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INTRODUCTION 
Raspberry is one of the oldest fruits. It is used for medicinal 

and nutritional purposes. It has been utilized throughout the 

centuries. Blueberry and strawberry are close relatives of 

raspberry. It is full of minerals, polyphenols, sugars and 

vitamins. One of the main constituent in raspberry is ellagic 

acid. It inhibits tumor inductions in esophagus, lungs and 

liver. Raspberry has a good flavor and fragrance. These are 

due to presence of several aromatic components. Raspberry 

ketone is (4-(4-hydroxyphenyl) butan-2-one). It is one of the 

main aromatic constituent of raspberry. It also has the function 

of anti-aging, anti-oxidation, hypoglycemic and so on [1]. 

 

 

Raspberry ketone has poor aqueous solubility thus poor 

bioavailability of 20%.  Enhancement in dissolution rate of 

poorly water soluble drugs has been achieved by utilizing 

strategies like salt formation [2], use of co-solvents, surfactant 

[3, 4], reduction in particle size [5], microemulsion [6], self-

emulsification [7], complexation, the pro-drug approach [8] 

and solid dispersion [9, 10].  Nanoemulsion is an isotropic 

system [11]. Nanoemulsion was selected as to enhance the 

oral bioavailability of raspberry ketone, as these systems 

require very simple and cheap manufacturing facilities [12]. 

Moreover, it provides various benefits over the conventional 

systems in terms of stability and quick onset of action. 
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ABSTRACT: Raspberry ketone belongs to statin group. It exhibit anti-hyperlipidemic activity. The main 

drawback associated with raspberry ketone is its low oral bioavailability (less than 20 %) due to poor aqueous 

solubility. The objective of present work was to design a formulation to improve the solubility using 

nanooemulsion and to enhance the bioavailability of raspberry ketone by delivering it at the molecular level in 

the form of nanodroplets through oral route. Prepared formulation was studied for droplet size, polydispersity 

index (PDI), percentage transmittance, refractive index, viscosity, zeta potential, surface morphology by 

transmission electron microscopy (TEM) and in vitro release study. Pharmacokinetic studies were carried out 

using Wistar albino rats to evaluate plasma levels of raspberry ketone. Optimized formulation exhibited 

spherical droplets with average diameter of 68.30 ± 2.32 nm, PDI of 0.167 ± 0.055 and zeta potential values of 

-28.50 ± 0.12 mV. Prepared nanoemulsion exhibited good transmittance (99.50 ± 0.06 %), refractive index 

(1.40 ± 0.01) and viscosity (32.12 ± 1.40 cP).  The AUC (0−24) for nanoemulsion formulation (32.692 ± 
2.621 µg.h/ml) was significantly higher (p < 0.05) than raspberry ketone suspension (14.606 ± 1.516 µg.h/ml). 

The Cmax of raspberry ketone nanoemulsion and raspberry ketone suspension was found to be 3.501 ± 0.086 

and 1.247 ± 0.067 µg/ml, respectively. The value of AUC and Cmax of nanoemulsion after oral administration 

were 2.2 fold and 2.8-fold higher than those of suspension, respectively. Higher value of AUC and Cmax in 

case of nanoemulsion ensured higher drug availability at the site of action. On the basis of these research 

findings, it was concluded that raspberry ketone loaded nanoemulsion could be a better option for improving 

its oral bioavailability. © 2020 iGlobal Research and Publishing Foundation. All rights reserved. 

 

Cite this article as: Singh, S.; Virmani, T.; Kohli, K. Nanoemulsion system for improvement of raspberry 

ketone oral bioavailability. Indo Global J. Pharm. Sci., 2020; 10(1): 33-42. DOI: 
http://doi.org/10.35652/IGJPS.2020.10105 . 

mailto:kkohli@jamiahandard.ac.in
mailto:kanchankohli@gmail.com
http://doi.org/10.35652/IGJPS.2020.10105


Indo Global Journal of Pharmaceutical Sciences, 2020; 10(1): 33-42 

34 

 

MATERIALS AND METHODS 

Materials 

Raspberry ketone was gift sample from the Kshipra Biotech, 

Indore, India. Sefsol 218® was provided as gift sample from 

Nikko Chemicals (Tokyo, Japan). The oil vitamin E was 

purchased from Merck, Mumbai, India. Olive oil and almond 

oil were purchased from Falcon, Bengaluru (India). Linseed 

oil was purchased from Sigma-Aldrich, Mumbai, India. 

Solutol HS 15 was provided as gift samples from Signet 

Chemicals Corporation Pvt. Ltd, Mumbai, India. Tween 20, 

tween 60, tween 80 and polyethylene glycol 400 were gifted 

samples from SD Fine Chemicals, New Delhi, India. 

Propylene glycol was procured from Thomas Baker 

Chemicals, Mumbai, India.Capmul MCM, lauroglycol 90 and 

transcutol P were obtained as gift from Gattefosse (Saint 

Priest, Cedex, France). HPLC-grade acetonitrile was 

purchased from Merck, Mumbai, India.  

 

Methods 

1. Analytical methodology 

Raspberry ketones were examined by HPLC method. HPLC 

equipped with quaternary LC-10A VP pumps. The detector 

utilized was UV/VIS detector SPD-10AVP. For analysis of 

raspberry ketones reversed-phase high-performance liquid 

chromatography (RP-HPLC) method was used. The mobile 

phase was a mixture of acetonitrile and methanol (60:40). The 

flow rate was 1.5 ml/min. Before analysis samples were 

filtered through nylon filter (pore size, 0.45 µm) and then 

degassed by sonication in an ultrasonic bath. Assays were 

performed at ambient temperature (25 ± 1 °C) by injecting a 

20 µl of sample in HPLC system and fixing the wavelength of 

detector at 243 nm.  

 

2. Selection of excipients 

Solubility of raspberry ketone in various oils (Sefsol 218®, 

olive oil, linseed oil, vitamin E, almond oil and capmul 

MCM), surfactant (tween 20, tween 60, tween 80, Solutol 

HS), co-surfactant (lauroglycol 90, propylene glycol, 

propylene glycol 400, Transcutol P) was determined by adding 

an excess amount of raspberry ketone in 2 ml of the selected 

vehicles in 5 ml stopper vials and allowed to mix using vortex 

mixer. The vials were then kept at 27 ± 0.5ºC in an isothermal 

shaker for about 72 hours to reach to equilibrium. The samples 

were centrifuged at 3000 rpm for fifteen minutes. The 

supernatant was taken and the concentration of raspberry 

ketone was determined using HPLC method. Surfactant and 

co-surfactant were selected on the basis of miscibility with 

selected oil. Miscibility studies were performed by adding 

selected oil to surfactant or co-surfactant in 1:1 ratio. The 

system was shaken for about 10 min. These resulted mixtures 

were visually observed for clarity. Those mixtures which 

appeared clear were chosen. 

 

3. Construction of pseudoternary phase diagram 

 Pseudoternary phase diagrams were plotted according to the 

procedure explained by Kumar and associates [13]. The 

purpose of constructing phase diagrams was to identify the 

ratio of surfactant and co-surfactant required to prepare 

nanoemulsion.  Different ratios (1:0, 1:1, 2:1, 3:1, 4:1 and 1:2, 

1:3) of surfactant and co-surfactant (Smix) were used. Aqueous 

titration method was used to prepare pseudoternary phase 

diagram. Slow titration with water was carried out for all 

ratios of Smix and oil. After each 5% addition of water to the 

volume ratio, visible observation was done. Those system 

which appeared transparent and easily flowable 

(nanoemulsion) were marked in was marked on a pseudo three 

component phase diagram representing the aqueous phase, 

second representing oil, and the last represent the Smix at fixed 

ratio by using CHEMIX School software ver 3.60 (USA). 

 

4. Formulation and optimization of nanoemulsion by 

experimental design 

 

Table 1. Independent variables used in box-benkhen 

design. 

Symbol Independent variable Levels 

-1 0 1 

X1 Oil (%) 2.34 3.12 3.90 

X2 Smix (%) 9.37 12.5 15.62 

X3 Homogenization pressure 

(bar) 

1250 1500 1750 

X4 Number of  

homogenization cycles 

6 8 10 

 

A four factors, three levels BBD statistical design was selected 

to optimize silymarin loaded nanoemulsion. In present study a 

range of 2.34-3.90 % for oil, 9.37-15.62 % for Smix and 1250-

1750 bar for homogenization pressure were selected for 

optimization. The range of homogenization cycles was taken 

as 6-10. The constraints for droplet size was set at minimum 

whereas for percentage transmittance, zeta potential and drug 

release the constraints set at maximum. Table 1 summarizes 

an account of the independent and dependent variables. 

Design Expert® software (Design Expert® 9.0.4.1, State-Ease 

Inc., Minneapolis, USA) was employed to evaluate the effects 

of oil, Smix concentration, processing pressure and number of 

http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCUQFjAAahUKEwjF4ITOndvGAhVhYqYKHamlAAI&url=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Ffluka%2F85471&ei=N1KlVYXpBeHEmQWpy4IQ&usg=AFQjCNGQhBdv0z_QHyIVJSeleIyuP3xsUw&bvm=bv.97653015,d.dGY
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cycles on the droplet size, zeta potential, % transmittance and 

percentage drug release. Several nanoemulsion formulations 

were prepared as per the design described in Table 2 for 

various runs generated and were investigated for droplet size, 

zeta potential, transmittance and % drug release as the 

response variables. 

Oil in water nanoemulsion loaded with raspberry ketone were 

prepared by high energy emulsification technique. Briefly, 

coarse emulsions (20 ml) were formulated by mixing oil, Smix, 

water and raspberry ketone using vortex mixer. 

Nanoemulsions were prepared by passing coarse emulsions 

through a high pressure homogeniser (STANSTED® Pressure 

Cell Homogeniser, Harlow, Essex CM19 5FN, UK). The 

prepared nanoemulsions were evaluated for droplet size, 

transmittance, zeta potential and in vitro drug release. On the 

basis of constraint of dependent variables, optimized 

formulation was chosen by numerical technique with higher 

desirability factor. This optimized raspberry ketone loaded 

nanoemulsion was further used for in vitro and in vivo 

characterization.   

5. Characterization of optimized formulation  

5.1 Droplet size and PDI 

Droplet size and size distribution (PDI) of optimized 

nanoemulsion was evaluated using Zetasizer (Zetasizer 1000 

HAS, Malvern Instruments, UK) in triplicate. 

 

5.2 Percentage transmittance 

UV spectrophotometer (UV 1601 Shimadzu, Japan) was used 

to estimate percentage transmittance. Formulation (1 ml) was 

taken in cuvette and percentage transmittance was recored at 

630 nm in triplicate.  

 

5.3 Refractive index and viscosity 

Refractive index was estimated using Abbe refractometer 

(Nirmal International, India) in triplicate. Viscosity was 

measured without dilution using a Brookfield DV III ultra 

V6.0 RV cone and plate viscometer (Brookfield Engineering 

Laboratories, MA). All the measurements were carried out at a 

temperature of 26 ± 0.5°C.  

 

 

Table 2. Calculated values of transmittance (Y1), droplet size (Y2), zeta potential (Y3) and % drug release (Y4) of raspberry 

ketone nanoemulsion obtained from BBD (response value are represented as mean value) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Run X1 X2 X3 X4 Y1 Y2 Y3 Y4 

1 -1 -1 0 0 92.88 113.00 -26.50 51.18 

2 1 -1 0 0 90.00 148.00 -25.60 50.00 

3 -1 1 0 0 97.32 61.00 -35.00 86.00 

4 1 1 0 0 96.00 70.00 -32.60 79.14 

5 0 0 -1 -1 94.55 80.40 -30.00 66.02 

6 0 0 1 -1 94.87 76.00 -30.50 67.42 

7 0 0 -1 1 95.54 70.65 -31.70 78.20 

8 0 0 1 1 97.18 61.83 -34.60 85.49 

9 -1 0 0 -1 98.22 56.61 -35.80 86.50 

10 1 0 0 -1 94.68 80.04 -30.00 66.34 

11 -1 0 0 1 98.62 54.00 -36.30 88.87 

12 1 0 0 1 95.12 74.03 -31.00 68.28 

13 0 -1 -1 0 91.34 143.00 -25.80 50.32 

14 0 1 -1 0 94.48 83.00 -29.50 63.89 

15 0 -1 1 0 92.15 120.00 -26.20 50.97 

16 0 1 1 0 99.75 45.60 -38.00 95.00 

17 -1 0 -1 0 93.90 90.00 -28.70 55.35 

18 1 0 -1 0 92.04 122.00 -26.00 50.75 

19 -1 0 1 0 95.33 74.00 -31.30 68.75 

20 1 0 1 0 93.77 97.40 -27.90 52.83 

21 0 -1 0 -1 93.63 107.00 -27.20 52.00 

22 0 1 0 -1 99.25 50.00 -36.90 92.39 

23 0 -1 0 1 93.00 109.00 -26.10 51.88 

24 0 1 0 1 99.00 50.40 -36.80 91.53 

25 0 0 0 0 95.10 74.82 -30.10 68.25 

26 0 0 0 0 95.43 74.36 -30.90 68.76 

27 0 0 0 0 95.00 74.07 -31.00 69.15 

28 0 0 0 0 94.94 73.97 -29.90 67.83 

29 0 0 0 0 95.62 74.57 -30.80 68.00 
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Table 3. Solubility of raspberry ketone in oils, surfactants and co-surfactants and miscibility of selected oil with surfactants 

and co-surfactants 

Solubility of raspberry ketones in oils Solubility of raspberry ketonesin 

surfactants (S)/co-surfactant (C) 

Miscibility of Sefsol 218® 

with surfactant/co-

surfactant 

Oil Solubility 

(mg/ml) ± S.D. (n 

= 3) 

Surfactant (S)/co-surfactant (C) Solubility 

(mg/ml)±S.D. 

(n=3) 

Observation 

Sefsol 218® 65.43 ± 4.76 Tween 20 (S) 16.46 ± 2.32 Phase separation 

Olive oil 9.05 ± 1.31 Tween 80 (S) 20.81 ± 2.70 Clear 

Linseed oil 5.64 ± 0.56 Tween 60 (S) 12.02 ± 1.90 Phase separation 

Vitamin E 13.23 ± 2.01 Solutol HS 15 (S) 8.21 ± 0.86 Turbid 

Almond oil 11.50 ± 1.63 Lauroglycol 90 (C) 14.21 ± 1.35 Clear 

Capmul MCM 10.60 ± 1.48 Propylene glycol (C) 11.03 ± 1.22 Phase separation 

Propylene glycol 400  (C) 10.44 ± 1.07 Phase separation 

Transcutol P (C) 9.71 ± 0.82 Phase separation 

  

Table 4. Relative pharmacokinetic parameters of different formulations of raspberry ketone 

Formulation Cmax (µg/ml) ± S.D. Tmax (h) ± S.D. AUC0-24 (µg.h/ml) ± 

S.D. 

Elimination Rate 

constant 

Drug nanoemulsion 3.501 ± 0.086 2.00 ± 0.12 32.692 ± 2.621 0.075 ± 0.012 

Drug suspension 1.247 ± 0.067 6.00 ± 0.43 14.606 ± 1.516 0.008 ± 0.001 

5.4 Surface charge determination 

Surface charge of nanoemulsion was estimated by measuring 

the electrophoretic mobility. Measurements were carried by 

zeta potential measuring equipment (Zetasizer-1000 HAS, 

Malvern Instruments, UK). 

 

5.5 Surface morphology by transmission electron 

microscopy (TEM) 

Optimized nanoemulsion was evaluated for surface 

morphology using Morgagni 268D transmission electron 

microscope (FEI, Hillsbro, Holand) operated at 70 kV. A drop 

of nanoemulsion was taken and deposited on a wax paper 

which was further stained with 2% (w/v) phosphotungstic acid 

and air dried. Slide was observed for surface morphology with 

TEM. 

 

5.6 Drug content 

Raspberry ketone content of prepared nanoemulsion was 

studied by diluting nanoemulsion suitably with ethanol and 

then raspberry ketone content was estimated using HPLC 

method. Determined raspberry ketone content was designated 

as percent of total amount of drug. 

 

6. In vitro release studies using dialysis membrane 

Release studies were performed to compare the release of 

raspberry ketone from nanoemulsion with raspberry ketone 

suspension. One milliliter of nanoemulsion (containing drug 
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60 mg/ml) and drug suspension were filled in dialysis bag 

which was tied using nylon thread.  Release study was carried 

in 500 ml of phosphate buffer pH (7.4) solution using 

magnetic stirrer (Metrex, Delhi, India) operated at 100 rpm 

and 37 ± 0.5 ºC. At regular intervals (0, 30, 60, 90, 120,150, 

180, 210, 240, 300 and 360 min) samples were withdrawn and 

replaced with fresh buffer. Samples were evaluated for 

raspberry ketone content using HPLC method at 243 nm. 

7. Pharmacokinetic studies 

Pharmacokinetic studies were carried out using Wistar 

albino rats to evaluate plasma levels of raspberry ketone. 

Animals were divided into two groups. All animal studies 

were performed out after approval of the protocol by 

Institutional Animal Ethics Committee. Formulations were 

given orally by using oral feeding cannula and 

micropipette. Group A was orally administered with 

raspberry ketone suspension at a dose of 11 mg per 250 gm 

weight of rat [14, 15] whereas group B received raspberry 

ketone nanoemulsion orally at a dose of 11 mg per 250 gm 

weight of rat. The rats were anesthetized using diethyl 

ether and blood samples (0.2 ml) were withdrawn from the 

retro-orbital eye vein of a rat at 0 (predose), 1, 2, 4, 6, 8 

and 24 h. The samples were collected in EDTA coated 

micro centrifuge tubes. About 100 µl of phosphate buffer 

(pH 8) was added to 100 µl of each plasma sample, 

followed by agitation for 30 sec. Then, 2.5 ml of diethyl 

ether was added to the mixture and vortexed for 15 min. 

The mixture was then centrifuged at 1500 rpm for 5 min. 

After this 2ml of the organic phase was quantitatively 

transferred into fresh eppendorf tubes and vacuum pump 

evaporator was used to evaporate supernatant. The 

residues were resuspended in 100 µl of methanol and 

centrifuged at 9200 rpm for 10 min. From this mixture 

20µl of the supernatant was analysed for raspberry ketone 

using HPLC (Shimadzu, Tokyo, Japan). The obtained data 

was used to determine various pharmacokinetic parameters 

of raspberry ketone.  

 

Simple, sensitive and validated HPLC method was used 

for the determination of raspberry ketone in rat plasma. 

HPLC equipped with wavelength programmable UV/VIS 

detector SPD-10AVP, Rheodyne injector fitted with a 20 

µl loop, Degasser DGU-14A, Controller SCL-10A VP and 

Indicator FCV-10AL VP was used. The concentration of 

raspberry ketone in plasma was evaluated by using a 

mixture of acetonitrile and methanol (60:40) as mobile 

phase. Phenomenex C18 column (150 × 4.6 mm, 5 µm in 

particle size; Hypersil, USA) was used for liquid 

chromatography separation, which was carried out at room 

temperature. The flow rate of mobile phase was 1.5 ml/min 

and retention time was 3 min. Raspberry ketone was 

analyzed spectrometrically at 243 nm. The internal 

standard was heptadecanoic acid [16]. 

RESULTS AND DISCUSSION 

Selection of excipients 

Amongst oils, raspberry ketone showed highest solubility 

(65.43 ± 4.76 mg/ml) in Sefsol 218® therefore this oil was 

selected as oil phase (Table 3). Amongst surfactants, 

raspberry ketone showed highest solubility in tween 80 (20.81 

± 2.70 mg/ml) in comparison to others. Results of miscibility 

study showed that tween 80 was miscible with sefsol 218®. On 

the basis of solubility and miscibility data, tween 80 was 

selected as surfactant as drug exhibited more solubility in it. 

Raspberry ketone showed highest solubility in lauroglycol 90 

(14.21 ± 1.35 mg/ml) in comparison to other co-surfactants. 

Moreover, lauroglycol 90 showed miscibility with sefsol 218® 

on the basis of which it was selected as co-surfactant. 

 

Pseudoternary phase diagram 

Pseudoternary phase diagrams were plotted for each Smix ratio 

(Figure 1). In Smix ratio 1:1, the area of nanoemulsion was less 

as compared to the 2:1 ratio. In the case of Smix 4:1 more area 

was observed as compared to the ratio 3:1 suggesting higher 

emulsification. In Smix ratio 5:1 it was found that no further 

emulsification took place on addition of surfactant. Influence 

of enhanced content of co-surfactant with respect to surfactant 

(1:2 and 1:3) was also observed. It was found that on 

enhancing co-surfactant content there was reduction in 

nanoemulsion area.  

 

Response analysis for optimization of nanoemulsion 

Smaller the droplet size, more is the transmittance of 

nanoemulsion. ANOVA results showed that surfactant amount 

(p<0.0001) has the most significant effect on transmittance, 

followed by oil (p<0.0001), pressure (p<0.0001) and cycle 

(p<0.05). Percentage transmittance for prepared batches was 

in range of 90.00 to 99.75 % indicating that prepared 

nanoemulsion were transparent and clear. The interaction 

effect between different factors has been shown in Figure 2 as 

three dimensional response surface plots. There was increase 

in transmittance with increase in Smix, pressure and cycle.  

 

Surfactant had a significant effect on droplet size of 

nanoemulsion with p<0.0001, followed by oil (p<0.0001), 

pressure (p<0.0001) and cycle (p<0.05). The mean droplet 

size of the prepared batches was in range of 45.60 to 148.00 

nm (table 2).  It was observed that droplet size of formulation 

increases with increase in oil content.  
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More the zeta potential value lead to decreased droplets 

coalescence. Surfactant has more effect on zeta potential of 

nanoemulsion with p<0.0001, followed by oil (p<0.0001), 

pressure (p<0.05) and cycle (p<0.05). Increment in drug 

release was observed with increase in surfactant concentration 

which might be due to ability of Smix to reduce the droplet size.  

 

 

 
Figure 1. Pseudo ternary phase diagram showing existence of o/w nanoemulsion region for different surfactant: co-surfactant 

ratios (or Smix). (a) 1:0; (b) 1:1; (c) 1:2; (d) 1:3; (e) 1:4; (f) 2:1; (g) 3:1; (h) 4:1 and (i) 5:1 
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Figure 2. Response surface plots (BBD design) showing effect of different independent variables (oil, Smix, homogenization 

pressure and number of homogenization cycles) on transmittance, droplet size, zeta potential and drug release of 

nanoemulsion 
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Figure 3. Droplet size and PDI value of formulation 

 

Figure 4. Zeta potential of formulation 
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Characterization of optimized formulation 

1. Droplet size and PDI 

Mean droplet sizes and PDI of the optimized nanoemulsion 

was 68.30 ± 2.32 nm and 0.167 ± 0.055, respectively (Figure 

3). Optimized nanoemulsion had low PDI size thus showed 

the narrow size distribution. 

 

2. Surface charge determination 

Zeta potential values of optimized formulation was found to 

be -28.50 ± 0.12 mV (Figure 4). The obtained  results 

suggesting more stable formulation. 

 

Figure 5. Transmission electron microscopy of formulation 

 

 

Figure 6. Comparative in-vitro release profile of raspberry 

ketone nanoemulsion and suspension 

 

3. Refractive index and viscosity 

Refractive index of optimized formulation was found to be 

1.40 ± 0.01, showing isotropic nature of formulation.  

Viscosity of formulation was found to be 32.12 ± 1.40 cP, 

which is less than 50 cP hence confirming better tolerance on 

oral administration [17]. 

 

 

 

4. Surface morphology study  

TEM images were taken of the optimized nanoemulsion 

(Figure 5). No aggregation was observed.   

 

5. pH 

pH of nanoemulsion was found to be 5.8 ± 0.3. The pH of 

formulation was within acceptable range for oral 

administration.  

 

 

Figure 7. Comparative in vivo absorption profile for drug 

nanoemulsion and suspension 

  

6. Percentage transmittance 

Transmittance of nanoemulsion was found to be 99.50 ± 0.06 

% showing that it was transparent and clear [13]. 

 

In vitro release studies using dialysis membrane 

In vitro release study results demonstrated that raspberry 

ketone showed faster release. It was due to solubilisation of 

raspberry ketone in the oil phase because of Smix. It was found 

that raspberry ketone nanoemulsion showed 91.22 ± 3.21 % 

release in comparison to 32.11 ± 2.17 % released by 

suspension in 6 h (Figure 6).  

 

Pharmacokinetic studies 

The plasma profile of formulations were determined (Figure 

7). Various pharmacokinetic parameters are listed in Table 4. 

The AUC (0−24) for nanoemulsion formulation (32.692 ± 

2.621µg.h/ml) was significantly higher (p < 0.05) than 

raspberry ketone suspension (14.606 ± 1.516 µg.h/ml). The 

Cmax of raspberry ketone nanoemulsion and raspberry ketone 

suspension was found to be 3.501 ± 0.086 and 1.247 ± 

0.067µg/ml respectively. The value of AUC and Cmax of 

nanoemulsion after oral administration were 2.2 fold and 2.8-

fold higher than those of suspension, respectively.  
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CONCLUSION 

Raspberry ketone loaded nanoemulsion was prepared. The 

formulation was developed by high energy emulsification 

technique in order to enhance its oral bioavailability. 

Raspberry ketone loaded nanoemulsion formulation showed 

significant improvement in in vitro release as compared to 

raspberry ketone suspension. The in-vivo study in Wistar 

albino rats gave significantly higher AUC and Cmax. The value 

of AUC and Cmax of nanoemulsion after oral administration 

were 2.2 fold and 2.8-fold higher than those of suspension, 

respectively. 
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