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 This study utilized the NAG-4SX3-3D analyzer (four sources of white snow 
light-emitting diodes arranged in three rows corresponding to three 
detectors), a tool for optical, chemical, electronic, and detection based on 
receiving cumulative signals (no amplification is required). Total travelling 
distance is 760 mm with regard to YZ(mV)–t sec (d mm). It was selected for its 
precise calculation of the energy transducer profile (NAG4X3) to accurately 
calculate the energy output detector. There was a goal to help scholars 
understand the technology better by giving them accurate information about 
the device. The technology provides a low-cost, efficient, precise, and 
responsive method. CPH in pharmaceutical samples has been determined 
using the turbidity technique. This procedure does not require the use of any 
extra materials. CPH is predicted to react immediately with 3,5-DNSA, 
resulting in the creation of a bright yellow precipitate. Cyproheptadine has a 
linear range of 0.005 to 40 mM. The relative standard deviation (RSD%) for 
the n = 6 at 10 mM and 15 mM doses was substantially less than 0.15%. 
Starting from the lowest concentration on the calibration curve and gradually 
diluting it, the limit of detection (LOD) was found to be 163.958 ng per 
analyte, and the limit of quantification (LOQ) was found to be 245.632 
μg/sample. The linear dynamic range has a strong correlation value (r = 
0.9986) and a high percentage of linearity (R2% = 99.72), with recovery not 
less than 95.78%. The findings of the newly created approach were found to 
be similar to those of the previous technique (UV-spectrophotometric at a 
wavelength of 274 nm). The suggested method demonstrates enhanced 
sensitivity, utilizes a reduced quantity of chemicals, and yields superior 
outcomes compared to the reference approach, which involves 10 mm 
irradiation. 
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G R A P H I C A L A B S T R A C T 

 

 

Introduction  

Cyproheptadine hydrochloride has 

antihistamine and anti-serotonergic effects. 

Cyproheptadine hydrochloride is a solid that is 

crystallized and has a molecular weight of 350.9. 

It can be white or barely yellow. The chemical is 

soluble in water, methanol, and chloroform, but 

it's not very soluble in ethanol. In addition, it 

does not dissolve well in ether. The chemical 

formula for the dry salt is C21H12N•HCl. Children 

with stomach headaches may see short-term 

improvements. Cyproheptadine often causes side 

effects like increased hunger, weight gain, 

depression, and sleepiness. After two weeks of 

cyproheptadine treatment, there are noticeable 

changes to the structure of the cells. These 

changes are called ultrastructural alterations. 

Long-term use of cyproheptadine makes these 

impacts worse by affecting the insulin-producing 

cell. [1-4]. Multiple approaches have been used 

for estimating the concentration of 

cyproheptadine-HCl in both its pure form and in 

samples for medicine, such as: GC[1-3], HPLC [4-

8], FAAS [9], HP-LPME-FAAS [10], 

spectrophotometry [5,11], FIA [12-16], 

turbidimetry [17-19], chemiluminescence [20]. 

This study employed the continuous flow 

injection analysis method to generate a bale 

yellow precipitate. The production of a 

precipitate as a consequence of the reaction of 

Cyproheptadine-HCl with 3,5-DNSA was seen and 

quantified. The precipitate was examined at 0-

180˚ using a handmade NAG-4SX3-3D Analyzer 

(Nagham-four sources of white snow light-

emitting diodes arranged in three rows 

corresponding to three detectors) a tool for 

Optical- Chemical-Electronic and Detection, 

based on receiving cumulative signal (no 

amplification is required). Total travelling 

distance is 760 mm with regard to YZ(mV) – t sec 

(d mm). It was selected for its precise calculation 

of the energy transducer profile21]. 

The present study provides the first report on 

the utilization of newly developed (Nagham-four 

sources of white snow LED arranged in three 

rows corresponding to three detectors (NAG-

4SX3-3D Analyzer), which are based on flow 

analysis principles, for the optoelectronic 

determination of cyproheptadine hydrochloride 

in turbidimetric samples. Due to the importance 

of cobalt ion in our lives, this study attempts to 

estimate it, which provides an alternative 

technique to the traditional technique that was 

previously described.   
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Table 1. Essential chemicals and reagents utilized in this study 

Name 

Concentration 

Formula 

details of stock 

solution 

Company 

supplier 

M.Wt. 

(g/mol) 

Weight / volume 

or 

Volume / 

volume 

Remarks or 

dissolved 

Acetic acid 

*[0.5M ] 

**[0.425M] 

CH3COOH 

99.8%wt/wt 

Sp.gr.1.05g/mL 

BDH 60.05 7.2 mL/250 mL 

Standardized 

with Na2CO3 

solution 

Hydrochloric acid 

*[0.5M] 

**[0.463M] 

 

HCl 

35%wt/wt 

Sp.gr.1.16g/mL 

BDH 36.46 
11.23 mL/250 

mL 

Standardized 

with Na2CO3 

solution 

Nitric acid 

*[0.5M] 

**[0.431M] 

HNO3 

70%wt/wt 

Sp.gr.1.42 g/mL 

BDH 63.01 7.92 mL/250 mL 

Standardized 

with Na2CO3 

solution 

Sulfuric acid 

*[0.5M] 

**[0.43M] 

H2SO4 

96%wt/wt 

Sp.gr.1.84 g/mL 

BDH 98.08 7 mL/250 mL 

Standardized 

with Na2CO3 

solution 

Phosphoric acid 

*[0.5M] 

**[0.433M] 

H3PO4 

85%wt/wt 

Sp.gr.1.84g/mL 

BDH 97.994 
12.76 mL/250 

mL 

Standardized 

with Na2CO3 

solution 

Ammonium acetate 

[0.25 M] 
CH3COONH4 Fluka 77.08 1.927 g/100 mL D.W 

Ammonium chloride 

[0.25 M] 
NH4Cl Fluka 53.49 1.3373 g/100 mL D.W 

Sodium carbonate 

[0.25 M] 
Na2CO3 BDH 105.99 2.6498 g/100 mL D.W 

Sodium chloride 

[0.25 M] 
NaCl BDH 58.44 1.461 g/100 mL D.W 

Sodium sulfate 

[0.25 M] 
Na2SO4 BDH 142.04 3.551 g/100 mL D.W 

Sodium sulfite 

[0.25 M] 
Na2SO3 BDH 126..043 3.15 g/100 mL D.W 

Potassium chloride 

[0.25 M] 
KCl BDH 74.55 1.8638 g/100 mL D.W 

Potassium Iodide 

[0.25 M] 
KI BDH 166.00 4.15 g/100 mL D.W 

3,5-dinitro salicylic 

acid  

[0.05 M] 

C7H4N2O7 Fluka 228.12 1.1406 g/100 mL D.W 

Cyproheptadine-HCl 

[0.003 M] 
C21H22ClN.1.5 H2O 

Sigma 

Aldrich 
350.9 0.5264 g/500 mL 

Methanol 

(Fluka) 

*The initial concentration of the chemical compound before being standardized using sodium carbonate solution. 

**The chemical compound's final concentration after being standardized using sodium carbonate solution. 

Hence, a cost-effective and compact 

optoelectronic detector was developed to enable 

comprehensive turbidimetric measurements in 

continuous flow injection analysis. 
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Experimental  

Chemical preparation 

The reagents and substances used in this 

investigation were of analytical grade, unless 

explicitly stated differently. Table 1 presents the 

main chemicals used as standard stock solutions 

in the present study. The original stock solution 

was diluted to provide supplementary standard 

solutions. 

Apparatus 

 As displayed in Figure 1(A) the signal resulting 

from the reduction of light (0-180) is obtained 

using a flow-chamber made from an internally 

assembled NA.G-4S.X3-3D analyzer [21]. The 

signals were recorded using potentiometric 

recorders manufactured by Siemens, a well-

known German corporation. A six-port peristaltic 

pump is attached to a Teflon sample loop that 

may be changed in length. We used the UV-

Spectrophotometric instrument made by 

Shimadzu in Japan to perform the routine 

operations. 

Methodology  

Based on the results shown in Figure 1 (A), the 

procedure for calculating cyproheptadine 

hydrochloride (CPH) entails reacting 3,5-dinitro 

salicylic acid to produce a yellow precipitate. The 

manifold that is part of the NAG-4SX3-3D 

analyzer comprises two lines. The system 

consists of an introductory unit that is 

specifically designed for the purpose of sample 

categorization. To be more precise, it includes an 

injection valve that is equipped with both load 

and injection positions. This device ensures a 

high degree of dependability by making it much 

easier to repeatedly inject an exact amount. The 

experimental conditions included a sample size 

of 267 μL, with a concentration of 12 mM for CPH 

and 0.5 mM for 3,5-DNSA. The carry line stream 

(H2O) and the 3,5-DNSA agent line had respective 

flow rates set at 1.5 mL/min. The first line in the 

system offers a carry line that transfers the CPH 

sample zones; it is connected to a Y-junction 

point. When sedimentary species are produced 

and light incidence is reduced on white 

precipitate surfaces, the energy response of the 

transducer is evaluated using the x-y 

potentiometric record output. A white- snow LED 

(W.S.L.E.D.) that radiated three mixed-band 

wavelengths was used to expose the precipitated 

particles in the research to radiation. 

This experiment aimed to determine the 

transducer's energy response in millivolts (mV) 

during a certain time period. In three 

replications, every solution was evaluated. 

Repetitive evaluations of the (NAG4X3) analyzer 

transducer output (Yzi in mV) for CPH 

concentrations of 12 mM are shown in Figure 

1(B) in relation to tmin (in dmm). The CPH 

system, specifically designed for 3,5-DNSA, 

efficiently coordinates and shows all results in a 

concise and organized manner. The 

synchronization technique presented in this 

context introduces a novel approach within the 

NAG-4SX3-3D analyzer. 

Results and discussion  

Chemical parameters  

3, 5-dinitro salicylic acid  

Distilled water was used to dilute the 3,5-DNSA 

stock solution, resulting in a variety of solutions 

with concentrations between 0.35 and 1.5 mM. 

The apparatus used in the experiment was set up 

with a sample volume of 267 μL. By leaving the 

valve in the open position, the reagent and the 

carry route (distilled water) would both 

consistently flow at a rate of 1.5 mL/min. The 

measurement was conducted in triplicate. In this 

work, the energy transducer response variations 

brought about by variations in 3,5-DNSA 

concentrations are investigated using a 
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(NAG4X3) analyzer. The results of the 

investigation showed that the height of the 

precipitate species was positively correlated with 

the concentration of 3,5-DNSA. As the 

concentration of 3,5-DNSA increased, there was a 

corresponding increase in the attenuation of 

incoming light. This increase continued until it 

reached a maximum at a concentration of 1.0 

mM. The sensitivity of the signal-to-noise energy 

transducer is reduced with an increase in the 

concentration of 3,5-DNSA. The decrease in 

response observed could potentially be 

attributed to the dispersion of precipitation 

particles. 

Therefore, it was determined that the ideal 

concentration of 3,5-DNSA for the CPH (12 mM-

3,5-DNSA) system is 1.0 mM. Table 2(A) presents 

the results obtained from the system, whereas 

Table 2 (B) and Figure 2 depict the segmentation 

technique employed for selecting the most 

suitable segment. The optimal range for segment 

S2 is between 1.0 and 1.5 mM. 

Impact of using various kinds of salts and acids 

Various salts and acids were utilized as a 

transport line in this investigation. The study 

utilized a range of solution media, such as 

CH3COOH, HCl, HNO3, H2SO4, H3PO4, CH3COONH4, 

NH4Cl, NaCl, Na2SO4, Na2SO3, KI, and KCl, all at a 

concentration of 100 mM. In addition, distilled 

water was utilized as the aqueous medium. 

 
Figure 1. (A) A diagram illustrating the assessment of the NAG-4SX-3D Analyzer, and (B) Initial, replicated 

examines using the reaction of Cyproheptadine 12 mM with 3, 5-dinitrosalcylic acid to produce yellow 

precipitate, were performed to evaluate the (NAG4X3) instrument. 

 

Figure 2. The output (as ῩZ i (mV))( Ῡ-Z i=3 ) transducer response. 
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Table 2. (A) Effect [of 3,5-DNSA] on precipitation of CPH and (B) Segmentation pattern: (Intercept(a)mV, 

Slope(b)mV/ mM , correlation coefficient (r), and angle (Ө) with selection of optimum segment 

A 

Reagent [mM] 

[3,5-DNSA] mM 

ȲZi. →3 (R.S.D.%) C.I at 95 % 

ȲZi(mV)± t.SEM 

CPH 12 mM 

0.35 476 0.29 0.35±3.056 

0.5 796 0.23 0.50±4.521 

0.75 1088 0.14 0.75±3.875 

1 1640 0.08 1.00±3.080 

1.25 1480 0.07 1.25±2.857 

1.5 1080 0.18 1.50±4.770 

B 

Segment [3,5-DNSA]-range 

mM 

(a) (b)  (r) (Ө) 

S1 0.35 - 0.75 -9.633 1493.061 0.9856 89.962 

S2 1.0 - 1.5  2800 -1.120 -0.9707 -89.949 

ȲZi(mV):(S/N) responses of (NAG4X3) Analyzer in mV((S/N)-R.N.A), t0.025,2=4.303, SEM= Standard error of mean, and 

C.I: Confidence interval 

A deliberate decision was made to exclude acids 

and salts from the study of this system due to 

their propensity to precipitate. Precipitates may 

disrupt the flow and block the system's whole 

manifold section, which would cause responses 

to become distorted and ΔtB's base width to 

enlarge. This study examines that how various 

media affected the response's decline in the 

signal-to-noise (S/N) ratio. Increased 

agglomeration produces a greater degree of 

density and compactness among the aggregates, 

which is the phenomenon responsible for the 

drop in question. As a result, there are more 

vacant spaces within the particle agglomerates, 

which raises the incident light intensity. The 

fundamental reasoning was carefully considered 

before deciding not to use a certain carrier 

stream, as presented in Table 3. 

Physical variables 

Flow rate  

The CPH solution with a concentration of 12 

mM and the 3,5-DNSA solution with a 

concentration of 1.0 mM were used in the 

experiment. The sample volumes were 267 μL, 

which were chosen based on their respective 

optimal concentrations. The system utilized a 

variable flow rate (F.r) ranging from 0.9 to 2.5 

mL/min (Figure 3). 

 
Figure 3. Effect of flow rate (F.r) on the 

response.profile 

Table 4 presents the results that were achieved. 

It has been established that the CPH (12 mM)-

3,5-DNSA system has a 1.5 mL/min flow rate for 

both the reagent and carrier streams. Dilution 

and dispersion are responsible for the observed 

broadening of the peak base (∆tB) at lower (F.r). 

In addition, it is important to observe that there 
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is a discernible decrease in the peak height when 

the (F.r) surpas 1.5 mL/min. This observation 

suggests that there is an irregular response when 

the (F.r) exceeds 1.5 mL/min. This phenomenon 

can be attributed to the increased velocity of the 

precipitated particles, which allows them to 

efficiently traverse the measuring cells. The 

appropriate (F.r) of the carrier stream for the 

CPH12 mM 3,5-DNSA system has been 

determined utilizing the slope-intercept method 

within the chosen segment, S2 (1.3-1.8 mL/min), 

as summarized in Table 4(B). 

Table 3. The impact of various media on the CPH12 mM- 3,5-DNSA 1.0 mM system produces a whitish 

precipitate 

(salt & acid) 

[100 mM] 
ȲZi. →3 (R.S.D.%) C.I 

1 H2O 1640 0.08 1640±3.304 

2 CH3COONH4 312 0.41 312±3.180 

3 NH4Cl 732 0.26 732±4.695 

4 NaCl 480 0.26 480±3.130 

5 NaSO4 328 0.28 328±2.310 

6 NaSO3 280 0.31 280±2.062 

7 KCl 356 0.30 356±2.683 

8 KI 388 0.29 388±2.857 

9 CH3COOH 1367 0.16 1367±5.490 

10 HCl 1144 0.20 1144±5.788 

11 HNO3 1252 0.19 1252±6.161 

12 H2SO4 1240 0.16 1240±4.894 

13 H3PO4 1488 0.14 1488±5.167 

 

Table 4. (A) Effect of flow rate (F.r) variation on CPH 12 mM- 3,5-DNSA system and (B) Segmentation pattern 

with ideal choice 

Pump 

speed 

F.r 

mL/min 
ȲZi. →3 (R.S.D.%) C.I 

ΔtB 

sec 

V. (mL) at flow 

cell 

C 

(mM) 
D tsec 

A 

5 0.9 1752 0.11 1752±4.819 93 3.057 1.048 11.08 45 

10 1.2 1712 0.10 1712±4.521 66 2.907 1.102 10.53 42 

15 1.3 1592 0.10 1592±3.801 60 2.867 1.118 10.39 39 

20 1.5 1640 0.08 1640±3.180 57 3.117 1.028 11.29 33 

25 1.8 1320 0.15 1320±4.844 42 2.787 1.150 10.10 27 

30 2.2 1156 0.18 1156±5.167 39 3.127 1.025 11.33 18 

35 2.5 1064 0.22 1064±5.763 36 3.267 0.981 11.84 15 

Segment 
F.r 

mL/min 
(a) (b) (r) (Ө) 

B 

S1 0.9-1.3 2068.923 -338.461 -8462 -89.831 

S2 1.3-1.8 2414.737 -585.263 -0.8534 -89.902 

S3 1.8-2.5 1977.568 -368.108 -0.9969 -89.844 

ȲZi(mV):(S/N) response of (NAG4X3) Analyzer in mV((S/N)-R.N.A), t0.025,2=4.303, SEM= Standard error of mean, CI: 

Confendence Interval, ΔtB (sec): Base width of peak (sec), tsec: Departure time of sample segment out of injection 

valve reaching the flow tube,,C: Concentration, CI: confedence interval, and D: Dilution factor at flow cell. 
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Sample volume 

The investigation looked at how the system was 

affected by different sample volumes (S.V.) of 25, 

40, 50, 60, 80, 120, 228, 267, and 326 μL. The 

system's carry line and reagent line were both 

run at the ideal flow rate (F.r.) of 1.5 mL/min. 

When the sample volume was increased, the 

response height increased as well, but the 

response profile remained unaffected until a 

volume of 267 μL was achieved. When the 

volume passed 267 μL, an extension of the peak 

maxima and an increase in the base width (ΔtB) 

were seen. Table 5 (A) presents the findings. 

Table 5 (B) presents the many uses of the slope-

intercept approach in figuring out the best 

sample volume for the CPH-3,5-DNSA system. 

Reactivity loop lengths' impact 

 In this work, the volume of reaction coil range 

(0-942 μL) or coil lengths ranging from 0 to 30 

cm were studied. An integral part of the flow 

system, the Y-junction is a crucial attachment. 

The optimal coil lengths for the CPH (10 mM) - 

3,5-DNSA (1.0 mM) system were determined 

after an extensive investigation. The sample 

volume used for the analysis was 267μL, and the 

(F.r) used was 1.5 milliliters per minute. The 

profile of different response coil lengths and 

their effect on sensitivity are shown in Table 5. A 

signal-to-noise (S/N) energy transducer provides 

the data used for the evaluation. There is 

evidence of a link showing that the coil's 

sensitivity and length are inversely related. wider 

particles being produced, particulate weight 

rising, and particles dispersing across a wider 

surface area are the reasons for this occurrence. 

This thereby makes it more difficult for them to 

move about the flow cell effectively. Reaction coil 

use was avoided by both systems. The results are 

shown in Table 6, S1 (0-628) μL is the chosen 

segment, as demonstated by the slope-intercept 

calculation findings. 

Impact of Y-junction  

It is critical to use solution mixing to produce 

precipitated particle matter. Consequently, a 

variety of designs with mixing chambers of 

varying capacities have been used. Various 

diameters were developed in addition to junction 

areas in order to evaluate the effect of varied 

diameters on agglomeration as well as the 

regulation and uniform distribution of particles 

prior to their entrance into the flow tube. The 

study was carried out after the best parameters 

for the CPH (12 Mm)-3,5-DNSA (1.0 mM) system 

were identified. The investigation produced a 

broad base and a short peak height. A few of the 

answers show anomalies in both systems. This 

problem might be caused by the large capacity of 

the mixing chamber, which could lead to uneven 

mixing of the complimentary reactant or 

incomplete reactions. As a result, different sizes 

and shapes are produced, which in turn results in 

turbulent flow when the material is transferred 

to the measurement cell. 

Furthermore, the precipitated particulate's 

dispersibility is influenced by the physical 

processes, namely dilution and dispersion, which 

also affect its distribution on the moving segment 

within the measurement cell. The analysis comes 

to the conclusion that when the tube intersects 

with a 2 mm inner diameter and a 4 mm outlet, 

yielding a volume of 12.56 μl, this is the best 

result for mixing reactants to generate 

precipitated particles. 

Estimating the linear-range for CPH using a 

scatter plot 

The preceding sections delineated the ideal 

settings for the physical and chemical variables 

of CPH, which included a sample volume of 267 

μL, no delay reaction coil, and a flow rate of 1.5 

mL/min for both the agent line stream and the 

carry stream.  
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Table 5. (A) The effect of sample volume (S.V) on the growth of a yellow precipitate 

Length of S.Vcm 

r= 0.5mm 
(S.V) μL ȲZi. →3 (R.S.D.%) CI ΔtB .sec V. (mL) 

C 

(mM) 
D tsec 

3.18 25 176 0.62 176±2.708 33 1.675 0.179 55.833 6.0 

5.10 40 560 0.22 560±3.080 36 1.840 0.261 38.333 9.0 

6.37 50 620 0.26 620±4.074 39 2.000 0.300 33.333 15.0 

7.64 60 688 0.27 688±4.546 42 2.160 0.333 30.000 18.0 

10.20 80 856 0.18 856±3.900 45 2.330 0.412 27.271 19.2 

15.30 120 1008 0.19 1008±4.819 48 2.520 0.571 17.500 21.0 

29.00 228 1288 0.15 1288±4.944 51 2.778 0.985 10.154 27.0 

34.0 267 1640 0.08 1640±3.180 57 3.117 1.028 9.728 33.0 

41.5 326 1508 0.14 1508±5.291 30 3.326 1.176 8.502 36.0 

 

Table 5. (B) Segmentation pattern with ideal choice 

Segment S.V (μL) (a) (b) (r) (Ө) 

S1 25-50 -252.526 18.379 0.9600 86.886 

S2 60-120 407.429 5.114 0.9761 78.936 

S3 228-326 963.410 1.883 0.5224 62..026 

 

Table 6. Effect of the reaction coil with segmentation pattern 

Coil length 

cm 

r=1 mm 

reaction loop 

volume (μL) 

ȲZi. 

→3 
(R.S.D.%) CI ΔtB.sec 

V. 

(mL) 

C 

(mM) 
D tsec 

without 0 1640 0.11 1640±4.422 57.00 3.117 0.857 11.674 33.00 

10 314 1360 0.16 1360±5.316 58.80 3207 0.833 12.011 34.20 

20 628 1316 0.16 1316±5.267 60.00 3.267 0.817 12.236 36.00 

25 785 1088 0.19 1088±5.118 63.00 3.417 0.781 12.780 37.80 

30 942 512 0.39 512±4.919 67.80 3.657 0.730 13.700 40.20 

Segment reaction coil 

volume (μL) 
(a) (b) (r) (Ө) 

S1 0-628 1356.000 -

0.8790  

-0.4893 -41.315 

S2 628-942 574.667 0.866 0.9315 40.900 

 

The CPH-3,5-DNSA system has a variety of 

solutions containing Cyproheptadine-HCl at 

concentrations ranging from 0.005 to 40 mM. 

Three measurements have been made for each. 

The energy response of the transducer (E.R.T.) 

was measured and plotted against the 

Cyproheptadine-Hydrochloride concentration. 

The CPH-3,5-DNSA system is shown as a linear 

curve in Figure 4 with a concentration range of 

0.005-40 mM. Above a concentration of 40 mM, 

the system's correlation coefficients show a 

declining trend and depart from linearity. The 

most likely explanation for this phenomena is the 

increase in particle count that occurred before 

the detector, which may have been caused by 

attenuation of the radiation. Furthermore, up to 

values of 40 mM, the results show a strong 

association between the variables. However, 

when the concentrations rise, the calibration 

graph's linear and direct connection gradually 

deviates from reality. It is possible that this 

phenomena is connected to an increase in 

precipitated particulate matter and its capacity 

to produce a relatively inflexible lack of inter-
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particulate space, which in turn hinders the 

passage of leftover light to the detector. 

A newly created approach was evaluated and 

assessed for determining the CPH-3,5-DNSA(1.0 

mM) system by comparing it to an established 

reference method, namely the 

spectrophotometric method (Figure 5 (A and B)) 

[22,23]. The spectrophotometric method is based 

on the measurement of absorbance at a specific 

wavelength (λmax= 274 nm) over a range of 

concentrations, as outlined in Table 7. In 

addition, the recorded and organized results of 

the turbidity method can be found in Table 7. 

 

Figure 4. A variable range for the impact of CPH concentration on the attenuation of incident light when utilizing 

the (NAG4X3). 

 

 

Figure 5. (A) The UV-absorbance spectrum at a concentration of 7 mM and (B)The scatter plot using the 

conventional technique at λmax = 274 nm. 
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Table 7. The findings of a linear regression analysis by a first degree equation of the form =a+b x 

Type of 

mode 

Range of  

[Cyproheptadine-HCl]  

mM(n) 

ŶZ i=a ± Sa t+b(Δ y /Δxmmol/L )± Sb t 

[Cyproheptadine-HCl] mM 

at confidence level 95%, n-2 

 

r, r2, 

R2% 

 

t tab 

at 

95

%, 

n-2 

Calculat

ed t-

value 

tcal=/r/

√n-2 / 

√1-r2 

NAG - 4SX3 - 3D analyzer 

UV- Spectrophotometer at λ max= 274 

Linear 

range or 

linear 

dynamic 

range 

0.005-14 (15) 
32.152±33.141+137.710±1.4.359 [CPH] 

mM 

0.9986,0.99

72, 99.72 

2.160 << 

68.227 

0.09-8 (22) 0.026±0.029+0.203±0.008 [CPH] mM 
0.9970,0.99

40, 99.40 
2.086<<57.325 

Working 

range or 

calibratio

n range 

0.005-18 (17) 52.954±64.358+133.321±7.052 [CPH] mM 
0.9954,0.99

08,99.08 

2.131 << 

40.267 

0.09-9 (23) 0.036±0.032+0.198±0.0082[CPH] mM 
0.9965,0.99

30,99.30 

2.080 << 

54.594 

Dynamic 

range or 

analytical 

range 

0.005-25 (19) 113.146±94.530+122.470±8.341 [CPH]mM 
0.9913,0.98

26, 98.26 
2.110<<30.983 

0.09-10 (24) 0.051±0.039+0.192±0.0084 [CPH] mM 
0.9951,0.99

02, 99.02 
2.074<<47.241 

Scatter 

plot 

0.005-40(21) 
281.023± 

185.027+99.732±12.062[CPH]mM 

0.9697,0.94

03, 94.03 
2.093<<17.304 

0.09-11(25) 0.066±0.046+0.0186±0.009[CPH] mM 
0.9938,0.98

77, 98.77 
2.145 <<6.628 

ttab= t0.025, n-2, volume of measurement cell 4 mL for UV-Sp 

Detection of limit (LOD) 

 Table 8 illustrates three different methods that 

have been utilized to ascertain the 

cyproheptadine-HCl limit of detection [24] for 

the CPH-3,5-DNSA)1.0 mM) system. 

Repeatability  

 The assay procedure's precision was assessed 

by employing two distinct concentrations of the 

CPH3,5-DNSA system, as presented in Table 9. 

Every evaluation was conducted in a consecutive 

manner, with an average of six repetitions. Based 

on the data analysis, it can be observed that the 

concentration exhibited a percentage relative 

standard deviation of less than 0.135%. 

Determination of Cyproheptadine-HCl in drugs 

using a homemade (NAG4X3) analyzer  

The objective of this study is to analyze the 

concentration of Cyproheptadine-HCl in 

pharmaceutical drugs using a custom-made 

(NAG4X3) analyzer. CPH samples from three 

reliable pharmaceutical manufacturers were 

analyzed using the (NAG4X3) analyzer: 

CYPRODAD (4 mg, Pioneer), PERIACTIN (4 mg, 

ALGORTHM), and PRACTIN (4 mg, Wockhardt 

Limited). Utilizing the established approach, the 

maximum absorbance at 274 nm was measured 

and compared with the conventional 

spectrophotometric method. The conventional 

addition approach was used to evaluate the CPH-

3,5-DNSA (1.0 mM) system. 
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Table 8. LOD of cyproheptadine-HCl at optimum parameters 

Practically based on the gradual dilution for 

the minimum concentration in scatter plot 
Theoretical based 

slope x=3SB/slope 

Theoretical 

based  

Ŷ = Yb +3Sb 

Limit of 

quantitative 

L.O. Q 

Ŷ=Yb+10Sb 

Newly developed 

method  

(0.008) mM  

Classical method 

Uv-spe method at 274 

nm  

163.958 ng/sample 35.090μg/ sample  1.633 μg/sample  
74.690 

μg/sample  

245.632 

μg/sample  

Ŷ: Estimated response (mV), X: value of LOD based on the slope(depend on linear dynamic range), and Sb: standard 

deviation of blank (n=13).  

Table 9. Repeatability of cyproheptadine-HCl at optimum parameters 

Concentration of Cyproheptadine -HCl 

mM 
ȲZi. (n→6) (R.S.D.%) C.I 

10 1480` 0.13 1480±1.989 

15 2180 0.11 2180± 2.436 

t0.05/2,5=2.571, n= number of injections 

 

Figure 6. Profile of responses vs time for standard addition method. 

The active component was diluted 1 mM-1.0141 

g into 100 mL of each prescription medication to 

create the solutions. Then, five milliliters of each 

solution were cautiously added to separate 10-

milliliter volumetric flasks. The CPH-3,5-DNSA 

(1.0 mM) system was subjected to incremental 

quantities of a 30 mM standard solution of 

Cyproheptadine-HCl as shown in Table 10 A. The 

study's response profile is shown in Figure 6. 

Table 10. A provides a brief summary of the 

results obtained using the conventional adds 

approach for three different pharmaceutical drug 

samples. The detected CPH values are shown in 

the Table10. A. The data that summarizes the 

results from three distinct techniques is shown in 

Table 10. A. Data on the active ingredient's 

practical content, calculated with a 95% 

confidence level, are shown in the table. It also 

contains details on the t-test for comparing two 

distinct pathways and the efficiency of 

determination. 
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Individual t-test [25] 

By calculating the tcal for each company, as a 

comparison is conducted between a newly 

discovered approach and the officially cited 

figure of 0.4 mg as shown in Table 10.B. Three 

different firms' practical content means (W ̅i) do 

not show a substantial deviation from the stated 

figure (μ0 = 4 mg). The findings show that, for the 

medications under investigation, the observed t-

value (ttab) is greater than the estimated t-value 

(tcal) at a 95% confidence level. This implies that 

there is no statistically significant distinction 

between the quoted value and the calculated ttest. 

A paired t-test [26] 

Research was done to contrast traditional 

spectroscopic methods with the recently 

developed analytical approach of the NAG4X3 

analyzer. Three distinct samples from three 

different firms were used to perform the 

comparison. Considering that different 

manufacturers do not take individual 

characteristics into account. 

 

Table 10. (A) Standard addition using the two methods 

S
a

m
p

le
 N

O
. 

Type of method 

NAG4SX3 analyzer (mV) 
CPH-3,5-DNSA 

UV- Spectrophotometer at λ max= 274nm 

C
o

n
fi

d
en

ce
 i

n
te

rv
al

 f
o

r 
th

e 
av

er
ag

e 
w

ei
gh

t 
o

f 
T

ab
le

t 
ѿ

i 
±

 1
.9

6
 σ

n
-1

/√
n

 
at

 9
5

%
 (

g)
 

W
ei

gh
t 

o
f 

Sa
m

p
le

 
eq

u
iv

al
en

t 
to

 1
.0

1
4

1
 

gm
 (

1
.0

 m
M

) 
o

f 
th

e 
ac

ti
v

e 
in

gr
ed

ie
n

t 
W

i(
m

g)
 

T
h

eo
re

ti
ca

l c
o

n
te

n
t 

fo
r 

th
e 

ac
ti

v
e 

in
gr

ed
ie

n
t 

at
 

9
5

%
 (

m
g)

 W
i±

1
.9

6
 σ

n
-1

 
/√

n
 

CPH  

(mL) 

Equation of standard addition at 

95% for n-2, r, r2, R2% 

0  0.6  0.7  0.8  0.9  Ŷi(mV)=a±sat+b±sbt [CPH]mM, 

r,r2,R2% 
0 1.8 2.1 2.4 2.7 

0  0.7  0.8  0.9  1.0  Ŷi=a±sat+b±sbt [CPH]mM, 

r,r2,R2% 

 
0 2.1 2.4 2.7 3.0 

1 0.1156±0.
0013 

3.9136 4.0±3.20
57 

50 220 235 270 320 Ŷi(mV)= 
46.800±36.774+95.766±18.074  

0.9948,0.9895,98.95 

 
0.1156±0.0

013 
3.8314 4.0±3.20

57 
0.098 0.5

63 
0.6
52 

0.6
98 

0.730 Ŷi=0.104±0.068+0.218±0.030  
0.9973,0.9946,99.46 

2 0.2095±0.
0011 

4.0565 4.0±3.20
57 

50 230 240 270 322 Ŷi(mV)=48.880±37.665+96.400±
18.510  

0.9946,0.9892,98.92 
0.2095±0.

0011 
4.1504 

4.0±3.20
57 

0.093 
0.4
31 

0.5
21 

0.5
82 

0.600 
Ŷi=0.090±0.067+0.174±0.029  

0.9959,0.9918,99.18 
3 0.1411±0.

00056 

3.9414 4.0±3.20

57 

67 260 310 360 400 Ŷi(mV)=60.040±44.421+121.867

±21.832  

0.9953,0.9906,99.06 

0.1411±0.

00056 

3.9146 4.0±3.20

57 

0.118 0.5

81 

0.6

52 

0.7

67 

0.802 Ŷi=0.113±0.069+0.231±0.030 

0.9975,0.9951,99.51 

ŶZi: Estimated response in mV for developed method and without unite for UV-Sp. method, total variation, ttab= 

=1.96 at 95%, ttab= t0.05/2,3=3.182 for n=5, UV-Sp.: UV-Spectrophotometric method, using volume of cell 
(quartz) 4 mL in UV-Spectrophotometric method. 
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Table 10. (B) The results obtained using the standard addition method for determining the content efficiency of 

CPH in three drug samples are as follows: the percentage recovery (% Rec) values. In addition, a t-test was 

conducted to compare the three methods used 

N
o

. o
f 

sa
m

p
le

  

 Type of method 

Individual 

t-test 

( i(mg)-µ) 

 /σ n-1 

Paired t-test NAG4SX3 analyzer (mV) 

CPH-3,5-DNSA system 

UV- Sp at λ max= 274nm. 

tcal= 

d  

/σ*n-1 

ttab at 

95%confidence 

level (n-1) 

Suggested 

concentration 

(mM) in 10mL 

Suggested 

concentration  

(mM) in100 mL 

Suggested weight 

of CPH (g) 

Weight of CPH in 

each sample 

(g) 

i(g) ±4.303 σ n-

1/  
Efficiency of 

determination 

Rec.%  Weight of CPH in 

tablet 

i(mg) ±4.303σn-

1/  

 

 

1 

 

 

 

3.9136 

0.39136 

1.0141 

0.15032±0.0025 
97.84 /-0.209/ 

NAG4SX3 and quoted value 

(reference method) 

 

d = -1.678 

= 3.7600 

/- 0.446/ < 4.303 

197.915± 3.2820 

3.8314 

0.38314 

1.0141 

0.15032±0.0025 

95.78  
197.915± 3.2820 

2 

 

 

4.0565 

0.40565 

1.8380 

0.15166±0.0013 
101.41 0.197 

149.7560±1.235 

4.1504 

0.41504 

1.8380 

0.1503±0.0024 

103.76 

 

148.3750±2.3280 

3 

3.9414 

0.39414 

1.2378 

0.15005±0.0037 
98.53 /-0.133/ 

197.5530±4.8320 

3.9146 

0.39146 

1.2378 

0.15032±0.0025 
97.87 

 

197.915± 3.2820 

µ: claim value (4mg), ѿi: practically weight in mg, W ̅d: average weight of difference between two type of method 
(developed and classical), σn-1: standard deviation of different (paired t-test), n:(no. of sample) = 4, ttab=t 0.05/2, n-
1 = t 0.025, 3 = 3.182 (for individual t-test and paired t-test), classical method: UV-Spectrophotometric method. 

Conclusion  

This study integrates CFIA with NAG-4SX3-3D 

to propose an enhanced and novel approach for 

assessing CPH in pharmaceuticals. Based on the 

results, it can be concluded that the process is 

repeatable, has low limits for both detection and 

quantification, uses a small number of reagents. 

All things considered, this innovative method of 

sample preparation has great potential for use in 

environmental and pharmaceutical research, 

especially when dealing with complex matrices 

like biological materials. This strategy offers a 

rapid, straightforward, and economical way. 
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Three separate pharmaceutical samples 

underwent analysis to identify the potential 

presence of cyproheptadine-HCl. The proposed 

method, NAG-4S3X-3D analyzer, was utilized for 

this objective, and the findings were compared to 

those acquired using UV-spectrophotometry.  
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