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Background: Sorbitan monostearate is a surfactant used in the food industry. It was proved 
as a penetration enhancer to metformin HCl via a paracellular pathway. It is solid at room 
temperature and has a low melting point. Therefore, it was selected, as a granulating agent 
for metformin HCl.
Methods: Multi-level factorial design was applied to determine the optimized formula for 
industrial processing. The selected formulations were scanned using an electron microscope. 
Differential scanning calorimetry was used to ascertain the crystalline state of a drug. 
A modified non-everted sac technique, suggested by the authors, was used to evaluate the 
in vitro permeation enhancement of the drug. To simulate the emulsification effect of the bile 
salt, a tween 80 was added to the perfusion solution. As a pharmacodynamic marker, blood 
glucose levels were measured in diabetic rats.
Results: The results showed that drug permeability increases in the presence of tween 80. 
Drug permeability from granules increased than that of the pure drug or pure drug with 
tween 80. The prepared granules decreased blood glucose levels of diabetic rats than the pure 
drug and drug plus tween 80. There was an excellent correlation between the results of the 
drug permeation percent in vitro and the dropping of blood glucose level percent in vivo.
Conclusion: Improving the drug permeation and consequently, the drug pharmacodynamic 
effect in addition to an excellent micromeritics property of the prepared drug granules 
showed the dual enhancement effect of the suggested industrial procedure. Therefore, we 
suggest the same industrial procedure for other class III drugs.
Keywords: sorbitan monostearate, class III drugs, factorial design, modified non-everted sac

Introduction
Biopharmaceutical Classification System (BCS) is a scientific schematic system, 
which classifies the pharmaceutically active ingredients into four classes based 
on the solubility and the intestinal permeability parameters. That is because the 
leading factors that govern the rate and extent of drug absorption, are its 
solubility and intestinal permeability. Class I drugs have high water solubility 
and high intestinal permeability. The drugs of class II have high permeability but 
also have low solubility. In contrast to class II, class III drugs have high 
solubility but low permeability. Then, it could be expected that class IV drugs 
are poorly soluble and poorly permeable.1 There are many trials to increase the 
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solubility of drugs. Self-micro emulsifying drug delivery 
system (SMEDDS) is one of the techniques used to 
improve the drug solubility of class two. It is a pre- 
concentrated mixture of surfactants, co-surfactants, and 
lipophilic phases. This mixture forms fine droplets of 
emulsion with a size range of 5–100 nm when diluted 
with water or the body fluids in the aqueous lumen of the 
gut.2 SMEDDS was also considered as an ideal carrier 
for the delivery of drugs class II and IV. That is due to 
the improvement in the in vitro and in vivo performance 
of poorly water-soluble drugs.3

Metformin hydrochloride, according to BCS, is a class 
III drug. It has high water solubility and low intestinal 
permeability. Accordingly, an increase in the permeability 
of the drug will lead to an increase in its bioavailability,4 

and consequently, decreasing the drug dose. Self- 
emulsified drug delivery system (SEDDS) of metformin 
hydrochloride enhanced its intestinal permeability, which 
leads to increasing its oral bioavailability.5–10

Tablets are the most prevalent pharmaceutical dosage 
form for various reasons including self-administration with 
to some extent an accurate dose. The drug content and 

drug content uniformity would be controlled by the phar-
maceutical industry within a pharmacopeia range. The 
filling of the die of the tablet press will determine the 
tablet weight and consequently the dose of the drug 
in mg. This means the tablet press machine uses the die 
volume (ml3) for dose (mg). The filling of the die of the 
tablet press machine will be done in most cases according 
to the bulk density of the powder mixture. In some filling 
machines, especially capsule-filling ones, there is 
a screwing mechanism, which creates some pressure to 
press the powder during the filling process as a trill to 
increase the amount of the powder in the capsules’ shell. 
This means the change of the filling process from bulk 
density to a certain degree of tapped density. The homo-
geneity of the tablet weight and consequently the drug 
content uniformity would depend on the powder flow, its 
bulk density, and its particle size range. The above tech-
nological aspects for each drug could be overcome by 
change the drug powder form to granules with a narrow 
particle size range using a suitable granulation technique. 
Metformin hydrochloride is one of the most popular used 
oral hypoglycemic drugs in a high dose (500, 850, and 
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1000 mg). It has poor flowability and poor compression 
properties, in addition to its high dose, which creates 
formulation problems.11

Reviewing the kinds of the literature indicated that 
there are a lot of trials dealing with granulation of metfor-
min to improve only its micromeritics properties. Different 
granulation techniques like wet granulation technique12,13 

and melt granulation technique14–17 were used. A modified 
wet granulation technique was also suggested by Aodah 
et al, 2020,18 as a trial to reduce the wet granulation steps 
and maybe also useful to decrease the drug degradation by 
heat for the drying step of the wet drug granules.18 

Sorbitan monostearate (Span-60) is an ester of a sorbitol 
derivative and stearic acid. It is used primarily as an 
emulsifier and approved by the European Union to be 
used as a food additive emulsifier.19,20 Also, it is consid-
ered safe for human use because of long-term toxicity 
studies, which displayed no sign of carcinogenic activity 
in humans at different dose levels.21,22 Pardakhty, 2017,23 

reported that

Sorbitan monostearate is the better surfactant used in noi-
some preparation. High-phase transition temperature, low 
hydrophilic-lipophilic balance, and critical packing factor 
of Sorbitan monostearate resulted in spherical vesicles of 
good size.23 

Mady24 succeeded to use sorbitan monostearate as 
a microsphere matrix prepared by congealing technique 
and solvent evaporation technique.24 That is, maybe, due 
to its lower melting point and solid-state characteristics at 
room temperature. A trial to granulate paracetamol to 
improve its compressibility by using glyceryl monostea-
rate or stearic acid was also studied. The results showed an 
improvement in the compressibility of the standard drug 
used for incompressibility (paracetamol). Also, the ability 
to the formation of spherical granules using glyceryl 
monostearate was shown.25 Latterly, Mady et al26 suc-
ceeded to enhance the permeability of metformin HCl by 
using sorbitan monostearate as a microparticle matrix.26 

The drug enhancement mechanism was via the paracellu-
lar pathway absorption mechanism. Accordingly, this 
study aims to use the lower melting point and solid state 
at room temperature charactersistics of sorbitan monostea-
rate to granulate metformin hydrochloride by using the 
melting congealing technique suggested by the author. 
The factorial experimental design would be applied to 
study different granulation factors using the required 
drug processing properties as indicators. Characterization 

of the drug in the prepared granules should be carried out 
by using some instrumental analysis. Then, the role of 
sorbitan monostearate as a surface-active agent on the 
dissolution and permeability of the drug in vitro is studied. 
Improving the drug permeability in vitro should be also 
confirmed by an in vivo test as a trial to confirm the drug 
permeability enhancement.

Materials and Methods
Materials
Metformin hydrochloride (El-Nasr Pharmaceutical 
Chemicals Co, Egypt), n-octanol (Loba Chemie, India), 
sorbitan monostearate and Tween 80 (Oxford, Lab Chem, 
Mumbai, India), disodium monohydrogen phosphate and 
potassium dihydrogen phosphate are purchased from El- 
Gomhoria Company for Chemicals (branch Tanta city, 
Egypt). All others reagents and chemicals used were of 
analytical reagent grade.

Methods
Experimental Design
Metformin HCl granulation process was optimized by 
using a multilevel factorial design (41, 22). The software 
used, is MINITAB, version 17. Table 1 shows that the 
selected independent variables are the concentration of 
granulating agent (sorbitan monostearate) at four levels, 
the granulation temperature, and stirring rate each at two 
levels. The tested dependent variables are the angle of 
repose, compressibility index, and mean particle size. 
The experimental trials were performed at all 16 possible 
combinations (Table 2).

Table 1 Coded Unit of Variables and Their Respective Levels on 
the Application of (41, 22) Multi-Level Factorial Design

Factors Coded Levels 
Condition

A (sorbitan monostearate concentration) 5 10 15 20

B (temperature) 60 80

C (stirring rate) 100 200

Dependent Variables Constraints

Y1 = Angle of repose Target

Y2 = Compressibility index Minimize

Y3 = particle size (mm) Maximize
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Granulation of Metformin Hydrochloride
A physical mixture (20 g) of metformin hydrochloride and 
sorbitan monostearate was prepared according to Table 2. 
Each physical mixture was stirred at room temperature for 
5 minutes using a mechanical stirrer (Heidolph, Germany) 
supported with a locally made shaft of a planetary mixer. 
The stirring rate and temperature of the prepared physical 
mixture are adopted according to Table 2 for 15 minutes. 
Then, the temperature decreased while stirring at the same 
stirring rate as room temperature. The prepared granules 
were collected and stored at room temperature for further 
investigation.

Characterization of the Prepared Metformin HCl 
Granules
Flow Properties 
The flow properties of different products were carried out 
using the angle of repose method. The funnel was main-
tained at a fixed height in all experiments. The samples 
were passed through a funnel to form a stable cone.27 The 
angle of repose (θ) was calculated by using Equation 1:

θ ¼ tan h=rð Þ (1) 

where θ = angle of repose, h = height of the cone, r = 
radius of the cone base.

Density Measurements 
A sample of 10 g was carefully introduced into a 50 mL 
graduated cylinder. The bulk volume (V0) was measured 

in cm3. The fixed cylinder was dropped from a high of 
2.5 cm at one-second intervals.28 The tapping was contin-
ued until no further change in volume was noted. The 
tapped volume (Vt) was measured cm3.28 The different 
parameters of the granules were calculated according to 
Equations (2–4):

Bulk density ¼
weight of the sample in

volume in cm3 V0ð Þ
(2) 

Tapped density ¼
weight of the sample in

volume in cm3 Vtð Þ
(3) 

Compressibility index ¼
Tapped density � Bulk density

Tapped density
� 100

(4) 

Mean Particle Sizes
The mean particle sizes of the granules were determined 
by using the sieve method. A definite weight of granules 
was placed on a set of standard sieves automatically sha-
ken for 10 min using a mechanical sieve shaker at 
a constant speed. Granules fraction remaining on the 
sieves were weighed to determine the particle size 
distribution.25 The mean granules diameter was calculated 
using Equation 5.29

Table 2 The Design Matrix of the Prepared Granules Formulations

Formula Code Coded Levels Sorbitan Monostearate (g %) Temperature (°C) Stirring Rate (rpm)

A B C

F1 5 60 100 5 60 100

F2 5 60 200 5 60 200
F3 5 80 100 5 80 100

F4 5 80 200 5 80 200

F5 10 60 100 10 60 100
F6 10 60 200 10 60 200

F7 10 80 100 10 80 100

F8 10 80 200 10 80 200
F9 15 60 100 15 60 100

F10 15 60 200 15 60 200

F11 15 80 100 15 80 100
F12 15 80 200 15 80 200

F13 20 60 100 20 60 100

F14 20 60 200 20 60 200
F15 20 80 100 20 80 100

F16 20 80 200 20 80 200
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Mean particle size¼
∑ mean particle size of the fraction
�weight fraction

� �

∑ %weight fractionð Þ

(5) 

Determination of the Actual Drug 
Content
Accurate weight of metformin HCl granules (100 mg) of 
different particle sizes (1000 µm, 800 µm, 315 µm, and 
106 µm) and prepared by using different concentrations of 
the granulating agent was dissolved in 100 mL of 0.1 
N HCl at 60°C. The prepared solutions were measured 
spectrophotometry at 232 nm using 0.1 N HCl as a blank. 
It was also proved that the presence of sorbitan monostea-
rate in the solution does not affect the drug absorbance. 
The procedure was carried out in triplicate.30 The mean 
actual drug content was calculated using the Equations (6 
and 7):

Theoretical drug content (TDC)

TDC ¼
drug total

drug total þ span 60ð Þ
� 100 (6) 

Actual drug content (ADC)

ADC ¼
Actual drug content total

drug total þ span 60ð Þ
� 100 (7) 

Drug Release
The exact weight of the prepared sorbitan monostearate 
granules containing 500 mg of metformin HCl (calculated 
according to the determined actual drug content) and par-
ticle size range of 400–315 µm was added to the Paddle 
USP dissolution apparatus, Type Dis 6000 (Copley 
Scientific, UK). The release medium was 900 mL of 
0.1N HCl with a maintained temperature at 37 ± 0.5°C. 
At a predetermined interval time, 5 mL samples were 
withdrawn for analysis, and 5 mL of the fresh release 
medium was added to replenish each sample withdrawn. 
The drug content of the samples was determined spectro-
photometrically at 232 nm using a UV/visible spectro-
photometer (Thermo Fisher Scientific, model EVO 
300PC, software: vision pro, USA). Three replicates 
were conducted.31

Thermal Analysis
Thermal analysis of metformin HCl and different concen-
trations of sorbitan monostearate–metformin HCl granules 
were carried out. The heating range was between 20 to 

240°C. That is to cover the melting point of the pure drug, 
which is reported to be at 225°C.32 For thermal analysis, 
differential scanning calorimeter (DSC) was conducted for 
each sample simultaneously using DSC (PerkinElmer 
simultaneous thermal analyzer SAT 6000, supplied with 
a software: Pyris SAT 6000, USA).32

Electron Scanning Microscope 
Examination
Electron scanning microscope [ESM] (JEOL-model: JSM- 
5200LV, Japan) was used to study the morphology and 
surface of the prepared sorbitan monostearate–metformin 
HCl granules. It was tried to elucidate the shape of the 
granules and the method of agglomeration by using differ-
ent magnifications to obtain the best vision.

Statistical Analysis
Statistical analysis of the predetermined parameters was 
performed using MINITAB software, the product licensed 
to Adam A. Al-Shoubki, product version: (Minitab® 

17.3.1). The factorial design was statistically analyzed by 
multiple regression analysis. A statistical model incorpor-
ating the interactive and the polynomial terms was used to 
evaluate the response (Equation 9):

Y ¼ b0þ b1Aþ b2Bþ b3Cþ b12ABþ b13AC
þ b23BCþ b123ABC (8) 

Where Y is the dependent variable, b0 is the arithmetic 
mean response of the 16 runs, and bi is the estimated 
coefficient for the factor i. The mean effects (A, B, and 
C) represent the average results of changing one factor at 
a time from its low to a high level. The interaction terms 
(AB, AC, and BC) show how the response changes when 
two factors are changed simultaneously. The significance, 
validation of the chosen formula, and the contribution of 
each factor with different levels on response were evalu-
ated by two-way analysis of variance at a 95% significance 
level (p<0.05).33

Experimental Determination of the Drug 
Partition Coefficients (Log P)
An amount (20 mg) of either pure drug or that of each 
drug granulated with sorbitan monostearate was dissolved 
in n-octanol. Distilled water (20mL) was added while 
stirring. The prepared solution was transferred into 
a separating funnel and allowed to equilibrate. The drug 
concentration in the aqueous was measured 
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spectrophotometrically at 232 λ max. The log P was cal-
culated according to Equation 9:

Log p ¼ log
solute unionized in octanol
solute unionized in water

� �

(9) 

Modified Non-Everted Sac Technique to 
Evaluate the Intestinal Permeability
The method steps, employed to evaluate the drug perme-
ability profile from the modified non-everted sac method, 
are the modified experimental procedures described by 
references.34–36

Preparation of the non-everted intestinal sacs: The ani-
mal used in this study was a Male albino rabbit with 
a weight of 2 kg obtained from the Tanta animal house. 
All procedures were approved and regularly controlled by 
the Animal Ethics Committee of Faculty of Pharmacy 
Tanta University (No: 2212018) and all experiments 
were performed in accordance with the guidelines and 
regulations of this committee. All the procedures were 
also carried out in full accordance with the ARRIVE 
guidelines 2020,37 and adequate care was taken to mini-
mize pain and discomfort for animals. They are accom-
modated in a clean room with free access to food and 
water. They did not eat overnight with free access to 
water and were anesthetized by intramuscular injection 
of ketamine HCl. The animal was sacrificed upon confir-
mation of loss of the pain response. A midline longitudinal 
incision of 3–4 cm was made and the small intestine was 
located. A sac of 14 cm segment of the intestine was 
rinsed with phosphate buffer pH 6.8 to remove any solid 
material and the side of the segment of the small intestine 
was tied by using surgical thread. To check leaks, the fresh 
intestinal sac was filled with phosphate buffer pH 6.8, tied 
to the other side with surgical thread, and checked. The 
prepared segments after each step were placed in contin-
uous aerated phosphate buffer pH 6.8 and used for study-
ing the drug permeation on the same day after filling with 
the perfusion solution.

Preparation of perfusion solution and filling the non- 
everted sacs: an amount of sorbitan monostearate granules 
containing 50 mg of metformin HCl as an actual drug 
content was accurately weighed. The sample was dis-
solved in 3 mL of pH 6.8 phosphate buffer and then 
one mL of tween 80 was also added. Tween 80 was 
added as a simulation of the effect of the bile salts on 
drug absorption. After emptying the fresh intestinal sac 
segment from the buffer solution, the intestinal sac was 

then filled with the prepared perfusion solution, tied with 
surgical thread, and tested for leaks. For calculation, the 
permeability segment length and diameter were measured.

Drug permeation profile study: the prepared segment 
was suspended on the shaft of the USP dissolution appa-
ratus. The outside of the sac medium [permeation med-
ium] was 900 mL of phosphate buffer [pH 6.8] with 
continuous aeration and maintained the temperature at 37 
± 0.5 ° C. The stirring rate was 50 rpm. Samples of 5 mL 
were withdrawn at predetermined time intervals and the 
fresh release medium was added to replenish each sample 
withdrawn. The amount of drug permeated from the seg-
ment to the medium was determined spectrophotometri-
cally at 232 λ max.19 The validation data of the method of 
analysis are as follows: R2 value is 0.999, linearity is 
between 2 and 20 μg/mL (Range used), the precision as 
RSD% values are less than 2%, the accuracy is confirmed 
by recovery percent (99.72–100.81%).

Determination permeability coefficient: the permeabil-
ity coefficient [apparent permeability] was determined by 
using Fick’s law across the isolated rat intestine.38 The law 
is described mathematically as (Equation 10):

dM=dt ¼ PS Cd � Cr½ � (10) 

where dM/dt is moles of solute transported per unit 
time, P is permeability coefficient, S is the surface area of 
the membrane, Cd is the concentration of solute in the 
donor [serosal] phase and Cr is the concentration of solute 
in the recipient [mucosal] phase. In this case, the sink 
conditions prevail since the volume of the serosal fluid is 
much larger than the mucosal volume, then Cd is constant 
and much larger than Cr and Cr could be ignored. 
Accordingly, the equation could be written as Equation 11:

dM=dt ¼ PSCD (11) 

The variables M and Cd could be determined by ana-
lysis of the mucosal fluid. The surface area [S] could be 
calculated by considering the intestinal sac a cylinder. 
From these values, M/SCd could be calculated and plotted 
against time. The slope of the linear portion of the plot is 
the permeability coefficient [P], which has the units of 
velocity [cm/s]. The slope of the linear portion of the 
curve was determined by linear regression.39,40

In vivo Study
Animals
The animal used in this study was the male albino Wistar 
rats aged 7–8 weeks with a weight of 150–200 g. All 
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procedures were approved and regularly controlled by the 
Animal Ethics Committee of Faculty of Pharmacy Tanta 
University (No: 2212018) and all experiments were per-
formed in accordance with the guidelines and regulations 
of this committee. All the procedures were also carried out 
in full accordance with the ARRIVE guidelines 2020,37 and 
adequate care was taken to minimize pain and discomfort for 
animals. The housing of the animal was at an ambient 
temperature of 25±1°C and relative humidity of 45–55% 
with a 12hr each of dark and light cycle. They were fed 
pellet diet and water ad libitum.

Induction of Experimental Diabetes
The animals did not eat overnight. Diabetes induction was 
done by a single intraperitoneal injection of a freshly pre-
pared solution of streptozotocin (50 mg/kg body weight) in 
0.1 M citrate buffer (pH 4.5). To overcome the hypogly-
cemic effect of the drug, the animals could be able to drink 
a 5% glucose solution. On the third day of streptozotocin 
injection, the rats fasted for 6 h, and blood was withdrawn 
from the tail vein. The blood glucose level was measured 
using the Accu-Chek active using the Accu-Chek active 
test strips. Rats that had fasting blood glucose levels 
>250 mg/dl were considered to be diabetic and were 
used to monitor the efficacy of metformin formulations.

Determination of the Hypoglycemic 
Effect of Metformin HCl
On the day of experimenting, the rats for 15 minutes were 
given free access to the pellet. After that, the food was 
restricted but there was free access to water for 2 hours. That 
is to provide a stable glucose level in the rat’s blood. The 
formulations were dispersed in water at concentration of 
30 mg/mL and 0.125 mL tween 80 was added for each mL. 
Then, 1 mL of the prepared tested dispersion was administered 
orally to each rat. A blood sample was withdrawn from the tail 
vein at time intervals of (0, 0.25, 0.5, 1, 2, 3, 4, 5, 6, 7, and 8) 
hours. The blood glucose was measured by using an Accu- 
Chek active test strip. The dropping of the blood glucose 
level percent was also calculated and plotted as a function of 

time. The area above the curve was determined and used for 
monitoring the efficacy of different formulations.41

Statistical Analysis
A one-way analysis of variance (ANOVA) test was per-
formed to demonstrate statistical significance of blood glu-
cose level as the independent factor. The GraphPad Prism 
version 8.0.1 for Windows (GraphPad Software, San Diego, 
California, USA, www.graphpad.com) was used for this 
purpose. P < 0.05 was considered statistically significant.

Results and Discussion
To study the effect of each factor on the response, the 
micro metric characteristics of the prepared granules are 
assigning for all formulas as shown in Table 3.

The Angle of Repose
The values of the angle of repose are between 28.072° and 
32.828° (Table 4) indicating the flow of all prepared gran-
ules is either very free-flowing or free-flowing.

The relationship between the response Y1 (angle of 
repose) and the independent variables (A, B, C, AB, AC, 
and BC) was evaluated by using a stepwise multivariate 
linear regression. The result is reported in Equation 12:

Y1 ¼ 35:80 � 2:580A � 2:12Bþ 0:08C þ 0:979A � B
þ 0:033A � C þ 0:230B � C

(12) 

Regression analyses reveal that, the only significant 
effect of factor A and the interaction AB on the angle of 
repose values (p < 0.05). The most effective factor is 
A with a negative coefficient value indicating that sorbitan 
monostearate at high concentration (20%) decreases the 
angle of repose significantly. The most interaction factors 
are AB with a positive coefficient value indicating that 
they are the use of high sorbitan monostearate concentra-
tion (20%) and a high temperature (80° C). Accordingly, 
the optimized formulation condition for the angle of 
repose is high sorbitan monostearate concentrations 
(20%) at (80° C) and 100 or 200 rpm (formulas, F15 and 

Table 3 Summary of Optimization Responses

Parameters Goal Values

Response Lower Target Upper

Mean Particle Size Maximum 0.5342 0.6683 –
Compressibility Index Minimum – 4.2105 18.8387

Angle of Repose Target 27.1360 30.0000 33.4690
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F16). A physical mixture between the drug and sorbitan 
monostearate is first prepared at room temperature to 
assure homogeneous mixing of the granulating agent 
with the drug crystals. Increasing the temperature led to 
molten the binder. The molten liquid is distributed onto the 
surfaces of fine solid drug crystals leading to the formation 
of the nuclei by a distribution method. The nuclei are 
formed by the collision between the wetted particles. The 
residual surface liquid of the binder promoted the success-
ful fusion of nuclei (Figure 1B and D). The surface liquid 
imparts plasticity to the nuclei and is also essential for 
enabling the deformation of the nuclei surface for coales-
cence as well as promoting the rounding of granulation. 
This could be noticed from the ESM of the F16 (Figure 1B 
and D). Accordingly, the value of the angle of repose 
would be expected to improve by the covering of the 
drug crystals with sorbitan monostearate as an initiating 
agent for the granulation process and then the aggregation 
of the covered drug crystals into granules. The suggested 
granulation mechanism is depending on the concentration 
of sorbitan monostearate, which must be melted to cover 
the drug crystal particles while stirring.

Compressibility Index (%)
Table 4 summarizes the average compressibility index (%) 
values for all granule’s formulation. The regression 

equation for the response Y2 (compressibility index) and 
the independent variables (A, B, C, AB, AC, and BC) is 
represented in Equation 13.

Y2 ¼ 30:92 � 3:33A � 6:01B � 10:21C � 0:622A � B
þ 0:874A � C þ 5:27B � C

(13) 

Regression analyses reveal the significant effects of all 
tested factors and interactions at (p<0.05) on the 
Compressibility index (%) except AB and AC interactions. 
The most effective factor is negative C (stirring rate). That 
is, maybe, due to increasing the granules homogeneity 
(Figure 1A–D). The second and third effective factors 
are negative B (temperature) and negative A (sorbitan 
monostearate concentration), respectively. These results 
indicate that the optimized formulation conditions for the 
compressibility index (%) is (F16) which is formulated by 
high sorbitan monostearate concentration (20%) at (80 ° 
C) and (200 rpm).

Mean Particle Size
For tablet manufacturing, the powder should be within 
a particle size range of 0.2–4.0 mm. They are primarily 
produced as an intermediary with a size range of 0.2– 
0.5 mm to be either packed as a dosage form or be 
mixed with other excipients before tablet compaction.42 

As a new application for sorbitan monostearate as 

Table 4 In vitro Characterization of All Granule’s Formulation

Formula 
Code

Physical Characteristic Parameters

Bulk Density 
(g/mL)

Tapped Density 
(g/mL)

Angle of Repose 
(0)

Compressibility Index 
(%)

Mean Particle Size 
(mm)

Drug 0.704 (±0.014) 0.961 (±0.012) 40.810 (±1.004) 26.767 (±0. 910) 0.229

F1 0.510 (±0.006) 0.618 (±0.007) 32.793 (±0.524) 17.377 (±0.091) 0.582

F2 0.588 (±0.011) 0.660 (±0.004) 32.528 (±0.948) 10.851 (±2.139) 0.534

F3 0.560 (±0.015) 0.667 (±0.004) 31.166 (±0.517) 16.002 (±2.095) 0.585

F4 0.491 (±0.008) 0.549 (±0.008) 32.828 (±0.946) 17.341 (±0.610) 0.568

F5 0.504 (±0.007) 0.600 (±0.019) 31.348 (±0.858) 15.816 (±3.836) 0.594

F6 0.512 (±0.016) 0.588 (±0.009) 31.549 (±0.972) 12.790 (±3.614) 0.573

F7 0.495 (±0.008) 0.555 (±0.020) 31.828 (±0.893) 10.530 (±4.584) 0.612

F8 0.500 (±0.005) 0.590 (±0.011) 31.412 (±0.887) 15.224 (±1.901) 0.598

F9 0.555 (±0.007) 0.606 (±0.016) 28.072 (±0.813) 8.307 (±3.354) 0.646

F10 0.560 (±0.011) 0.600 (±0.014) 28.886 (±0.835) 6.690 (±2.489) 0.630

F11 0.549 (±0.006) 0.587 (±0.017) 28.693 (±0.772) 6.330 (±1.880) 0.657

F12 0.503 (±0.003) 0.553 (±0.013) 29.865 (±1.247) 9.063 (±2.245) 0.645

F13 0.550 (±0.012) 0.598 (±0.014) 28.072 (±0.920) 7.928 (±3.522) 0.662

F14 0.587 (±0.005) 0.635 (±0.015) 28.886 (±0.801) 7.426 (±1.880) 0.649

F15 0.566 (±0.007) 0.607 (±0.015) 30.837 (±0.892) 6.735 (±1.262) 0.668

F16 0.553 (±0.012) 0.604 (±0.009) 30.905 (±0.893) 8.393 (±0.845) 0.662

Note: Values expressed as mean, ± standard error of mean, n=3.
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a granulating agent, the mean particle size was also 
selected to be a response to the granulation process. 
Stepwise multivariate linear regression equation 
(Equation 14) for the response Y3 (mean particle size) is

Y3 ¼ 0:5793þ 0:02750Aþ 0:00669B � 0:05456C
� 0:00360A � Bþ 0:00726A � C þ 0:01186B � C

(14) 

Regression analyses reveal the significant effects of all 
tested factors and the interactions (p<0.05) on the mean 
particle size values except factor B and interaction AB. 
That is, maybe, due to increasing the temperature alone of 
powder, which could not be expected to improve its mean 

particle size. Also, increasing the temperature of the pow-
der in the presence of sorbitan monostearate as 
a granulating agent when melted without stirring has no 
effect on the mean particle size as an interaction. The most 
effective factor is positive A (sorbitan monostearate con-
centration). The second effective factor is negative 
C (stirring rate). These results indicate that the optimized 
formulation condition for mean particle size increasing is 
high sorbitan monostearate concentrations (20%) at 
200 rpm and either (60 ° C or 80 ° C) formula (F14, F16).

The result of regression analysis of the three factors 
(Angle of repose, compressibility index, and mean particle 
size) showed that the optimum formula is F15 (Table 5). 

Figure 1 Electron scanning microscope photograph (ESM). (A and C) shows formula 12 at ×35 and ×100 magnifications, respectively; (B and D) shows formula 16 at ×35 
and ×100 magnifications, respectively; (E–G) shows formula 4 formula 8, and pure drug at the ×35 magnification, respectively.
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Then, the optimum granulation procedure is by using 
a 20% granulating agent (high level), the temperature at 
80 °C (high level), and 100 rpm stirring rate (low level).

These results could be considered compliant with the 
granulation process since increasing the concentration of 
the granulating agent increase the efficacy of the granula-
tion process (Figure 1A–F. High temperature maintains the 
granulating agent in the melt state, which enhances its 
effect in initiating the granulation process, a fusion of the 
melted droplets, and rounding the granules. Also, the low 
stirring rate led to an increase in the granules particle size.

Figure 1A–G shows the electron scanning microscope 
image of different metformin HCl granules prepared by 
using different sorbitan monostearate concentrations, and 
pure drug. Comparing the ESM of the pure drug 
(Figure 1G) and the ESM of the granules (Figure 1A–F), 
it can be concluded the aggregation of the drug crystals 
into granules because of using sorbitan monostearate as an 
aggregating agent. Also, it can be noticed that, increasing 
the granules particle size with increasing the granulating 
agent concentration. That is, maybe, due to increasing the 
covering effect of the molten sorbitan monostearate to the 
drug crystals, which aggregated to form nuclei by distribu-
tion mechanism.

Drug Content
Table 6 represents the mean actual drug content of all 
prepared metformin granules. From the table, it can be 
noticed the closest of the values of both theoretical 
(TDC) and mean actual drug content (ADC). Also, 
ACD of the four-particle size fractions of the prepared 
granules showed increasing the ADC by decreasing the 
particle size except that in the case of using 20% sorbi-
tan monostearate as a granulating agent. Increasing the 
ACD with decreasing the particle size on using 5%, 
10%, and 15% granulation agent indicating the insuffi-
cient amount of sorbitan monostearate to granulate the 
amount of the drug used.

Partition Coefficient
The partition coefficient is a parameter used to indicate the 
lipophilicity of the drug. Since metformin HCl is granulated 
by sorbitan monostearate, it is essential to measure the effect 
of the different concentrations of the granulating agent used 
on the drug granules lipophilicity. From (Table 7) we can 
notice increasing the values of the partition coefficient by 
increasing the concentration of the granulating agent. 
Increasing the partition coefficient of the granulated metfor-
min, which increased by increasing the granulating agent 
concentration, indicates increasing the lipophilicity of the 
granulated hydrophilic drug with sorbitan monostearate. 
This led to expecting the increase in the drug permeability 
and hence its pharmacodynamic effect.43

In vitro Drug Release
The drug release profiles from the same particle size range 
of the granules prepared by using different concentrations of 

Table 5 The Optimum Formula for All Responses (F15)

Factors A B C

Levels 4 (20%) 2 (80 ° C) 1 (100 rpm)

Responses Mean 
Particle Size

Compressibility 
Index

Angle of 
Repose

Value 0.672 4.426 29.748

Table 6 Actual Drug Content of All Formulations

Formula Code TDC (%) ADC (%) ±SD

F1 95 94.250 0.225
F2 95 94.432 0.289

F3 95 94.364 0.707

F4 95 94.795 0.418
F5 90 88.409 0.321

F6 90 89.068 0.418

F7 90 88.795 0.289
F8 90 89.455 0.707

F9 85 83.864 0.257
F10 85 84.045 0.193

F11 85 84.091 0.193

F12 85 84.455 0.321
F13 80 79.045 0.257

F14 80 79.364 0.321

F15 80 79.432 0.354
F16 80 79.500 0.257

Note: Values expressed as mean, ± standard error of mean, n=3. 
Abbreviations: ADC, actual drug content; TDC, theoretical drug content.

Table 7 Log P Values of Pure Drug and Drug Granules

Sorbitan Monostearate % Log p ±SD

Pure drug (0%) −0.560 0.022

F4 (5%) −0.052 0.006
F8 (10%) −0.047 0.006

F12 (15%) −0.026 0.002

F16 (20%) 0.016 0.006

Note: Values expressed as mean, ± standard error of mean, n=3. 
Abbreviation: log p, log10 (partition coefficient).
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sorbitan monostearate were studied (Figure 2). From the 
figure, it can be noticed that there are a burst effect and an 
incomplete drug release. These two effects are depending on 
the concentration of sorbitan monostearate used. Increasing 
the granulating agent concentration led to decreasing the 
burst effect and the total drug release during the dissolution 
process. That is, maybe, due to the coating effect of sorbitan 
monostearate of the drug crystals and the insolubility of 
sorbitan monostearate in the dissolution media. These results 
are in agreement with the suggested granulation mechanism, 
which started by melting the granulating agent which covers 
the drug crystals. Increasing the concentration of the sorbitan 

monostearate leads to a good coating of the drug crystals, 
which leads to decreasing the burst effect and incomplete 
release. The explanation could be also confirmed by the high 
solubility of the drug in the dissolution media, which could 
be also noticed from the dissolution profile of the non- 
granulated pure drug crystals.

Differential Scanning Calorimetry (DSC)
Figure 3 shows a DSC thermogram of the pure metformin 
HCl and different granules prepared by using different con-
centrations of sorbitan monostearate (F2, F4, F14, and F16). 
From the figure, it can be noticed that the pure metformin 

Figure 2 In vitro release profiles of pure metformin HCl and from drug granules (n=3).

Figure 3 Differential scanning calorimetry (DSC) thermogram of the pure metformin HCl and (F2, F4, F14, and F16).
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HCl thermogram exhibits a clear endothermic transition 
stage with a maximum of 224.68 °C. This endothermic 
transition stage is attributed to the melting of the pure met-
formin HCl.32 A huge endothermic peak is also observed 
directly following the melting of the pure metformin HCl, 
which is due to the decomposition of the pure drug.44 More 
details about the thermal degradation of metformin HCl were 
also reported.45 Comparing the DSC scan of the drug in the 
prepared granules with that of pure drug, it can be concluded 
that there is no change in the drug crystallinity from the pure 
form as a result of the granulation process. Also, the DSC 
scan of (F2, F4, F14, and F16) showed an endothermic peak 
at around 60°C, which is increased by increasing the sorbitan 
monostearate concentration. This endothermic peak repre-
sents the melting point of sorbitan monostearate. These 
results are in agreement with the results of an electron 
scanning microscope of the same products, which reveals 
the coating of the drug crystal with the granulating agent.

Permeability Study (Modified Non-Everted 
Sac Technique)
The using “intestinal sacs” for assaying the permeability is 
a quick and sensitive technique for determining the overall 
intestinal integrity or comparative transport of a specific 
molecule, with the added benefit of intestinal site- 
specificity. The apparent permeability [Papp] or permea-
tion coefficient of a molecule through the intestinal barrier 
could be calculated.46

From Figure 4, can be noticed the effect of the addition 
of tween 80 to the drug on its permeation profile concern-
ing the initial, the rate, and the total drug permeated during 
the experimental time. This effect is increased markedly 
from drug granules. There is a slight increase in the initial 
drug permeated. At the same time, the rate and total 
amount of drug permeated are markedly increased after 1 
hr. The drug permeation profile is increased by using 20% 
sorbitan monostearate as a granulating agent than that of 
using 5%.

The permeability parameters of metformin HCl, met-
formin-tween 80, and selected metformin-sorbitan mono-
stearate granules across the non-everted sac were 
determined and the results are summarized in Table 8. 
From Table 8, it can be noticed that the values of R2, in 
each case, are high enough to consider the good fitting of 
the data. Also, in each case, there is no lag time and 
instead, there is a value for the intercept with y abscissa 
in concentration (Table 8). The absence of the lag time, 
which could be due to the high water solubility of the 
drug, may be responsible for the intercept values. The 
intercept value represents, in this case, the rapid saturation 
of the paracellular pathway tissues of the intestinal wall 
with the drug before drug transport. This result is sup-
ported by the fact that about 90% of metformin HCl is 
absorbed via the paracellular pathway.47–49 The addition of 
tween 80 to the drug led to an increase in all drug permea-
tion parameters. That is, maybe, due to the role of non-
ionic surfactants on enhancing metformin absorption via 

Figure 4 The permeability profiles of the pure drug and selected formulas (n=3).
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the paracellular pathway. Also, the significant saturable 
components of the paracellular pathway may be affected 
by the presence of tween 80 especially the saturable para-
cellular pathway mediated by electrostatic interactions 
between the opposite charges of diffused substances 
(drug and tween 80) and the anionic residues of the lateral 
space and/or tight junctions.47 Also, from the same table, it 
can be noticed that emulsification of the metformin–sorbi-
tan monostearate granules by tween 80 lead to markedly 
increasing the apparent permeability of the granulated 
drug than the drug alone or drug-tween.

The apparent permeability of the drug, drug-tween, and 
drug granulated with different concentrations with sorbitan 
monostearate is also presented in Figure 5. From the 
figure, it can be noticed that the permeation enhancement 
of the drug can be ordered as the following, from drug- 
granules ˃ drug-tween ˃ drug alone. Accordingly, it can be 
reported that granulation of the drug by sorbitan mono-
stearate and emulsification of the prepared granules lead to 
a permeation-enhancing effect of the drug. An increase in 
the drug permeability may lead to a decrease in the 

recommended drug dose and consequently its side effects, 
which represent a known problem specially by older 
patients.

Pharmacodynamic Evolution of the 
Metformin HCl Granules
Monitoring the pharmacodynamic marker parameters 
represents the evaluation of the in vivo performance of 
different classes of drugs. It measures the pharmacological 
effect of the drug, which is the reason for its admiration 
and/or application. Metformin HCl is an oral antidiabetic 
drug, which is used for decreasing blood glucose levels. 
Accordingly, measuring the blood glucose level after oral 
administration of the drug could be used as 
a pharmacodynamic marker parameter for evaluation of 
the in vivo performance of metformin HCl from the pre-
pared granules compared with the pure drug.

Before the drug administration, the blood glucose level 
was measured which represents the blood glucose level at 
zero time. Then, the drug was administered and the plasma 
glucose level was monitored as a function of time. The 

Table 8 Data of Metformin HCl Transferred Through Non-Everted Intestinal Sac (n=3)

R2 Intercept Papp (cm/s) ×10−5 Total Penetration %

Pure drug 0.992 6.140 47.6 21.8 ± 1.22
Drug + tween 80 0.996 10.115 67.0 36.5 ± 3.259

F4+ tween 80 0.994 7.312 119.6 45.5 ± 1.156

F16 + tween 80 0.991 10.583 122.1 59.1 ± 2.228

Abbreviations: R2, the coefficient of determination; Papp, the apparent permeability of metformin (M-to-S).

Figure 5 The apparent permeability of metformin (mucosal -to- serosal) from pure drug and selected formulas (n=3).
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blood glucose level would be expressed as dropping of the 
blood glucose level and the profile of dropping of the drug 

glucose concentration is plotted as a function of time 
(Figure 6A).

Figure 6 (A) Profiles of the change in glucose levels (mg/dl) versus time (SD error bar), (n=6). (B) Profiles of the change in glucose levels (mg/dl) versus time (SD error bar), (n=6).
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The dropping of the blood glucose levels profile 
showed a slight drop in the blood glucose level for the 
first one hour, which is in agreement with the results of the 
permeation profiles. A reduction in the blood glucose level 
with the onset of action starting at 15 minutes after oral 
drug administration could be noticed. This is due to the 
high solubility of the drug and its main absorption 
mechanism (paracellular pathway). Then, the rate and 
maximum amount of blood glucose dropping are markable 
and can be arranged as the following from F16 ˃ F4 ˃ 
Drug-tween ˃ Drug alone. Each point represents the mean 
of blood glucose level measurements at that time with 
standard deviation as shown in Figure 6B.

Also, from Figure (6A and B), the area above the 
curves was calculated, tabulated in Table 9, and used for 
comparison. From the table, it can be concluded that the 
addition of tween 80 to the drug improved its pharmaco-
dynamic effect by 20% (calculated by dividing the differ-
ence in the area above the curve between the drug-tween 
and drug alone). Emulsification of metformin HCl gran-
ules with tween 80 led to improving the pharmacodynamic 
effect of the drug by 43%, which represents an additional 
effect of the presence of sorbitan monostearate. Statistical 
analysis of the data (ANOVA test) revealed a significant 
enhancement of the pharmacodynamic effect of metformin 
HCl after oral administration with tween and from gran-
ules compared with the control (metformin HCl alone) at 
P ˂ 0.05.

The supremacy of the drug granules over the pure drug, 
concerning the onset of action and area above the curve, 
indicates that the granulation of the drug by sorbitan 

monostearate increase both the rate and extent of drug 
absorption. The increase in the rate of drug absorption 
compared to the pure drug suggests an enhancement of 
the drug permeation, which is proved by a modified non- 
everted sac test. Enhancement of the drug permeation led 
to the enhancement of the drug bioavailability, which will 
be reflected in the pharmacodynamics of the drug. This 
theoretical concept is now also approved by the in vivo 
test. This finding should lead to decreasing the drug 
recommended doses in case applying the suggested indus-
trial procedure and consequently decrease the drug side 
effects.

Metformin HCl is a class III drug that faces the permea-
tion problem. The bioavailability of metformin HCl is 40– 
60%. Modified Non-everted sac study showed improvement 
of the total drug permeation % from 21.86 ±0.222 in case of 
a pure drug to 45.48 ±1.156 and 59.124 ±0.228 from F4 and 
F16 respectively during 8 hrs. The dropping of blood glu-
cose level (pharmacodynamics) during the same time was 
improved to be 43% more than the pure drug.

Metformin is negligibly bound to plasma protein. It 
will be excreted unchanged in the urine and does not 
suffer hepatic metabolism.51 It is absorbed mainly via 
the paracellular pathway.50 Liquisolid system and 
SEDDS are reported to enhance dissolution and bioa-
vailability of lipophilic drugs like simvastatin and famo-
tidine with a good correlation between in vitro in vivo 
tests.48,49 In this study, granulation of metformin with 
sorbitan monostearate led to decreasing its solubility in 
water and increasing its partition coefficient (lipophili-
city). The drug permeability and pharmacodynamic 

Table 9 The Blood Glucose Level of Diabetic Rats After Drug Oral Administration

Time (hr) Reduction of Blood Glucose (mg/dl)

Drug Drug + Tween 80 F4 + Tween 80 F16 + Tween 80

0.25 9.75 (±57.8) 10.75 (±23.0) 11.5 (±24.3) 8.25 (±8.0)

0.5 16.75 (±42.1) 18.25 (±5.7) 20 (±49.0) 24 (±6.3)
1 13 (±37.4) 10.25 (±20.1) 7.75 (±11.5) 19.5 (±9.1)

2 28.25 (±20.0) 49.25 (±35.0) 69.75 (±54.6) 62.25 (±16.9)

3 25.25 (±12.5) 38.25 (±14.2) 51.25 (±24.9) 72.75 (±37.2)
4 16.25 (±9.0) 13 (±21.1) 10 (±37.9) 13.75 (±2.2)

5 No Change 26.5 (±46.2) 25 (±63.1) No Change

6 19.5 (±16.0) 13.25 (±33.0) 8.25 (±26.5) No Change
7 6 (±6.4) 10.5 (±17.7) 12.25 (±16.6) 7.25 (±13.2)

8 13.75 (±31.1) 10 (±16.2) 19.25 (±41.1) 16.25 (±9.2)

AAC (mg.hr/dl) 882.63 (±231.4) 1067.75 (±115.9) 1255.63 (±109.4) 1263.34 (±153.2)

Note: Values expressed as mean, ± standard error of mean, n=6. 
Abbreviation: AAC, area above the curve.
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effects are more enhanced from the drug granules pre-
pared by using sorbitan monostearate as a granulating 
agent. That is due to the paracellular pathway 
permeation enhancement of the drug by sorbitan mono-
stearate, which improves consequently the drug pharma-
codynamic effect. Accordingly, it can be reported that 
granulation of metformin HCl with sorbitan monostea-
rate using melt congeal technique, suggested by the 
authors, led to dual effects of the food used surfactant 
on the drug: first; an excellent improvement of the drug 
micromeritic properties, which represented in a lot of 
trials of the literature to solve the first industrial pro-
blem facing the drug formulation, second; the using of 
sorbitan monostearate as a granulating agent enhanced 
its permeability and consequently, its bioavailability. 
This, maybe, lead to studying the pharmacokinetics, 
decreasing the recommended drug doses, and certainly, 
the drug side effects.

Drug Permeation–Pharmacodynamics 
Correlation
The term correlation is often used in the pharmaceutical 
and related sciences to designate the relationship that 
exists between variables. From the mathematic view, the 

term correlation means interdependence between quantita-
tive or qualitative data or relationship between measurable 
variables and ranks.

FDA defined IVIVC as “a predictive mathematical 
model describing the relationship between an in vitro 
property of a dosage form and a relevant in vivo 
response”. In general, the in vitro characteristic is the 
rate or extent of drug dissolution or release. However, 
the in vivo response is the plasma drug concentration or 
amount of drug absorbed.52,53 FDA regulation described 4 
levels for IVIVC which are A, B, C, and multiple C.54 

Level A correlates the entire in vitro and in vivo profiles. It 
represents a point-to-point relationship between in vitro 
dissolution rate and the in vivo input rate of the drug 
from the dosage form.46 Accordingly, it is the highest 
category of correlation.

In this study, we tried to correlate data of the drug 
permeation profile from rabbit intestinal sac and the phar-
macodynamic response of the drug on the diabetic male 
rats (Figure 7 and Table 10). From the figure, it can be 
noticed that the drug permeation profile from the rabbit 
intestinal sac is nearly the opposite superimposed to the 
pharmacodynamic profile of the drug in male rats. That is, 
maybe, due to the correlation is between the drug permea-
tion percentage and the pharmacodynamic effect. The 

Figure 7 Point to point (level A) correlation of the drug permeation profiles and its pharmacodynamic effect: (A) Metformin HCl, (B) Metformin HCl plus tween 80, (C) 
Formula F4, (D) Formula F16.
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pharmacodynamic effect is the dropping of the blood 
glucose level %. At each time, increasing the drug 
permeation percent led to a drop in blood glucose 
level percent. Since Level A correlation is a linear rela-
tionship between two variables, it was tried to create 
a mathematics line correlation between the drug 
permeation percent and its pharmacodynamic effect (drop-
ping of glucose level) as a point-to-point correlation. The 
results are summarized in (Table 10). From the table, it can 
be noticed the value of R2 is high enough to conclude the 
presence of an excellent correlation between the variables. 
The values of intercepts are nearly equal and nearly closed 
to 100%. The rate of correlation values (slope) increased 
by increasing the amount of sorbitan monostearate in the 
granules, which is in agreement with permeation enhance-
ment of the drug by sorbitan monostearate. These results 
may be suggesting the use of the modified non-everted sac, 
suggested by the authors, as a technique to predict the drug 
permeation process in vitro. The intestinal non-everted sac 
should be suspended in the shaft of the dissolution appa-
ratus to avoid the stagnant diffusion layer. Stirring of the 
dissolution media by stirring the apparatus shaft represents 
the circular movement of the blood.26

Conclusion
From this study, it could be concluded that the use of 
sorbitan monostearate, which is normally used in the food 
industry, as a granulating agent led to the formation of free- 
flowing, good compressible, and narrow particle size gran-
ules. These physical characteristics are very essential for 
packaging, transport, and tablet press in the pharmaceutical 
industry. Also, it was found that the use of sorbitan mono-
stearate led to improving the permeation of the model drug 
for class III. The suspension of the non-everted sac at the 
shaft of the dissolution apparatus prevents the formation of 
the stagnant diffusion layer. This may lead to an excellent 
correlation between the results of drug permeation from the 
modified non-everted sac and the dropping of the blood 

glucose level (improving the pharmacodynamic response 
of the drug). Accordingly, it can be reported that granulation 
of metformin HCl with sorbitan monostearate using melt 
congeal technique, suggested by the authors, led to dual 
effects of the food used surfactant on the drug: first; an 
excellent improvement of the drug micromeritic properties, 
which represented in many trials of the literature to solve the 
first industrial problem facing the drug formulation, second; 
the using of sorbitan monostearate as a granulating agent 
enhanced its permeability and consequently, its bioavailabil-
ity. This, maybe, lead to, after studying the pharmacoki-
netics, decreasing the recommended drug doses and 
certainly, the drug side effects. Therefore, it is strongly 
recommended to apply the same technique with the same 
procedure to solve the permeation problem of class III drugs 
especially, since the granulation process is easy, reproduci-
ble, cheap, and applicable in the pharmaceutical industry.
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