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INTRODUCTION: 

The Principle of separation is adsorption. 

One or more compounds are spotted on a thin layer 

of adsorbent coated on a chromatographic plate. 

The Structure phase (developing solvent) flows 

through because of capillary action (against 

gravitational force). The compounds move 

according their affinities towards the adsorbent. 

The component with more affinity towards the 

stationary phase travels slower. The component 

with lesser affinity towards the stationary phase 

travels faster. Validation demonstrates that the 

developed method is fit for its intended purpose 

The chromatographic separation has been achieved on HPTLC silica 60 F254 

plates (10.0 cm × 10.0 cm, 0.20 mm thickness, E. Merck, Germany). The 

specimens were applied as bands measuring 6 mm in width using a 100 μl sample 

syringe onto precoated silica gel aluminum plates 60 F254 (10×10 cm, E Merck, 

Darmstadt, Germany) utilizing a Camag Linomat 5 sample applicator 

(Switzerland). Application was conducted through a CAMAG Linomat 5 auto-

sampler employing a CAMAG microliter syringe (100.0 μL) (CAMAG, Muttenz, 

Switzerland). Prior to chromatography, the plates underwent methanol prewashing 

and were activated at 110° for 5 minutes. A constant application rate of 150 nl/sec 

was maintained, with a 6 mm spacing between two bands. Slit dimensions were 

set at 6×0.45 mm. The mobile phase, comprised of Ethyl acetate : Methanol : 

Toluene: Glacial acetic acid (7.5:1:1:0.5, v/v/v/v) facilitated linear ascending 

development in a 10×10 cm twin-trough glass chamber. The optimized chamber 

saturation time for the mobile phase was set at 30 minutes, at a temperature of 

(25±2°) and relative humidity of (60±5%). The chromatogram run length was 8 

cm, and TLC plates were air-dried. Densitometric scanning was executed using a 

Camag TLC Scanner 3 equipped with winCATS software version 1.3.0 at 270 nm, 

with a deuterium lamp serving as the radiation source. Evaluation was conducted 

utilizing peak area with linear regression. 
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and consistently delivers dependable results. 

Validation parameters include accuracy, 

precision, linearity, specificity, limit of 

detection, limit of quantitation, and 

robustness. These parameters guarantee 

method reliability for regulatory compliance 

and quality assurance and also perform the 

force degradation study in acid hydrolysis, 

base hydrolysis, Oxidative degradation, 

photolytic degradation, thermal degradation. 

MATERIAL AND METHODS: 

Nebivolol Hydrochloride API and 

Ramipril API: API utilized in the 

preparation and 
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analysis of pharmaceutical formulations. 

Nebivolol HCl, API gifted by Hema 

Pharmaceuticals Pvt. Ltd. Ankleshwar, Gujarat. 

Ramipril a API gifted by Kavya Pharma, Surat - 

395010, Gujarat, India 

 Methanol HPLC grade (Finar), Acetonitrile 

HPLC grade (Rankem) 

 Double distilled Water 

 Potassium Hydroxide, Sodium Hydroxide, 

Hydrochloric acid, Hydrogen Peroxide: 

Used in solution preparation and pH 

adjustments of analytical grade. 

 A reagent ethyl acetate, hexane, toluene, 

glacial acetic acid in various analytical 

procedures  of  analytical  grade  were 

purchased from Merck or equivalent supplier. 

 These reagents and materials are essential for 

conducting precise and reliable experiments, 

ensuring the accuracy and reproducibility of 

results in the laboratory. 

SELECTION OF WAVELENGTH: 

2 mL of Nebivolol HCl and 2 mL of 

Ramipril stock solutions were each transferred into 

separate volumetric flasks and diluted to volume 

with methanol to obtain 20 µg/mL solutions. Each 

solution was scanned from 200–400 nm against 

methanol as the blank, and their spectra were 

recorded. 

 

 

Fig : UV of overly spectra of Nebivolol hydrochloride and Ramipril 

 

MOBILE PHASE OPTIMIZATION: 

 

   

1. Toluene : Methanol : Tr 

iethylamine 

(7.5 : 2.0 : 0.5, v/v/v) 

- Both drug rf value same 

2. Ethyl acetate :Toluene 

(4.0 :6.0 v/v) 

- This system showed 

sharper peaks but slightly 

diffused bands, no 

separation 

3. Toluene : Ethyl 

acetate : Glacial 

acetic acid 

(6.5 : 2.5 : 1.0, v/v/v) 

- This system showed 

sharper peaks but 

slightly diffused 

bands, no separation 
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4. Chloroform : Methanol 5.Ethylacetate:Methanol ethyl acetate- methanol- 

(9.0 : 1.0, v/v) :Toluene:Glacial acetic toluene (4.0 : 2.5 :3.5) - 

-  Fast  migration  and acid (7.5 : 1: 1:0.5, Peak shape not proper 

high Rf values, but poor v/v/v)  

resolution between Produced  compact  and  

Ramipril and Nebivolol. symmetrical peaks with  

 good reproducibility,  

 especially for Ramipril  

 degradation studies.  

 

METHOD VALIDATION: 

Specificity: 

Specificity was assessed by comparing 

chromatograms of the marketed formulation with 

those of the pure APIs (NEBI and RAMI). Rf 

values and peak areas matched accurately, and 

peak purity confirmed no interference. No 

excipient peaks overlapped with NEBI or RAMI in 

either the synthetic mixture or the commercial 

formulation. This verifies that the method can 

clearly identify and quantify both drugs without 

matrix interference. 

 

 

Peak purity spectra of both NEBI and RAMI 
 

 

Fig: Densitogram of Blank 
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Fig: Densitogram of RAMI and NEBI mixture 
 

LINEARITY: 

Linearity was evaluated for NEBI and 

RAMI across 200–1200 ng/band. Calibration 

curves showed strong proportionality between 

concentration and peak area, with R² > 0.999 for 

both drugs. Regression analysis confirmed 

excellent linear response throughout the range. 

Results are shown in Tables, with providing a 3D 

densitogram overlay supporting linearity. 

 

Sr. 

no 

Concentration 

g/band) 

Mean peak area ± 

S.D. (n=6) 
% R.S.D. 

1 200 1606 ± 30.47 
1.89 

2 400 3071 ± 43.88 
1.42 

3 600 4337 ± 77.58 
1.78 

4 800 5691 ± 66.73 
1.17 

5 1000 7045 ± 113.05 
1.60 

6 1200 8468 ± 145.69 
1.72 
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Sr. 

no 

Concentration 

(ng/band) 

Mean peak area ± S.D. 

(n=6) 
% R.S.D. 

1 200 2127 ± 29.47 1.39 

2 400 3940 ± 67.04 1.70 

3 600 5609 ± 71.67 1.28 

4 800 7283 ± 100.90 1.39 

5 1000 9270 ± 122.78 1.32 

6 1200 10922 ± 156.21 1.43 

 

 

PRECISION: 

Intraday and interday precision were 

evaluated for NEBI and RAMI, with all %RSD 

values below 2%. This confirms excellent method 

precision both within the same day and across 

different days/analysts. 

 

Conc. ng/band) Mean peak 

area ± SD 

RAMI 

 

% 

RSD 

Mean peak area 

± SD 

NEBI 

 

% RSD 

RAMI NEBI 

200 200 2116.62 ± 21.38 1.01 1592.64 ± 12.23 0.77 

600 600 5549.50 ± 79.64 1.44 4343.22 ± 55.56 1.28 

1200 1200 
10862.55 ± 
110.81 1.02 

8400.25 ± 83.40 
0.99 
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Tab: Intraday Precision 

 

Conc. (ng/band) Mean peak 

area 

± SD RAMI 

 

% 

RSD 

Mean peak area 

± SD 

NEBI 

 

% RSD 

RAMI NEBI 

200 200 2123.75 ± 32.66 1.54 1628.74 ± 31.21 1.92 

600 600 
5668.39 ± 101.91 1.80 4351.46 ± 50.08 1.15 

1200 1200 10827.05 ± 126.39 
1.17 

8344.08 ± 110.18 
1.32 

 

Tab: Interday Precision 
 

ACCURACY: 

Accuracy was assessed through recovery 

studies at 50%, 100%, and 150% spiking levels. 

Recovery for RAMI ranged from 99.41–100.07%, 

and for NEBI from 99.70–101.25%, confirming 

excellent method accuracy. 

 

 

Level 

Conc. of RAMI 

from 

Synthetic 

mixture 

(ng/band) 

Amount of 

Std. RAMI 

added 

(ng/band) 

Total amount 

of RAMI 

(ng/band) 

Total amount of 

RAMI 

Recovered 

(ng/band) * 

Mean 

 

% 

Recovery 

0% 
400 0 

400 398.89 99.72 

50% 
400 200 

600 599.63 99.94 

100% 
400 400 

800 800.59 100.07 

150% 
400 600 

1000 994.12 99.41 

 

LIMIT OF DETECTION AND 

QUANTIFICATION: 

The LOD and LOQ were found for RAMI 

and NEBI shown in table respectively indicating 

high sensitivity of the method 

 

Parameters RAMI (ng/band) NEBI (ng/band) 

LOD 4.70 19.06 

LOQ 14.24 57.77 

 

ROBUSTNESS: 

Robustness was assessed by introducing 

small deliberate changes to the HPTLC 

conditions. The consistently low %RSD values 

demonstrated that the method remains reliable and 

unaffected by minor variations. 
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Parameters 
Change in 

condition 

RAMI NEBI 

Peak Area %RSD Peak Area %RSD 

Detection 

wavelength 

(225nm) 

223 nm 5603.87±39.59 0.71 4529.8±23.89 0.53 

225 nm 5563.04±18 0.32 4446.29±79.33 1.78 

227 nm 5589.17±100.82 1.80 4379.27±56.9 0.00 

Chamber Saturation 

time 

(30 min) 

25 min 5520.37±22.97 0.42 4465.77±75.36 1.69 

30 min 5563.04±18 0.32 4446.29±79.33 1.78 

35 min 5564.85±42.27 0.76 4412.2±79.34 1.80 

 

 

Mobile Phase Ethyl 

acetate : Methanol : 

Toluene: Glacial 

acetic acid 

(7.5:1:1:0.5, v/v/v) 

 

(7.5:0.5:1.5:0.5, 

v/v/v) 

 

5587.5±27.81 

 

0.50 

 

4478.66±60.27 

 

1.35 

(7.5:1:1:0.5, 

v/v/v) 

 

5563.04±18 

 

0.32 

 

4446.29±79.33 

 

1.78 

(7.0:1.5:1:0.5, 

v/v/v) 

 

5522.26±24.29 

 

0.44 

 

4474.61±34.49 

 

0.77 

 

FORCE DEGRADATION STUDY: 

Acid hydrolysis: 

Under acid hydrolysis (60 °C, 30 min), Ramipril 

showed 11.07% degradation with two degradant 

peaks at Rf 0.18 and 0.51. Nebivolol showed 

17.49% degradation, forming two degradant peaks 

at Rf 0.76 and 0.79, while parent peaks remained 

detectable. 

 

 

Fig: Densitogram of nebivolol and ramipril in acid hydrolysis 

 
Fig: Densitogram of Ramipril 
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Fig: Densitogram of Nebivolol 
 

BASE HYDROLYSIS: 

Under base hydrolysis (60 °C, 30 min), 

Ramipril showed 14.90% degradation with 

degradant peaks at Rf 0.19 and 0.40. Nebivolol 

showed 13.63% degradation, forming additional 

peaks at Rf 0.52 and 0.76 alongside the parent peak. 

 

 

Fig: Densitogram of nebivolol and ramipril in base hydrolysis 

 
Fig: Densitogram of Ramipril 
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Fig: Densitogram of Nebivolol 

 

OXIDATIVE STRESS DEGRADATION 

STUDY: 

Under oxidative stress with hydrogen 

peroxide, Ramipril showed 9.64% degradation 

with degradant peaks at Rf 0.21 and 0.39. 

Nebivolol showed 9.84% degradation, producing 

additional peaks at Rf 0.53 and 0.83 while retaining 

the parent peak. 

 

 

Fig: Densitogram of nebivolol and ramipril in oxidative degradation 

 

Fig: Densitogram of Ramipril 
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Fig: Densitogram of Nebivolol 
 

THERMAL STRESS DEGRADATION 

STUDY: 

Under dry heat conditions, Ramipril 

showed 6.11% degradation with one degradant 

peak at Rf 0.22. Nebivolol showed 5.76% 

degradation, forming a degradant at Rf 0.45 while 

both parent peaks remained intact. 

 

 
Fig: Densitogram of nebivolol and ramipril in Thermal degradation 

 

Fig: Densitogram of Ramipril 



Patel J. & Basera I., Jour. Sci. Res. Allied Sci., 12(2), 238-252 2026 

249 | P a g e 

 

 

 

 

Fig: Densitogram of Nebivolol 
 

PHOTOLYTIC STRESS DEGRADATION 

STUDY: 

Under photolytic (UV) exposure, Ramipril 

showed 4.49% degradation with a minor 

degradant at Rf 0.20. Nebivolol showed 6.74% 

degradation, forming a degradant at Rf 0.47 while 

its parent peak remained visible. 

 

 

Fig: Densitogram of nebivolol and ramipril in Photolytic degradation 

 

Fig: Densitogram of Ramipril 
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Fig: Densitogram of Nebivolo 

 

CONCLUSION: 

A robust, accurate, and stability-indicating 

High-Performance Thin Layer Chromatography 

(HPTLC) method was successfully developed and 

validated for the simultaneous estimation of 

Ramipril and Nebivolol in bulk and combined 

dosage forms. The method employed silica gel 60 

F₂₅₄ TLC plates with a carefully optimized mobile 

phase, achieving well-resolved, sharp, and 

reproducible peaks with Rf values of ~0.35 for 

Ramipril and ~0.58 for Nebivolol. Densitometric 

detection at 225 nm provided optimal sensitivity for 

both analytes. 

Forced degradation studies under acidic, 

alkaline, oxidative, thermal, and photolytic stress 

conditions revealed significant degradation of both 

drugs under hydrolytic and oxidative 

environments, with minimal degradation under 

thermal and photolytic conditions. Distinct 

degradation products were observed with different 

Rf values, confirming drug instability in specific 

conditions. 

Importantly, the developed HPTLC method 

demonstrated excellent specificity by effectively 

separating all degradation peaks from the intact 

drugs, affirming its suitability as a stability-

indicating assay. The method is therefore 

appropriate for routine quality control, stability 

analysis, and regulatory submissions involving 

Ramipril and Nebivolol. 
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