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KEYWORDS Abstract The incorporation of morphine (MOR) into the nanoparticle structure is a viable alter-
Enzyme; native to traditional enzyme usage. It has good biological potential to separate MOR from real
Dendrimer; urine samples. In this study, a new method of MOR identification in real urine samples was synthe-
Morphine; sized using the B-glucuronidase-dendrimer poly amidoamine (PAMAM) enzyme hybrid system.

Urine samples; Replacing MOR in dendrimer cavities significantly reduces enzyme consumption. The replacement
Trap technique is done in dendrimer cavities in two stages as an alternative to B-glucuronidase enzyme
and even MOR. In this paper, firstly, PAMAM dendrimer G2 was synthesized based on silica.
The B-glucuronidase enzyme was replaced inside its dendrimer cavities and the compound was
released into a real urine sample containing MOR. The enzyme was extracted from dendrimer cav-
ities. The MOR- B-glucuronidase enzyme bond broke. In the next stage of the process, free MOR
entered the PAMAM dendrimer G2 cavities. MOR was detected in real urine samples.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Polymers have certain advantages in terms of flexibility, high
strength-to-weight ratio, availability, recyclability, and biome-
dicine (Dadashi and Esmaeili, 2021; Fereidouni Velasejerdi
et al., 2021; Sohail et al., 2020). Dendrimer as a macromolecule
which is characterized as having a branched three-dimensional
structure, has adaptability and good surface performance fea-
tures. The spherical structure of dendrimers, branching, and
high molecular weight clearly make these desirable and unique
nanocarriers ideal for medical applications such as tumor ther-
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apy, drug delivery, and gene transfer (Abdelghany et al., 2019;
Baldissera et al., 2019; de Melo et al., 2019; Madhu et al., 2019;
Subramanian et al., 2017). Dendrimer is a highly branched
polymer with a monomeric unit, single-dispersed tree-like
structure with molecular weights (Igbal et al., 2019;
Manikandan et al., 2018). PAMAM dendrimer, which is
three-dimensional and branched, represents a new model of
the functional group. The presence of high densities of oxygen
and nitrogen enables the PAMAM dendrimer to bind to mor-
phine (Cheng et al., 2019; Zhou et al., 2020). Dendrimers con-
stitute a new class of polymers with branches that all originate
from a single ring. Today, with the help of innovative drug
delivery systems, including nano-carriers like nanocapsules,
micelles, mesoporous nanoparticles, dendrimers, etc. (Serafin
et al., 2021), diabetics’ insulin levels are kept constant at a cer-
tain level (Karacolak et al., 2021; Zou and He, 2021). MCM-41
is the most efficient member of Mesoporous materials and is
given the generic name M41S (de Souza Magossi et al., 2021;
Hormozi and Esmaeili, 2019).

We used the features of this material such as high specific
surface area, surface suitable for functionalization with various
functional groups and large voids (Siva et al., 2021), to load
insulin into this structure. Esmacili and Mousavi (Esmaeili
and Mousavi, 2017) reported that the special behaviors of den-
drimers have enabled them to be widely employed in biomedi-
cine and other industries. MOR is a very powerful opioid and
the most effective compound obtained from opium. The pro-
cess of converting MOR to its metabolite state occurs in the
liver, and this is known as the glucuronidation process
(Gharibzahedi et al., 2012). Urine samples taken for drug test-
ing include glucuronide and other opioids. To check for drug-
assisted high-performance liquid chromatography (HPLC)
with chromatography/mass spectroscopy (GC/MS), the
glucuronide-drug bond must first be broken (Kececiler-Emir
et al., 2021).

There are several ways to hydrolyze glucuronides. One is
to utilize beta-glucuronidase enzyme. Oliveira et al
(Oliveira et al., 2021) reported a dendrimer system with a
plant composition for trapping glucose encapsulated in silica
nanoparticles. The results reveal that electrostatic changes in
the silica-containing complex, including enzymes and den-
drimers, cause a wide range of chemical and biological alter-
ations. Song et al. (Song et al., 2014) examined the
immobility of the enzyme B-glucuronidase-enzyme with the
help of the enzyme lysozyme in the nanoparticles’ structure.
They explained a new method for identifying MOR in a urine
sample employing enzyme released from inside nanoparticle
cavities. Polyamide bioamine binder and then enzyme
replacement with MOR are provided within the nanoparticle
cavities. Sologubov et al. (Sologubov et al., 2021) investigated
protocols of analysis for a thermotical study of clenbuterol
using the liquid chromatography method. The end product
proved to be highly efficient and these authors concluded that
the method was very advantageous. Amand and Esmaeili
(Amand and Esmaeili, 2020) examined silica mesoporous
for bone therapy as one aspect of cancer therapy. Nanopar-
ticles were prepared for subsequent use on resistant cancers.
In this study, the release conditions of the enzyme and
method of trapping MOR in the nanoparticle structure were
analyzed. MOR trapping was determined by measuring with
ultraviolet—visible (UV-vis) spectroscopy (Varian Cary 100
Bio UV-vis, USA) absorption.

2. Materials and methods

2.1. Materials

TEOS and ethylene diamine were purchased from Merck Co.,
while B-glucosidase enzyme and lysozyme enzyme were
sourced from Sigma Co. Other solvents such as methanol,
deionized water, etc., were all provided by Merck Co.

2.2. Synthesis of PAMAM G2

2.2.1. Synthesis of PAMAM dendrimer G0.5

For the preparation of PAMAM GO0.5, 7.37mL of 3-
amniopropyl triethoxy silane (APTES) and 100 mL of metha-
nol were poured into a double-walled balloon and placed
under N, atmosphere. The sample was stirred and then
11.7 mL of methyl acrylate was added dropwise to the sample
and stirred for 30 min. The solution was evaporated on a
rotary shaker. At the end of this process a yellow viscous solu-
tion was obtained (Rajabi and Esmaeili, 2020).

2.2.2. Preparation of PAMAM dendrimer G1

85mL of ethylene diamine and 100 mL of methanol were
added into a double-walled balloon and placed under N,
atmosphere. 10 g of dendrimer GO0.5 cell and 20 mL of metha-
nol were added drop-by-drop for 30 min. The stirring process
was continued for 72 h and then the solvent was evaporated
with a rotary evaporator. Finally, a yellow viscous solution
was produced.

2.2.3. Preparation of PAMAM dendrimer G1.5

13.5mL of methyl acrylate and 20 mL of methanol were
poured into a double-walled balloon and placed under N,
atmosphere. This was added to a mixture of 8 g of dendrimers
G1. 20 mL of methanol was added drop-by-drop for 30 min
and the stirring continued for 72 h. The solvent was evapo-
rated using a rotary evaporator and eventually, a yellow vis-
cous solution was obtained.

2.2.4. Preparation of PAMAM dendrimer G2

32.5mL of ethylene diamine and 50 mL of methanol were
poured into a double-walled balloon and placed under N,
atmosphere. A mixture of 3 g of dendrimer G1.5 and 10 mL
of methanol was added drop-by-drop for 30 min and the stir-
ring lasted for 96 h. The solvent was then evaporated with a
rotary evaporator until a yellow viscous solution was obtained.
The dendrimer G 0.5 and G1.5 were purified by silica gel col-
umn chromatography and G1 and G2 but did not require
purification.

2.3. Replacement of f-glucuronidase in PAMAM dendrimer G2
with lysozyme enzyme

1 mL of Tris buffer (30 mmol L™, pH = 7) was added to the
10 mg of lysozyme and 0.8 mg of B-glucuronidase. In this case,
the concentration of lysozyme amounted to 10 mg mL™! and
the concentration of B-glucosidase was 0.8 mgmL~'. Adding
lysozyme improved the functioning of the PB-glucuronidase
enzyme, but adding p-glucuronidase enzyme caused the
MOR- B-glucuronidase enzyme bond to weaken (Song et al.,
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2014). To the above solution was added 2.5 mg of PAMAM
dendrimer G2, which was synthesized in the previous stages,
so that the concentration of dendrimer was 20 x 1073, Follow-
ing this, 7mL of a pre-hydrolyzed solution of TEOS (diluted
40 times with deionized water) was added to this solution.
Then it was incubated at room temperature for 24 h to obtain
a white precipitate, and subsequently the solution was cen-
trifuged at 3000 rpm for 5 min. The resulting precipitate was
filtered off with a vacuum pump and washed three times with
deionized water. Following this it was dried at room
temperature.

2.4. Preparation of Tris for enzymatic environment

This phase was marked by dissolving 0.36 g of Tris salt in
50 mL of deionized water and the pH was adjusted to 7 with
HCI (1 M). Then the solution was diluted to 100 mL.

2.5. Preparing a urine sample containing MOR

A urine sample was taken from a 38-year-old man with a history
of daily consumption of opium syrup (1% opium or opium
syrup, an herbal mixture derived from morphine and soluble
in water and alcohol). This syrup is sold by the Faran Shimi
Pharmaceutical Company and this substance has a concentra-
tion of 10 mg in a 250 mL bottle. It is used daily to reduce drug
dependence and the prescribed dosage is 0.6 mL or 1 mL four
times a day. The presence of MOR in this sample was confirmed
by Thin layer chromatography (TLC). After examining the
MOR urine strip, the urine sample was acid hydrolyzed and then
extracted by the liquid-liquid extraction (LLE) method with the
help of CHCI; solvent: isopropanol (4: 1). After drying the
organic phase with the help of a water bath, TLC was placed
on a MN brand glass plate next to the opium standard and then
the plate was washed with aqueous solvent. It was dried with the
help of an acid iodoplatinate solution, spray plate and in this
way the presence of morphine was confirmed. The urine sample
was stored in a refrigerator at —4 °C until required for testing.
For the experiment, a morphine-containing urine sample was
diluted one thousand times with deionized water and the UV—
vis uptake of free morphine was observed at 210 nm.

2.6. Release of S-glucuronidase enzyme from PAMAM
dendrimer G2 to break the MOR - glucuronidase bond in a real
urine sample

2 mL diluted urine sample was added to the 2 mg of enzyme
trapped in dendrimer PAMAM dendrimer G2 generation.
After dissolving, the sample was incubated for 24 h at 37 °C.
UV-vis absorption of free MOR was observed at 210 nm.

2.7. Replacement of p-glucuronidase enzyme in the structure of

PAMAM dendrimer G2

To the Tris buffer (1 mL) the following were added: HCI (pH
7, 30mM L"), lysosomes enzyme (10 mg) and 0.8 mg PB-
glucuronidase enzyme. After that, 7 mL of pre-hydrolyzed
TEOS solution (40 times diluted with distilled water) was
added. The mixture was incubated at room temperature until
a white precipitate was formed. From the start of the reaction

and for 4 h afterwards, a sample was taken from the reaction
vessel every hour with a sampler. 100 uL. of the sample was
diluted 1:1 with Bradford solution and its absorbance was
recorded at 595 nm.

2.8. Replacement of MOR in the structure of PAMAM
dendrimer G2

Urine samples contained free MOR in PAMAM dendrimer
G2. MOR was placed in dendrimer cavities at room tempera-
ture. Every 2 h, a sample was taken from the solution in the
container with a sampler and its absorption was measured at
210 nm. Schematic 1 illustrates the preparation of PAMAM
dendrimer for trapping MOR by enzyme.

2.9. Release of p-glucuronidase enzyme in the structure of
PAMAM dendrimer G2

This study was conducted on a real urine sample containing
MOR diluted with distilled water at a ratio of 1/1000. 2 mL
of the sample and 2 mg of B-glucuronidase enzyme in the struc-
ture of PAMAM dendrimer G2 were added. Due to the com-
plex and crowded matrix of urine, MOR peaks are not visible
in real urine samples (UV—vis spectra). MOR absorption was
observed when the urine was diluted 1/1000. There was no
MOR in the water sample and therefore no absorption was
evident. The measurement was done using a spectrophotome-
ter with very high detection power, which was calibrated
before it was put into operation. It has the advantage of being
able to read low absorption values. The sample was incubated
at 37 °C. From 0 to 4 h after the reaction every hour, a sample
was taken from the reaction vessel with a sampler. 100 pL of
the sample was diluted to a ratio of 1:1 with Bradford solution
and its absorbance was recorded at 595 nm. This study was
conducted on the urine sample of a 38-year-old man with a
long history of heroin use but no history of any underlying dis-
ease. This person did have a history of quitting and restarting
heroin use several times, and has for one month been using
opium syrup. The daily dose is 2.5 mL.

3. Results and discussion

Establishing the exact amount of MOR in the urine sample is a
task for the forensic laboratory. The limit of detection-free
MOR urinary strips is 300 ngmL~!. Hawks and Chiang
explained that in the urine sample, part of the morphine takes
the form of p-glucuronidase MOR. Breaking the f-
glucuronidase-MOR bond increases the concentration of free
MOR, and as a result, smaller amounts of morphine can be
detected and tracked. In this paper, after directing the f-
glucuronidase enzyme into the pores of PAMAM dendrimer
G2, this set was released inside a real urine sample containing
B-glucuronidase-MOR and free MOR. The enzyme is released
from the dendrimer cavities, the B-glucuronidase-MOR bond
is broken, and finally the morphine is released. It is replaced
inside the dendrimer cavities. Scheme 2 show general procedure
of synthesis of dendrimer for trapping MOR by B-
glucuronidase. Confirmation of the release and replacement of
MOR was done using spectroscopy (Masoumi and Esmaeili,
2020).
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3.1. Bradford’s method for determining the amount of protein in
a solution

Tris buffer is commonly used to extract proteins (Serafin et al.,
2021). However, even a 0.1% sample has a significant effect on
UV-vis absorbance compared to control samples (Rae and
Jachimska, 2021). In this study, we demonstrated a new
method for identifying morphine in urine samples using a
nanoparticle-dendrimer-enzyme hybrid system for urine drop
applications. Quantitative measurement of total protein value
is of great importance in basic sciences and clinical research.
Bradford’s protein measurement is a colorimetric method,
one which is used to measure the concentration of protein in
solution. Bradford’s law has an index for the values obtained
by the variables. Important features are related to size and fre-
quency and one recent approach chosen described the shape of
Bradford-type curves (Rae and Jachimska, 2021). The Brad-
ford assay is predominantly used in measuring clinical samples
(Rae and Jachimska, 2021). Bradford’s approach is based on
the formation of a complex between the G-250 blue and pro-
teins in the solution. During this phase there is a shift in max-
imum absorption from 465 nm to 595 nm. The formation of a
complex between color and protein in an acidic solution leads
to a change in color from red to blue.

Fig. 1A depicts the UV—vis of the standard of MOR and
the urine containing free MOR. Fig. 1 depicts a decrease as

Schematic of synthesis of PAMAM dendrimer for trapping MOR by enzyme.

B
<
I I I I I I I I 1 I
200 220 240 260 280 300 320 340 360 380
Wavelength
Fig. 1 UV-vis of (A) standard of MOR; (B) Urine containing

free MOR; (C) Urine with B-glucuronidase enzyme trapped in
PAMAM dendrimer G2 (incubated for 24 hr at 37 °C); (D) Urine
consisting of B-glucuronidase enzyme trapped in PAMAM den-
drimer G2 (incubated for 24 hr at 24 °C); (E) Urine that contains
B-glucuronidase enzyme trapped in PAMAM dendrimer G2
(incubated for 48 hr at 37 °C).

shown in the UV-vis absorption diagram. UV-vis of
Fig. 1A-E shows the standard of MOR, urine containing free

q PAMAM dendrimer G2 + f-
PAMAM dendrimer G2 TR AT
) (white powder)

=

glucuronidasc ¢nzyme

PAMAM dendrimer G2+ B-
+ dilated urine

B-glucuronidase enzyme

IAnalysis of spectroscopy I G I

Urine sample
containing MOR

Breaking f-glucuronidase-
MOR bond

| <=

I Bradford's assay I

Scheme 2 General procedure of synthesis of dendrimer for trapping MOR by B-glucuronidase.
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MOR, urine with B-glucuronidase enzyme trapped in
PAMAM dendrimer G2 (incubated for 24 h at 37 °C), urine
consisting of B-glucuronidase enzyme trapped in PAMAM
dendrimer G2 (incubated for 24 h at 24 °C), and urine that
contains B-glucuronidase enzyme trapped in PAMAM den-
drimer G2 (incubated for 48 h at 37 °C). Fig. 1B-E highlights
a reduction in the UV-vis absorption, which suggests the
replacement of MOR by the B-glucuronidase enzyme in the
dendrimer cavities. Similar UV—vis spectra show that changes
are observed for all the other systems. The peak of MOR at
210 nm remains unaltered while the reaction MOR with B-
glucuronidase enzyme causes absorption intensity to decline
at 210 nm, while a new peak at 220 nm appears (Fig. IC-E).
This peak is attributed to replacement of MOR by the B-
glucuronidase enzyme (Esmaeili and Mousavi, 2017). In the
250 nm region, the connection between the donor groups
and MOR reduces the peak. So over a long period of time this
connection improves and the peak of this area is lost.

The measured absorption rate at 595 nm is proportional to
the concentration of protein in the solution. The absorption
rate in Bradford measurement varies depending on the individ-
ual reading to another. Bradford’s method served to determine
the amount of protein in the sample. As the standard concen-
tration increases, the amount of absorbed by the microliter
also increases at the same time.

The limit of detection (LOD) and the limit of quantification
(LOQ) were calculated using Eqgs. (1) and (2) which are written
below:

LOD = yz+3sp (1)
LOQ = y,+ 10sp (2)

Herein yg and sg denote the blank signal and standard devi-
ations of the blank signal, respectively (Miller and Miller,
2018).

The LOD and LOQ values obtained were 0.027 and
0.073 mg mL ™!, respectively.

The BSA calibration curve is shown in Table 1 (A-C) based
on Table 2 data. The data are fed by linear regression whose
line equation is y = 0.0277x + 0.056 and the value of R? for
the data is 0.8194. Y is equal to adsorption and x is the amount
of protein in mg mL~!. From this equation and in a particular
adsorption, the amount of protein can be calculated. The
absorption values were recorded at 595 nm by spectrophotome-
ter, and these values were, respectively, 0.059, 0.070, 0.065,
0.084, 0.089 and 0.09 pg mL~'. The values of protein concen-
tration calculated using the curve line equation and the place-
ment of these values instead of y were 0.108, 0.505, 0.394,
1.0108, 1.191 and 1.227 mg mL~", respectively. Table 2 and
Fig. 1 indicate that the average protein concentration employ-
ing this data amounts to 0.739 pg mL~". Fig. 1 for MOR shows
a maximum absorption of 289.0 nm (Amand and Esmaeili,
2020). The loaded nanoparticle has three peaks at 474, 333
and 235 nm (Esmacili and Ghobadianpour, 2016). My own
work makes a comparison to the source material.

3.2. Investigation of urinary pH and MOR concentration as a
replacement of dendrimer cavities using SPSS analysis

Statistical analysis utilizing SPSS software was applied to
determine the concentration of MOR and urine pH and their

effects on the replacement of B-glucuronidase enzyme from
PAMAM dendrimer cavities. The output data for the pH were
obtained at 24 h according to MOR uptake and concentra-
tion. Zero assumption here is that pH changes in terms of
adsorption affecting the MOR concentration. The dependent
variable changes have been explained by the independent
variables.

Table 3 shows the pH and concentration of MOR as estab-
lished by ANOVA variance statistical analysis. The high F-
value (2.423) in ANOVA data indicates that the deviation
from the mean data occurred unexpectedly. In addition, the
high value of the degree of significance (Sig.) actually reveals
the value of p for the data. pH did change in terms of adsorp-
tion but does not have a significant effect on MOR concentra-
tion (rejection of the null hypothesis. High values of t are
confirmed numerically in Table 4. The low standardized error
rate confirms the accuracy of the data obtained. The hypothe-
sis (null Hypothesis) for these calculations is that the MOR
concentration does not diminish within 24 h. The value of
the R was obtained 0.913 while the adjusted R* value was
0.899 for these data. The values obtained confirm that the
regression line was able to describe the data at 91.3%. The
standard error value of 0.05885 is a good indication of the
accuracy of the data that was generated. ANOVA data are
summarized in Table 3. A high value of F = 52.419 represents
that deviation from average data occurred unexpectedly. Data
is more varied than average and furthermore a very small value
of less than 0.05 for the degree of significance (Sig.) is the p-
value for the data. It rejects the zero hypothesis so the existing
model is reliable with 0.95% confidence and can describe the
data. The coefficients (Table 4) confirm this fact with high val-
ues of t and a low level of importance. The low standardized
error rate (Std. Error) confirms the accuracy of the data
obtained. Unlike a previous study conducted in a pH environ-
ment, this present one comprised 3 environments and the
results were different (Sakr et al., 2011).

3.3. Fourier transform-infrared spectroscopy (FT-IR) spectra
investigation of in PAMAM dendrimer G2

Michael addition is in organic chemistry one of the most
widely used reactions to carbon-nitrogen bonding. Complete
generations of PAMAM dendrimer G2 contain large amounts
of amine 1° in the surface and amine 2° in the nucleus. The
presence of these potent nucleophilic amines in the dendrimer
can react with o-f unsaturated acrylate groups. Dendrimers
can accurately control the size, shape, and placement of groups
and they are suitable for many life sciences applications.
Esmaeili and Mousavi (Esmaeili and Mousavi, 2017) have
employed dendrimers to make the oral drug insulin, which is
a silica nanoparticle coated with polymer amino acid den-
drimer and replaced by chitosan medicine inside its cavities.
FT-IR (Thermo Scientific Nicolet 8700, USA) data were con-
sistent with the figures presented in this article. Fig. 2 and the
spectrum of the FT-IR illustrate the depleted PAMAM den-
drimer G2 of the synthesized. FT-IR spectra regarding
PAMAM (Fig. 2A-a) dendrimer GO0.5 (Fig. 2A-b), dendrimer
Gl (Fig. 2A-c), dendrimer G1.5 (Fig. 2A-d) and dendrimer
G2 are shown. As can be seen in Fig. 2A, the absorption at
1580 cm™! is related to C=0 (Esmaeili and Khodaei, 2018;
Khodaei and Esmaeili, 2019).
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Table 1 (A) Variable used in the area to design a factorial test; (B) Experimental design and result of sample design; (C) ANOVA for
response surface quadratic model for experimental variable.

A(factor/Level) o- -1 0 +1 +a
Enzyme(mg) X; 0.1 0.3 0.6 0.8 1.0
MOR concentration (ng Kg=') X, 100 200 300 400 600
Time(hr) Xj; 0 12 24 36

Temperature (°C) X4 25 28 31 34 37

pH X5 4 5 6 7 8
B(Std) Sum of Squares df Mean Square F-Value P-Value
X 0.0094 1 0.0094 6.960 0.0132
X, 0.0267 1 0.0267 19.88 0.0001
X3 0.0215 1 0.0215 15.96 0.0004
X4 0.0016 1 0.0016 1.16 0.2913
X5 0.0016 1 0.0016 1.22 0.2791
Xi X, 0.0087 1 0.0087 6.49 0.0164
Xi1X3 0.0101 1 0.0101 7.50 0.0104
XXy 0.0017 1 0.0017 1.25 0.2729
Xi1Xs 0.0017 1 0.0017 1.23 0.2770
X, X3 0.0189 1 0.0189 14.08 0.0008
XoXy 0.0011 1 0.0011 0.8374 0.3677
XX 0.0011 1 0.0011 0.8551 0.3627
X3X4 0.0018 1 0.0018 1.31 0.2610
XX 0.0017 1 0.0017 1.25 0.2729
X4Xs 0.0012 1 0.0012 0.8911 0.3530
X3 0.0139 1 0.0139 10.32 0.0032
X3 0.0001 1 0.0001 0.1061 0.7469
X3 0.0263 1 0.0263 19.55 0.0001
X3 0.0010 1 0.0010 0.7429 0.3958
X2 0.0010 1 0.0010 0.7429 0.3958
C Source

Residual 0.0390 29 0.0013

Lack of Fit 0.0390 22 0.0018

Pure Error 0.0000 7 0.0000

R? 0.8328

Adj-R? 0.7175

Pred-R? 0.7735

The absorption peak at 1610 cm ™' in the FT-IR spectra of
Gy s and G, shows ester terminated PAMAM dendrimers
affirm the presence of —CO,CHj; groups. The absorption at
550 and 7500 cm~! are assigned to the Si—O and O—Si—O
vibration in the silica network, respectively. The observed
peaks at 1100-1250 cm ™! show that Si—O—Si create the dom-
inant peak. Stretching absorption for OH confirms the exis-
tence of the silanol and silanol water groups > 3000 cm ™'
(Fig. 2A-a). Vibrations related to the OH group of water
and silanol were observed at 3300 cm™'. Si—O absorption is

Table 2 The values of protein in different concentration.

in the 900 cm ~' range (Esmaeili and Mousavi, 2017). The
absorption at 630 cm™! is related to CH, and CH; bending
vibration. The peak of 1220-1345cm™" is attributed to the
C—N stretching vibration (Fig. 2A-b) while the bending of
CH, (vibration sweep) is related to 656 cm~'. C—N bonding
is in the area of 1020cm™'. The peaks at 1200 and
1230 cm ™! represent the stretching vibration of C—O (Fig. 2-
A-c). The bending vibration at 1442 cm™' is linked to NH
bending and the peak at 1545cm™' shows the C—O. The
amide at 1600 cm ™' is related to C=O stretching vibration

Concentration of protein (ul mL™") Absorption in 595 nm

No. Standard volume (pL) Dissimilation water volume (mL)
1 2 998
2 4 996
3 6 994
4 8 992
5 10 990
6 14 986

2 0.059
4 0.070
6 0.065
8 0.084
10 0.089
14 0.090
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Table 3 pH (1) and concentration (2) of MOR: ANOVA" variance statistical analysis.
Sum of squares df Mean square F Sig.*
1 2 1 1 2 1 2 1 2
Regression 0.000 0.182 1 0.000 0.182 2.423 52.419 0.01° 0.217
Residual 0.000 0.017 3 0.000 0.003
Total 0.000 0.199 4 9

# Predictors: (Constant), pH;
° Dependent variable: absorbed;
¢ Predictors: (Constant), MOR.

of ester in the region of 1610 cm™"' and has a strong absorption
(Esmaeili and Rafiee, 2015) (Fig. 2A-d). Zhang et al. (Zhang
et al., 2019) reported the absorption peak at 1655 cm™' for
the amide group.

The recent peak confirmed the existence of the amide group
and what the literature says about it. Other factor groups were
consistent with the factor groups reported in this paper. The
peak that appears at 720 cm ™' is related to CH, bending vibra-
tion sweep; the band in the range 10001350 cm ™' is linked to
C—N stretching vibration. The strip of C—O stretching vibra-
tion can be seen in the 1000-1300 cm™' range. Also evident
were the swing bending vibration of warped CH, band at
1257 cm™!, the CH, scissors vibration at 1400 cm™!, and
C=O0 stretching vibration of the ester group with a strong
peak at 1735 cm ™. Moreover, symmetrical and asymmetrical
CH, stretching vibration peak can be seen at 2831 and 2954.
These peaks are characteristic of the half generation polyamide
amine (Esmaeili and Khoshnevisan, 2016). The absorption at
1330 cm ! is related to the third type of amine. The absorp-
tions at 3363 and 3281 cm™' correspond to NH, while the
peaks at 1200 and 1161 cm™" are related to the vibration of
the first and third types of amine traction, respectively.

3.4. Scanning electron microscopy (SEM)

Establishing the morphology and size of nanoparticles con-
taining PB-glucuronidase enzyme from PAMAM dendrimer
G2 was studied using SEM (model TESCAN, VEGA/XMU,
Czech Republic). A drop of dendrimer-containing solution
containing the synthesized enzyme was placed on a laboratory
slide and dried. In vacuum conditions, the slide was coated
with a layer of gold for further clarity and surface electron
excretion and analyzed at a voltage of 20 kV. Fig. 2B shows
the morphology of the SEM for B-glucuronidase enzyme

trapped in PAMAM dendrimer G2. Miller et al. (Miller
et al., 2006) explained that the amount of silica particles is
directly related to the amount of enzyme. The results of this
study show that the electrostatics of an enzyme silica complex
and dendrimer have a wide range of chemical and biological
activities to composite materials. Esmaeili and Khodaei
(Esmaecili and Khodaei, 2018) investigated enzyme targeted
magnetism for rifampin simultaneously. They showed that
nanoparticles increased the amount of enzymes in the drug.

According to the histological study, drug injection can
reduce damage done to the liver. Most NPs with a spherical
morphology were dispersed on porous surfaces which is a ben-
efit of higher absorption. The average nanoparticle size of
MCM-41 for single dispersed particles is < 100 nm. According
to SEM information, the nanoparticles were spherical in shape
but their surfaces were porous due to the presence of PAMAM
dendrimer. In a study done on PAMAM dendrimers, the sur-
face contained SEM micrograph enclosures within the struc-
ture of the PAMAM dendrimer (Cavalcanti et al., 2011).
This supported our findings. Amand and Esmaeili (Amand
and Esmaeili, 2020) analyzed the properties of NPs made from
hybrid polymer containing anticoagulants. The morphology
(average size of the spheres created) shows that the NCs pro-
duced were between 136 and 183 nm in diameter, the average
being 176 nm. A comparison of current results with other
research demonstrates that a plant extract is added to the
NPs system and is not used in particles to recreate the force.
Nugraheni et al. (2016) investigated PVA/CS/TiO, NPs using
the electrospinning method with a diameter of 112 nm.

3.5. Bradford protein assay

Protein quality was improved by adding 200 pL from
Nadaford solution (1:4 diluted with ionized water) to 20 pL

Table 4 pH (1) and concentration (2) of MOR: ANOVA variance statistical analysis for unstandardized and standardized

coefficients.
Model Unstandardized coefficients Standardized coefficients t Sig.

B Std. Error Beta

1 2 1 2 1 2 1 2 1 2
Constant 0.58 0.240 0.015 0.029 3.881 8.342 0.030 0.000
pH —0.004 1.072 0.002 0.148 —0.668 0.955 —1.557 7.240 0.217 0.001
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Fig.2 (A) FT-IR spectrum of PAMAM (a) dendrimer GO0.5; (b)
dendrimer G1; (¢) dendrimer G1.5; (d) dendrimer G2; (B) SEM for
B-glucuronidase enzyme trapped in PAMAM dendrimer G2.

of dendrimer polyamide amine sample, which added to
B-glucuronidase enzyme. The sample was subjected to room
temperature for 10 min. The standard curve for different
enzyme concentrations existed in the 0.2-1 pgmL™! range.
Enzymatic activity was initially observed in the prepared solu-
tion while the solution obtained from washing the dendrimer
containing the enzyme was not observed. After the reaction
lasting 24h at 37°C, the enzyme concentration of
0.0626 pg mL~! was measured (Amand and Esmaeili, 2020).

3.6. Investigation of MOR replacement in PAMAM dendrimer
G2

After diluting the actual urine sample by i with ionized
water, the UV-vis of the MOR uptake spectrum was obtained
in the range of 200-380 nm. After the reaction and release of
the enzyme from the dendrimer cavities in the urine sample,
UV-vis spectra MOR was taken again. According to UV-vis
spectra, MOR uptake increased at this stage and the urine
sample was incubated at room temperature for 24 h. Following
the replacement of free MOR within the dendrimer cavities of
PAMAM dendrimer G2, a reduction was noticeable and
finally, after 48 h of incubation at ambient temperature, the
absorption of MOR reached zero.

Quality sample was reported to be good, Sy was suitable
and a comparison-based recent study indicated high selectivity
for the process. Ward et al. (Ward et al., 2013) evaluated the
efficacy of the MOR formula with PAMAM dendrimer
in vitro and in vivo. The release of MOR can play a useful part
in a pharmaceutical strategy as part of the therapeutic process.

3.7. Investigating the effect of urine pH

Since the urine sample employed in this study had a normal
pH = 6, it was adjusted using ammonia and diluted HCI in
areas 4, 5, 7, and 8 to investigate its effect. The samples were
then diluted to g5 using deionized water. The preparation
steps were completed according to the previous procedure
and finally the protein concentration in urine samples contain-
ing B-glucuronidase enzyme trapped in PAMAM dendrimer
G2 was measured using the Bradford method. As shown in
Table 4, pH = 7 is the best pH for releasing MOR from the
urine sample.

3.8. Optimizing the method and statistical study of the loaded
enzyme using response surface methodology (RSM)

Optimization and a statistical study of the loaded enzyme
using the RSM method is described here. The importance
and impact of parallel parameters were evaluated. The accu-
racy of the experimental model and ANOVA results for the
experimental parameters according to the Surface Methodol-
ogy (RSM) model are documented in Table 1A. The high p-
value in comparison with the F-value indicate the high
response rate of the studied model. The higher the R? value
then the better the correlation model performed. The value
of R? obtained from this system is 0.8328. An acceptable result
is a statistical response. According to ANOVA calculations
and the model used in this quadratic test, the amount of P
value is less than 0.05, which is very important for sample
regression. The value of the correlation coefficient (R?) is
0.8328. The response level method of the quadratic equation
shows well the relationships between the variables. The
adjusted coefficient of determination (Adjusted R?) was
0.7175 and the regression line describes the data relatively well.
The effective experimental variables are included in fB-
glucuronidase-enzyme (X;), MOR (Xj), time (X3), tempera-
ture (X4), and pH (Xs). After the experiments, ANOVA anal-
ysis was performed using quadratic and polynomial (Y)
response model with Egs. (1) and (2), respectively.



New method of identifying morphine in urine samples 9
Y = A+ AX + AXs + AsXs + AXy + AsXs + ApX X + ApXoXs + ApX Xy + AsXi Xs + ApXoXs (1)
+ AnXoXy + AssXoXs + AuXsXy + AssXsXs + AysXeXs + A11XT + A22X;1 + As3X§1 + A44X3 + Assxg
Y = —0.58 —0.388X; + 0.000231X, + 0.0098X;3 + 0.0315X4 + 0.0445Xs — 0.000147X;X; + 0.00165X,X;5 + 0.0026X;X,
—0.0079X, X5 4 4.054X,X;5 — 3.95X, X4 + 0.000012X,X5 — 0.000052X5X, + 0.000151X;3Xs + 0.000510X4Xs + 0.369X%
—1.215X3 — 0.000179X3 — 0.000558X; — 0.0005024X?
2

Egs. (1) and (2) show the relationship between the variables
defined in Table 1B. The Eq. (1) can be evaluated for the
response for certain levels concerning each factor. By default,
the low and high levels of factors are (+ 1 and —1). Comparing
the coefficient of factors is useful for reorganizing the impact
these factors make. ANOVA method for 3D surface is the sta-
tistical process required to measure MOR in this project
(Fig. 3A). Furthermore, the ANOVA method helped to inves-
tigate the coefficient of different models, and the relationship
between MOR and temperature as illustrated in Fig. 3B. Also,
the relationship of MOR with time is presented in Fig. 3C. It
shows a diminishment in time compared to temperature when
all other factors are constant. The coefficient of RSM is
expected to change per unit according to each factor’s value.

The coefficients are adjustments around that average based
on the factor settings. When the factors are orthogonal the
VIFs are (1); VIFs greater than (1) indicate multicollinearity.
Hence, with higher VIF the correlation of factors will be more
severe. As a general rule of thumb, VIFs less than 10 are tol-
erable. In this study, a change was noted in the percentage
of polymers. In addition, the nanoparticles were exposed to
nitrogen plasma under varying conditions of power and time.
The most appropriate concentration of polymers for nanopar-
ticles was obtained from 6% solution of polymers in formic
acid. With reference to the p-value, a higher F-value means
that the response level model is highly significant (Esmaeili
and Singh, 2017). Positive values suggest a positive effect on
enzyme release while negative values indicate the opposite
effect on the enzyme release process.

3.9. Loading of MOR in PAMAM dendrimer G2

The standard MOR sulfate powder is used in aqueous base.
The solutions contained free MOR at 100, 200, 300, 400,
500, and 600 pg L™! and then the solutions were diluted to
Tloo' The above solutions of B-glucuronidase enzyme trapped
in PAMAM dendrimer G2 were added. Fig. 3D shows Brad-
ford trapped B-glucuronidase enzyme in PAMAM dendrimer
G2. Afterward, the sample was incubated for 24 h at 37 °C
and then incubated for 48 h at room temperature. Fig. 3E
indicates the synthesis and replacement of B-glucuronidase
enzyme trapped in PAMAM dendrimer G2 cavities. Accord-
ing to the Bradford method, it is observed that over time the
amount of P-glucuronidase enzyme in the environment
shrinks and replaced in PAMAM dendrimer G2 cavities.
MOR uptake was measured with a conventional spectropho-
tometer, while the Bradford method serves to measure
enzyme concentrations at 595 nm. Wei et al. (Wei et al.,
2021) explained that the enzyme was replaced in the den-
drimer cavities containing silica particles. In the current
study, free morphine was replaced by p-glucuronidase
enzyme in the PAMAM dendrimer G2 cavities containing sil-
ica particles. After 48 h, the concentration of free morphine
in the real urinary tract shrank. Montalbo R, Marquez
(Montalbo and Marquez, 2017) used the UV-vis test which
compared white cell viability. 79% of the drug was released
in the first 12 h.

Y =0.585 — — 0.388 X; + 0.000231 X, + 0.0098 X; + 0.0315 Xy + 0.0445 X5 — 0.000147 X, X,
+0.00164 X, X3 + 0.0026 X, X, 0.0079 X; X5+ 4.053 X>X; — 3.95 XoX, + 0.00012 X>X
0.000052 X3X; + 0.000510 X, X5+ 0.469 X71.215 X5 0.000179 X3 @)
0.000558 X + 0.005024 X3 — — 0.005024 X?

The experiment design was based on the finding of ideal
conditions and the results of the experimental variables
included time, amount of nanoparticles and concentration of
the drug (Tadayon et al., 2015). These equations prove there
is a direct relationship between plasma and scaffold condi-
tions. The experiment set out to discover the best conditions
while the results of the experimental variables included time,
amount of nanoparticles and concentration of vancomycin
(Tadayon et al., 2016).

3.10. Release and replacement of B-glucuronidase enzyme from
PAMAM dendrimer G2

Fig. 3F and 3G show the replacement and release of B-
glucuronidase enzyme and MOR investigated for PAMAM
dendrimer G2. In Fig. 3F, the real urine sample contains
MOR and diluted at a ratio of 1/1000. Over time, the B-
glucuronidase enzyme escapes from the PAMAM dendrimer
G2 cavities and breaks the MOR- B-glucuronidase enzyme
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Fig. 3  (A) Based distribution of RSM trapped B-glucuronidase enzyme trapped in PAMAM dendrimer G2; (B) ANOVA comparison of
different standard concentrations of MOR with temperature changes in real urine samples; (C) ANOVA comparison of different standard
concentrations of MOR with times changes in real urine samples; (D) BRAD FORD trapped B-glucuronidase enzyme trapped in
PAMAM dendrimer G2; (E) Diagram BRAD FORD of loading trapped B-glucuronidase enzyme trapped in PAMAM dendrimer G2; (F)
Diagram BRAD FORD of relaese trapped B-glucuronidase enzyme trapped in PAMAM dendrimer G2; (G) Diagram of UV—Vis uptake
of free MOR in real urine samples after exposure to the released B-glucuronidase enzyme;
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bond in real urine. As the B-glucuronidase enzyme is released
from the PAMAM dendrimer G2 cavities (Fig. 3F), the con-
centration of the B-glucuronidase enzyme in the real urine
environment increases over time. The UV-vis absorption of
free MOR after effect of the B-glucuronidase enzyme is shown
in Fig. 3G. So, it breaks the MOR- B-glucuronidase enzyme
bond. Free uptake of MOR wanes over time and this indicates
the replacement of MOR in the PAMAM dendrimer G2
cavities.

The Bradford method of the supernatant in the first and
second cases shows that its enzymatic activity diminishes over
time. The enzyme in solution is replaced over time in the den-
drimer cavities. The second stage was determined after replac-
ing the enzyme inside the polyamide dendrimer cavities and the
PAMAM dendrimer G2 in real and diluted urine samples con-
taining MOR, under the influence of 37 °C. The enzyme was
released from the dendrimer cavities over time and in this
way, it entered the urine system. In the final stage, after the
effect of the enzyme released from the dendrimer cavities, the
MOR- B-glucuronidase enzyme bond was broken.

Subsequently, the free MOR concentration increased and
the released MOR was then replaced inside the dendrimer cav-
ities. The decline in UV-vis absorption of free MOR in the
solution confirms this scenario. Esmaeili and Mousavi
(Esmaeili and Mousavi, 2017) explained that the best release
rate is closely linked to pH 7.4. In other studies, the maximum
amount of drug release is 300 min after the start of the release
process but drug release of the synthesized structure in our
research is more controlled. This is due to loading the drug
in a multiple layer structure that prevents rapid degradation
(Sahu, 2013). In other research the maximum amount of the
drug release is 300 min after the release process commences
but drug release of synthesis structure in this study is more
controlled. This is due to loading the drug in the multiple
layer structure which prevents the rapid degradation (Sahu,
2013).

4. Conclusion

Drug users trying to hide their addiction, while identifying
MOR in the courts and in examination of their cases is very
important. MOR detection techniques include various screen-
ing and confirmation methods such as GC-MS, TLC, etc. It is
generally an expensive verification technique. In this study, a
new method for detecting MOR in urine samples using a
nanoparticle, dendrimer, and enzyme hybrid system was
designed. A very small urine sample requires very little B-
glucuronidase enzyme. The pH range was examined in the 4—
8 range and it emerged that the best pH level was 7. Enzyme
concentration changes were investigated with different vol-
umes of the enzyme being selected, and the best amount of
enzyme was 0.8 g based on Bradford results. It was shown that
0.6 mg of enzyme can be loaded in dendrimer cavities of
0.104 pgmL~". On the other hand, for the first time the
replacement and exchange of B-glucuronidase enzyme with
MOR in dendrimer cavities was proposed here, and it can be
used in future research to design identification techniques.
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