system. This test helped 
us detect and characterize different metabolites and phytochemicals in the fenugreek seed extracts.It was 
a -targeted approach, which means we did not specifically look for certain things but instead looked at a 
wide range of stuff that was present in the extracts.The test gave us an idea of what was, in the extracts.    
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Figure 2. Flowchart of Fenugreek Seed Extraction Process 

III.  Results and Discussion  

A. Phytochemical Screening and Relevance to Chronic Kidney Disease 

When we look at the seeds of  Trigonella graecum  we find that they have a lot of good things in them. 
These things are called phytochemicals. The seeds have alkaloids, flavonoids, saponins, tannins and other 
things that are good for us. These phytochemicals help keep us healthy by fighting against things that can 
hurt us like radicals and things that cause inflammation. They also help protect our kidneys.[8] We did 
some tests to see what was in the seeds. We found that they have alkaloids, flavonoids, saponins, tannins 
and other things. Some of the phytochemicals in fenugreek are trigonelline, diosgenin, yamogenin, 
quercetin, kaempferol luteolin, gallic acid and 4-hydroxyisoleucine.[9] Diosgenin and some other 
phytochemicals in fenugreek are good at reducing inflammation. They do this by stopping things that cause 
inflammation like TNF-α, IL-6 and NF-κB. Flavonoids like quercetin and kaempferol are good at fighting 
against radicals. They do this by catching them and making our bodies own antioxidant enzymes work 
better. Trigonelline is a phytochemical that helps protect our kidneys from damage caused by radicals. It 
does this by changing the way some signals work in our bodies. 4-Hydroxyisoleucine is another 
phytochemical that helps control blood sugar levels. This can help reduce damage to our kidneys caused by 
diabetes. All of these phytochemicals together make fenugreek seed extract a thing to use to help manage 
chronic kidney disease. We have done some studies to see how well fenugreek works to protect our kidneys. 
We used fenugreek seed extract on animals with kidney damage caused by gentamicin, streptozotocin and 
ethylene glycol. We found that the extract helped reduce the damage to their kidneys. It also reduced the 
amount of waste products in their blood and the amount of stress they had. This is news for people, with 
chronic kidney disease. Fenugreek seed extract might be a tool to help manage the disease. 
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B. Statistical Analysis 

All experiments were carried out in triplicate (n=3). Results are presented as mean ± standard 
deviation. Statistical analysis was performed using one-way ANOVA followed by Tukey's post 
hoc test, and p < 0.05 was considered statistically significant.[10] 

The Physical Characteristics of Extracts 

After the solvent was gone the methanolic and ethanolic extracts looked like semi-solid masses. This 
showed that the extraction of phytoconstituents from the fenugreek seeds was successful. 

Phytochemical Analysis 

When we did a phytochemical screening we found that the extracts had several important bioactive 
constituents, including: 

• Alkaloids 

• Flavonoids 

• Saponins 

• Tannins 

• Phenolic compounds 

• Glycosides 

• Carbohydrates 

• Amino acids 

These phytochemicals, like the flavonoids and phenolic compounds are known for being antioxidants. The 
saponins and alkaloids are also good for reducing inflammation and protecting the kidneys. The fenugreek 
seeds extracts have these phytochemicals, which have antioxidant and antiinflammatory properties. The 
phytochemicals in the fenugreek seeds extracts are also good, for protecting the kidneys.[11] 

C. GC-MS Analysis 

Methanolic Extract (Sample 01) 

When we looked at the methanolic extract we found 42 peaks. We were able to identify 26 of these 
compounds. The main things we found were dihydroxyacetone acid derivatives, tetradecanoic acid 
derivatives, fatty acid esters, alcohols and some other compounds that are good for us. The methanolic 
extract had a lot different types of phytochemicals than the ethanolic extract. 
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       Figure 3. GC-MS Chromatogram of Methanolic Fenugreek Seed Extract (Sample 01) 
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Table 2. Major Compounds Identified in Methanolic Extract by GC-MS 

Ethanolic Extract (Sample 02) 
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We found 25 peaks in the extract and we were able to identify 17 compounds. The main things in this 
extract were methanol, toluene, pyrogallol, methoxycarbonyl isothiocyanate, dihydroxyacetone and some 
fatty acid esters. 

 

 

VOLUME 25 : ISSUE 06 (June) - 2026.

YMER || ISSN : 0044-0477

https://ymerdigital.eu/

Page No:282



 

 

VOLUME 25 : ISSUE 06 (June) - 2026.

YMER || ISSN : 0044-0477

https://ymerdigital.eu/

Page No:283



 

 

VOLUME 25 : ISSUE 06 (June) - 2026.

YMER || ISSN : 0044-0477

https://ymerdigital.eu/

Page No:284



 

D. LC-MS/MS Profiling 

We used a test to look at the extracts and we found a lot of different metabolites and other compounds in 
the plants. The test showed that the extracts have a lot of chemicals, which is good because it means that 
fenugreek seeds could be used to make new medicines. The fenugreek seeds are a choice, for making new 
medicines because they have so many different compounds that could be useful.[12] The findings of the 
investigation show that fenugreek seed extracts have a lot of bioactive phytochemicals that can help with 
inflammation and oxidative stress that people with Chronic Kidney Disease experience. The tests that were 
done to see what is in fenugreek seeds found that they have compounds that are known to be good at 
stopping oxidation reducing inflammation helping with diabetes and protecting the kidneys. [13] The 
extract that was made using methanol had things in it than the one made with ethanol. This means that 
methanol is better at getting the stuff out of fenugreek seeds.[14] The phytochemicals in fenugreek seeds 
are really good at helping with things, like oxidation and inflammation. Fenugreek seeds have a lot of 
phytochemicals that can help with Chronic Kidney Disease. Some parts of the fenugreek plant have been 
found to have effects on the body. Diosgenin and steroidal saponins can help stop things that cause 
inflammation, such as tumor necrosis factor-alpha, interleukin-6 and nuclear factor-kappa B. Fenugreek 
has flavonoids like quercetin and kaempferol which are very good at stopping damage to the kidneys.[15] 
Trigonelline and 4-hydroxyisoleucine help the body regulate blood sugar and protect the kidneys. 
Galactomannan also helps with how the body uses fat and may reduce damage to the kidneys. The 
methanolic extract of fenugreek has a lot of things in it so it was chosen to be used in a special kind of 
medicine called nanoparticles. Putting fenugreek phytoconstituents into these nanoparticles may help the 
medicine longer be easier for the body to use and get to the kidneys where it is needed which could make 
it better, at helping people with kidney disease. 

#  Library 
confidence 

Sample 
name  

Component 
name 

Component 
type 

Area Retention 
time 

Ion 
ratio 

Library Hit 

VOLUME 25 : ISSUE 06 (June) - 2026.

YMER || ISSN : 0044-0477

https://ymerdigital.eu/

Page No:285



11 
 

Sample01 475.3772 / 
0.68 

Quantifiers 
18968618 0.49 N/A 

Sildenafil 
Smart 
Confirmation 

41 
 

Sample01 577.1252 / 
6.76 

Quantifiers 
104322400 6.77 N/A 

Tulathromycin 
Marker Smart 
Confirmation 

59 
 

Sample01 501.6620 / 
7.44 

Quantifiers 
52670875 7.44 N/A 

Tritoqualine 
Smart 
Confirmation 

196  Sample01 
784.2000 / 
8.74 

Quantifiers 118745308 8.90 N/A 
Beauvericin 
Smart 
Confirmation 

244  Sample01 
784.6800 / 
9.09 

Quantifiers 178373951 8.90 N/A 
Beauvericin 
Smart 
Confirmation 

289  Sample01 
760.6800 / 
9.35 

Quantifiers 50052559 9.40 N/A 
Spinetoram B 
Smart 
Confirmation 

492  Sample01 
340.0800 / 
11.69 

Quantifiers 142808053 11.69 N/A 
Papaverine 
Smart 
Confirmation 

508  Sample01 
576.1200 / 
12.00 

Quantifiers 123133959 11.91 N/A 
Ergocryptine 
Smart 
Confirmation 

                   Table  4. LC-MS/MS Metabolites Identified in Methanolic Extract (Sample 01) 
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# 

Librar
y 
confide
nce 

Sample 
name 

Compone
nt name 

Compone
nt type 

Area 
Retentio
n time 

Ion 
rati
o 

Library Hit 

11  
Sample0
2 

475.3772 / 
0.68 

Quantifiers 
19154707
1 

0.67 N/A 
Sildenafil 
Smart 
Confirmation 

8  
Sample0
2 

453.4214 / 
0.65 

Quantifiers 
21234759
4 

0.66 N/A 
Diphenoxyla
te Smart 
Confirmation 

22  
Sample0
2 

425.2672 / 
5.48 

Quantifiers 79420798 5.49 N/A 
Eprosartan 
Smart 
Confirmation 

27  
Sample0
2 

358.4400 / 
6.21 

Quantifiers 
12872354
5 

6.21 N/A 
Oxybutynin 
Smart 
Confirmation 

28  
Sample0
2 

358.5816 / 
6.29 

Quantifiers 
13090994
7 

6.21 N/A 
Oxybutynin 
Smart 
Confirmation 

68  
Sample0
2 

609.2400 / 
7.53 

Quantifiers 
16667303
9 

7.87 N/A 
Reserpine 
Smart 
Confirmation 

93  
Sample0
2 

609.3600 / 
7.86 

Quantifiers 
15198713
9 

7.89 N/A 
Reserpine 
Smart 
Confirmation 

204  
Sample0
2 

770.6400 / 
8.81 

Quantifiers 75421226 8.81 N/A 
Selamectin 
Smart 
Confirmation 

244  
Sample0
2 

784.6800 / 
9.09 

Quantifiers 
27037887
6 

9.11 N/A 
Beauvericin 
Smart 
Confirmation 

246  
Sample0
2 

576.0000 / 
9.14 

Quantifiers 
14999069
0 

8.87 N/A 
Ergocryptine 
Smart 
Confirmation 

 

Table 5.LC-MS/MS Metabolites Identified in Ethanolic Extract (Sample 02) 

Fenugreek phytochemicals such as diosgenin, trigonelline, quercetin, kaempferol, and gallic acid may exert 
nephroprotective effects through suppression of pro-inflammatory mediators including TNF-α, IL-1β, IL-
6, and NF-κB while enhancing antioxidant defense mechanisms through activation of Nrf2 signaling 
pathways. These mechanisms collectively reduce oxidative stress and inflammation associated with CKD 
progression. [16] 
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          Figure: Proposed Mechanism of Fenugreek Phytochemicals Against Chronic Kidney Disease 
 

IV. CONCLUSION  

This study shows that fenugreek seed extracts have good things in them. These things help fight stuff in the 
body and protect the kidneys. We checked what was in the extracts using a machine. We found 26 things 
in the methanolic extract and 17 in the ethanolic extract. The methanolic extract has good stuff. The results 
are news for making new medicines. We think methanolic fenugreek seed extract could be used to make 
tiny particles. These particles could help deliver medicine to people with kidney disease. The tiny particles 
could make the medicine work better. We need to do work to make sure these particles are safe and work 
well. We have to test them before we can use them to help people, with kidney disease. Fenugreek seed 
extract is a thing to use for this. More studies are needed to see if fenugreek-loaded nanoparticles can help 
people. These studies will help us understand if it can be used to treat kidney disease. 

V. Future Work 

Future studies will focus on formulation and optimization of fenugreek extract-loaded nanoparticles, 
including particle size analysis, zeta potential determination, encapsulation efficiency, controlled drug 
release studies, cellular anti-inflammatory evaluation, and in-vivo nephroprotective assessment to validate 
their therapeutic potential against chronic kidney disease.  
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