
INTRODUCTION
Proniosomes: are the dry preparations of the carrier particles 
(water-soluble) coated of surfactants. They are simply 
rehydrated in a few minutes and then stirred in a hydrothermal 
medium to form a dispersion of niosomes. The basic purpose 
of the formulation of controlled release and targeted release 
test documents is to improve the therapeutic effect of drugs, to 
increase the blood concentration of drugs to increase the safety 
margin of potent drugs, and then to reduce the effectiveness 
of drugs. The main purpose of the new vesicle drug delivery 
device is for the drug to act along the entire length of the drug 
at the speed required by the body, and have a training and 
targeting effect on the moving part. Drugs are encapsulated 
in vesicles.1-5

This will prolong the effects of the drug. Concentrating 
the drug on it means introducing the capsule into the recipient 
organ or another component of the framework. Different 
types of carriers have been used to deliver drugs to target 
sites in parts of the body, including tissues and organs, 
including niosomes, proniosomes, liposomes, microspheres, 
electrosomes, and phytosomes.6-9

This type of vesicular drug delivery locks the drug in 
where it works. Vesicular delivery of drugs, including colloidal 

particles forming concentric bilayers in which amphiphilic 
molecules are trapped in the aqueous compartment.10,11

Proniosomes overcome the problems that are associated 
with niosomes such as drug fusion, aggregation, physical 
stability, total precipitation, and leakage.12

MATERIAL AND METHODS

Method of Preparation for the Niosomes
The niosomes were being prepared using the fused segment 
separation method (Table 1). First, by heating all the additives 
and a very small amount of alcohol (absolute ethanol) to 65 ± 
4°C, a sol forms and micelles no longer form. With the addition 
of the aqueous fraction, a w/o microemulsion sol fraction 
is formed, and the water droplets are held together by a flat 
film using a surfactant dispersed in the unprotected solvent 
fraction. As the proniosome gel cools, the solvent solubility 
of the surfactant and gelling agent (the prescribed solvent) 
decreases and bureaucratic lamellar micelles are formed.13-17

Gel formation using non-ionic surfactants depends on 
many factors, including their structure, CPP (critical packing 
parameter), hydrophilic-lipophilic (HLB) stability, and the 
presence of LDL LDL cholesterol. CPP (v/lca0) depends 
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on the stability under hydrophobic CO2 collection (v), the 
robust duration of hydrophobic CO2 (lc), and the location 
of hydrophobic CO2 (a0). CPP values below 0.5 and 1 favor 
vesicle formation, values below 0.5 favor the formation of the 
spherical micelle, and higher values (>1) indicate opposite 
micelle formation.18-22

Statistical evaluation23,24

Analysis of variance (p derived from more than one evaluation 
by Dunnet) was used to examine niosomes with and without 
bile and transdermal niosomes with captopril pills and 
commercial formulations. The t test is widely used to assess 
the AUC values of preparations.

RESULT AND DISCUSSIONS
Captopril vesicles have additionally been formed, optimized 
and evaluated for their transdermal transport competencies to 
absorb the issues associated with conventional oral delivery. 
Proniosomal gels are organized from alkyl esters spun between 
LDL cholesterol and soy lecithin the use of numerous non-ionic 
surfactants. All of those substances are listed in the FDA and 
GRAS Inactive ingredients Database. Span and Tween are 
non-poisonous, biocompatible and non-ionic surfactants.25-28

Optimization of Niosomes29-32

The components have become optimized by the usage of 
evaluating the subsequent parameters: smaller vesicle duration, 
most encapsulation performance and transdermal f lux. 
Table 2 indicates the remoted formulations’ overall vesicle 
period, polydispersity index, zeta capacity and encapsulation 
residences.
Niosomes Evaluation33-36

Efficiency of inclusion
The scaling of encapsulation properties depends on the type 
of surfactant utilized, its alkyl-chain period, HLB value, and 
segment transition-temperature (Table 2). Bladder dimensions 
of hydrated PS-60 proniosome formulations are shown in 

Figure 1, and zeta potentials of hydrated PS-60 proniosome 
formulations are shown in Figure 2.
Release study (In-vitro)37

Drug release studies (In-vitro) for proniosome preparations 
using the egg membranes in locally prepared Franz diffusion 
cells.

Figure 3 demonstrates that complete incorporation (100%) 
of drug from the manipulation (captopril in 40% PEG) occurs 
within 4 hours relative to captopril niosomes, indicating a 
sustained niosome effect. is shown. to show that, in fact, 
captopril is sufficiently lipophilic to promote lipophilic 
dissociation, thereby delaying the release of captopril from 
liposomes. When the Tween and Span formulations were 
evaluated, it was observed that captopril was released from 
Span more slowly, while Tween released both hydrophilic and 
lipophilic captopril at a faster rate.

In most formulations, the initial stage is caused by the 
total intravenous absorption of capopril, while the later 
stage is controlled by diffusion through the inflamed nasal 
bile. After the initial screening of the PS-60 formulation, it 
was decided to conduct additional studies on morphology, 
compatibility studies, drug release kinetics, stimulation 
studies, occlusion studies, ex-vivo permeation studies, and 
in-vivo studies. Morphology of Paddy BC The morphology 
of hydrated proniosome formation (PS-60) was analyzed 
by optical microscopy (parent 4) and transmission electron 
microscopy (TEM).38,39 

TEM images show the formation of clear spherical vesicles 
with sharp boundaries. The formation of the globular structure 
is mainly due to the amphilic nature of the surfactant.
Compatibility study and infra-red spectroscopy for drug 
excipient40

Figure 4 shows the FTIR spectra of captopril, Span 60, soy 
lecithin and physical combination. The FTIR spectrum of 

Table 1: Proniosome formulations with their compositions (mg)

Formulation 
Code

Type of 
surfactant

Surfactant 
(gms)

Soya 
Lecithin
(gms)

Cholesterol 
(mg)

Captopril 
(mg)

P S-20 Span20 1.8 1.8 200 50

P S-40 Span40 1.8 1.8 200 50

P S-60 Span60 1.8 1.8 200 50

P S-80 Span80 1.8 1.8 200 50

P T-20 Tween20 1.8 1.8 200 50

P T-60 Tween60 1.8 1.8 200 50

P T-80 Tween80 1.8 1.8 200 50

P S- L Span-60 0.8 1.8 200 50

P S- H Span60 2.7 1.8 200 50

P L- L Span60 1.8 0.8 200 50

P L- H Span60 1.8 2.7 200 50

P C- L Span60 1.8 1.8 100 50

P C- H Span60 1.8 1.8 400 50

Table 2: Proniosome formulations and related parameter

Code of 
Formulation

efficiency of 
Encapsulation 
(in%)

Mean vesicle 
size ± SD (in 
nm) *

PDI
Zeta-
potential
(in mV)

PS-20 85.24 ± 4.45 486.40 ± 4.84 0.246 -56.2 ± 7.67

PS-40 82.44 ± 2.76 841.40 ± 4.24 0.287 -52.7 ± 7.81

PS-60 84.14 ± 4.76 858.40 ± 2.42 0.410 -47.4 ± 7.64

PS-80 88.17 ± 4.46 716.80 ± 4.47 0.208 -48.5 ± 5.60

PT-20 52.45 ± 7.88 448.80 ± 6.44 0.281 -41.4 ± 6.47

PT-60 58.14 ± 4.44 442.80 ± 5.45 0.284 -40.8 ± 5.44

PT-80 62.44 ± 5.67 284.00 ± 5.44 0.284 -47.4 ± 7.68

PS-L 80.24 ± 7.88 821.85 ± 7.88 0.144 -45.6 ± 4.42

PS-H 84.78 ± 4.76 888.74 ± 6.84 0.244 -47.8 ± 4.16

PL-1:2 88.45 ± 4.87 888.00 ± 6.44 0.241 -48.8 ± 7.62

PL-1:4 86.14 ± 8.45 1084.00 ± 8.45 0.245 -51.4 ± 11.8

PC-L 82.45 ± 4.45 842.20 ± 2.67 0.048 -55.1 ± 8.74

PC-H 88.44 ± 1.54 1288.00 ± 4.40 1.000 -52.4 ± 7.71

*Mean ± SD, n=4
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captopril shows 1646 cm-1 (C= O stretch), 1544 cm-1 (N- H 
stretch), 1128 cm-1 (C- H stretch), 854 cm-1 (C- H stretch, 
aromatic family) and 4744 cm is - 1. Determine the height of 
the function. cm-1 (N-H pressure).

Characterized at 1200 cm-1 (aliphatic), 1744 cm-1 (five-
membered cyclic ring), 1400 cm-1 (-CH4), 2828 cm-1 (stretched 
C-H aliphatic, asymmetric), 2800 cm Ranges are 60–1 
(aliphatic, symmetric C–H stretch) and 4400 cm−1 (O–H 
stretch). Analysis of body assemblages of captopril, Span 
6.0 and soy lecithin revealed the presence of characteristic 
captopril peaks in the physical aggregates, similar to peaks 
found in male or female captopril spectra, in FTIR. There were 
no detectable adjustments in the spectra. No trade detected in 
FTIR. spectrum.

It was confirmed to be a chemically uncoupled interaction 
between them. FTIR spectra of empty niosomes and captopril-
loaded niosomes are shown in Figure 4. FTIR spectra of empty 
and drug-loaded niosomes demonstrated no height change or 

broadening, confirming that there is no interactions between 
the drug and other components.
Drug release kinetics41

Data extraction from ps-60 formulations is good for comparing 
unrealized kinetics to determine the sequence and mechanism 
of the drug delivery. Correlation coefficient shows that the flow 
curve follows the Higuchi model (R2 = 0.8857). The emission 
exponent for the model (Korsmeyer Peppas) was found zero at 
7.7751 (0.44), which is anomalous emission as shown in Table 3, 
indicating that the release is controlled by diffusion.
Stability studies42

This permits us to determine the impact of numerous 
environmental factors, temperature, humidity and mild on drug 
balance. Table 4 indicates that there was no great distinction 
(p<0.05) inside the encapsulation ability and the patience of 
the vesicles of the PS 60 formulations saved under refrigeration 
and at room temperature.

Figure 1: Size of vesicle of hydrated PS 60 proniosome formulation

Figure 2: Zeta potential measures of hydrated PS 60 proniosome 
formulation

Figure 3: Release (In-vitro) of captopril from niosomes through the egg 
membrane

Figure 4: IR spectra (a) Captopril (b) blank niosomes (c) niosomes 
containing Captopril



In-vitro and In-vivo Release Study of Captopril Proniosome

IJPQA, Volume 14 Issue 2, April - June 2023 Page 326

Irritation/sensitivity studies43

Stimulation studies were performed in male rats (n = 4; 
200–250 g body weight). Formalin has become a commonly 
used irritant. The rats were rated on an erythema, and edema 
scale. Table 5. showed that, compared to the standard dopant 
formalin (0. 44 ± 0.471; p<0.05). Thanks to this, we can ensure 
that schooling is friendly and safe.
Ex-vivo permeation studies44

Niosomes can create niosomes by dampening the water within 
the skin, in this manner changing sedate conveyance through 
the skin. Adsorption and combination of liposomes on the skin 
increment sedate infiltration, straighten the stratum corneum 
obstruction and choose non-ionic surfactants as entrance 
enhancers. It specifically crushes lipids within the extracellular 
space of the stratum corneum. In expansion, the lipid bilayer 
acts as an obstruction that limits the rate of medicate passage. 
Captopril actuates (crosses) the egg film and cuts out pores and 
skin scars (Figure 5), acting on the divider. Table 6 appears 
captopril fluxes from diverse niosomes
Occlusion studies45

The permeability coefficients of captopril niosomes through 
evaporated isolated rat’s skin under occlusive and non-
occlusive conditions are demonstrated in Table 7. Hydrophilic 
and lipophilic drugs generally show significant transdermal 
absorption under closed conditions. Therefore, niosomes 
made under sealed conditions had better f lux values 
(168.85 ± 8.7 µg cm -2h-1), permeability coeff icient 
(44. 87 × 10-4 cm h-1), magnification (4.846).
In-vivo and HPLC studies46

In vivo observations had been executed in rabbits and plasma 
samples had been analyzed with the aid of way of HPLC. 
Chromatograms of captopril API, bile-free niosomes, bile-
containing niosomes, transdermal niosomes, and industrial 
oral captopril responses are proven in length 10 (Figure 6). 
The retention instances of captopril and diltiazem (internal 
mode) were 4 and 6 minutes, respectively.

The plasma drug focus profiles of various formulations 
are provided in Table 8 and Figure 7. The pharmacokinetic 

parameters for captopril API marketed machine, niosome 
with and without bile salts, and proniosome gels are validated 
in Table 9.

The niosome containing bile salts showed faster drug 
absorption with a maximum plasma concentration (Cmax) of 

Table 3: Correlation coefficient for captopril release through different kinetic models

Release kinetics 0 order 1st -order Higuchi model Korsemeyer Peppas model
K R2 K R2  K R2  N R2
4.185 0.871 0.147 0.8424 11.224 0.8857 0.7751 0.8748

Table 4: Size of vesicle and the entrapment efficacy of niosomes (PS-
60) after 80 days of storage

Temperature
(°C) Particle size (in nm) Entrapment efficiency 

(in %)
0 months 4 months 0 months 4 months

4 ± 1°C 858.40 ± 
2.42

860.40 ± 
4.24

84.14 ± 
4.76

84.78 ± 
4.54

25 ± 2°C 858.40 ± 
2.42

864.84 ± 
4.86

84.14 ± 
4.76

82.57 ± 
6.74

n = 4 (p<0.05)

Table 5: Response of the skin irritation scores after the application of 
niosomes formulations (PS-60)

Average response 
(Mean score)

Formalin treated 
(standard irritant) Formulation treated

Erythema 2.44 ± 0.471 0.44 ± 0.471
Edema 2.66 ± 0.471 0.44 ± 0.471

Rats, n = 4/group

Figure 5: Comparative evaluation of captopril flux from niosomes 
through Ovo membranes and rat skin ex-vivo

Table 6: Flux of Captopril from different niosomes

Formulation Code Flux (µgcm-2h-1)
Egg-membrane Rat’s skin

PS 20 107.840 ± 2.41 88.142 ± 4.52
PS 40 87.125 ± 6.44 103.472 ± 5.47
PS 60 41.706 ± 4.14 169.851 ± 2.146
PS 80 57.780 ± 4.52 143.756 ± 4.25
PT 20 171.648 ± 4.54 41.840 ± 5.67
PT 60 264.625 ± 2.48 45.851 ± 4.74
PT 80 266.548 ± 5.44 47.728 ± 4.58
Control 266.015 ± 4.57 46.120 ± 4.88

Table 7: Permeability study of optimized formulation of Captopril

Formulation Flux(µgcm-2h-1) Permeability 
coefficient (cmh-1) ER

Control 45.12 ± 5.80 7.024×10-4 1
PS-60 (non-
occlusive) 128.28 ± 6.5 25.85×10-4 4.681

PS-60 (occlusive) 168.85 ± 8.7 44.87×10-4 4.846

ER = enhancement ratio, (n=4)
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a b

c d

e
Figure 6: Chromatographs for (a) Captopril (API) (b) niosomes (c) 
niosomes with bile salt (d) commercial Captopril oral solution(e) 

transdermal niosomes

Table 8: Plasma drug concentrations of different formulations

Time (hr) API Commercial Captopril oral 
solution Niosomes with bile salt Niosomes without bile 

salt
Transdermal 
niosomes

1 125.54 ± 7.6 88.12 ± 8.5 147.18 ± 11.8 85.44 ± 10.2 86.47 ± 8.7
4 248.14 ± 8.1 214.51 ± 10.2 286.42 ± 8.4 181.72 ± 8.6 148.58 ± 10.8
8 156.86 ± 5.4 165.44 ± 12.7 187.76 ± 8.2 242.64 ± 14.5 188.65 ± 14.2
16 75.47 ± 8.4 145.62 ± 8.1 102.24 ± 7.1 167.52 ± 10.4 122.44 ± 11.4
24 24.82 ± 10.8 87.45 ± 11.4 65.15 ± 8.7 101.46 ± 12.6 68.28 ± 10.1

Figure 7: In-vivo studies of niosomes

Table 9: Summary of the pharmacokinetic parameters

Pharmacokinetic 
parameters Captopril API commercial Captopril oral 

solution
Niosomes with bile 
salt

Niosomes without 
bile salt

Transdermal 
proniosome

Cmax
a(ng/mL) 248.14 ± 8.1 214.51 ± 10.2 286.42 ± 8.4 242.64 ± 14.5 188.65 ± 14.2

Tmax
b(h) 4 4 4 8 8

AUC(0-24h)
c 

(ng.h/mL) 2609.08 ± 4.5 2644.08 ± 4.4* 2666.52 ± 5.8* 2748.45 ± 6.5* 2278.44 ± 4.1*

AUC(0-∞h)
 d 

(ng.h/mL) 2846.56 ± 4.3 2846.12 ± 5.6 4265.47 ± 5.2* 4887.21 ± 7.5* 2568.86 ± 4.7*

t1/2
e(h) 0.658 0.564 0.542 0.758 0.588

Vd
f 8.82 10.75 10.66 10.87 10.48

F% g 105 100 108 111 82

MRT (last) (h)h 8.36 ± 0.48 8.74 ± 0.73 12.78 ± 0.11 24.46 ± 0.48 41.64 ± 0.57

MRT∞ (h) 12.46 48.17 17.58 26.88 47.44

286.42 ng/mL after 4 hours, while the niosome without bile 
salts showed a very good concentration of 242.64 ng/mL. I its 
a good Cmax. I refer to it.

The bile-containing and bile-free niosome formulations 
extended its Cmax to the industrial formulation (214.5 ng/mL). 
The maximum drug concentration in plasma after the 
transdermal administration of the niosome became 188.65 ± 
4.2 ng/mL. 47

Cmax is the combined result of dose, rate of absorption 
and rate of excretion, and is generally related to the depth of 
pharmacological response. The doses were the same for all five 
companies, suggesting that better Cmax values   were associated 
with higher drug absorption. Bile absorption in lipoids 
facilitates bile absorption and increases bile absorption in 
intestinal lymphoid tissue. It has been reported that transcytosis 
of M cells through the Peyer’s patch diaphragm increases 
biofilm permeability and leads to excessive Cmax knew.48
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This tells you what you are taking. The  AUC (area under the 
curve) indicates how much of the drug is absorbed from the 
dosage form (bioavailability).

CONCLUSION
In-vivo studies in rabbits confirmed a higher Cmax for niosomes 
containing bile salts (286.42 ng/mL) and niosomes without bile 
salts (242.64 ng/mL) compared to the industrial preparation. 

Proniosomes confirmed a Cmax of 188.65 ± 14. Use of 
niosomes in the absence of bile salts and proniosome gel 
increased Tmax from 4 hours to 8 hours and time at home 
suggested by niosomes (MRI) was doubled compared to 
captopril API. The change in area under the curve (AUC) for 
niosome assembly was significantly enhanced in the absence 
and presence of bile salts. Therefore, it is clear that modified 
captopril niosomes exhibit relative long-term bioavailability 
and establish higher plasma drug concentrations (Cmax).

Bile salts in niosomes facilitate faster penetration of 
niosomes into biofilms. However, in the absence of bile, the 
residence time of niosomes and proniosomes in the body 
was prolonged. The above studies all showed that non-ionic 
surfactants reduced initial hepatic permeability and more 
appropriate drug bioavailability, increased the relative 
bioavailability of non-biliary liposomes by 111%, and increased 
the relative bioavailability of nodular liposomes. . Completely 
concept based. The transdermal substance also showed an 
excellent relative bioavailability of 82%.

Also, it can serve as a suitable substitute for oral 
administration.
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