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ABSTRA CT

Objective: This study aims to increase the solubility of simvastatin (SIM), a hydrophobic drug, by incorporating it into PCL-PEG-PCL triblock
copolymer micelles and validating the assay method used, namely Uv-Vis spectrophotometric.

Methods: The shake flask method was used to determine the increase in solubility experienced by SIM after being incorporated into the micellar
system. The values of maximum wavelength (Aws), linearity, LOD, LOQ, accuracy, and precision were used as parameters measured to assess the

validity of the assay method used. .
31

Results: The results showed that PCL-PEG-PCL triblock copolymer micelles could increase SIM solubility by 9.7 times (8949#5.75 pg/ml)
compared to 51 ithout modification (9.19£0.24 pg/ml). The validation results show the Aw.. value of 239 nm, a linear calibration curve with an R-
value 0f 0.9994, LOD and LOQ of 0.33 pg/ml and 1.00 pg/ml, accurate measurement with recovery at concentrations of 80%, 100%, and 120% were

10293£1.32%, 100.78+0.40%, and 104.58£0.79% and also had good precision with RSD<2%.

Conclusion: The PCL-PEG-PCL triblock copolymer micelles can increase SIM solubility and the Uv-Vis spectrophotometric method has been
validated successfully for the quantitative analysis of SIM in PCL-PEG-PCL triblock copelymer micelles.
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INTRODUCTION

Solubility is one of the physicochemical properties of drugs that
need to be considered because it can affect the formulation and
effectiveness of therapy. Drugs with low selubility (hydrophobic
drugs) will provide low bicavailability so that the desired
therapeutic effect is not perfect [1, 2].

SIM (CisHss05) is an antiesterol drug of the statin class with the
mechanism of action of inhibiting the enzyme 3-hydroxy- hyl
glutaryc-coenzyme A reductase (HMG-CoA reductase). SIM belongs
to the class [l biopharmaceutical classification system (BCS) with a
solubility of 0.01 g/l (practically insoluble) and a bioavailability

0f<5@H]

Many mpts have been made to increase the solubility of SIM,
including hydrogels [7], complexes with arginine [8], solid dispersions
[9, 10], micellar polymers with derivatives of tocopherol [11], sphegical
crystal [12], and co-crystal formation [13, 14]. In this study, the incﬁs

in the solybility of SIM was carried out by being incorporated into PCL-
PEG-PCL lock copolymer micelles which would then form a micellar
polymer. PCL-PEG-PCL triblock copolymer micelles are an ideal drug
carrier candidate for SIM with an entrapment efficiency of 87.74% [15].

To determine the increase in solubility experiena by SIM, it is

essary to determine the concentration of SIM in the PCL-PEG-PCL
Eock copolymer micelle. According to the pharmacopeia, SIM
levels were determined by the High-Performance Liquid
Chromatography (HPLC) method. However, a simpler method, UV-
Vis spectrophotometry, has been reported to be used for the assay of
SIM in several pharmaceutical preparations showing results that
meet the required acceptance criteria [16-19].

MATERIALS AND METHODS
Materials

SIM is provided free by Dexa Medica (Palembang-Indonesia). All
other chemicals and reagents used in this study met the criteria for
an analytical grade.

Preparation of PCL-PEG-PCL triblodk copolymer and SIM loaded
PCL-PEG-PCL triblock copolymer micelles

The preparation of PCL-PEG-PCL triblock copolymer and incorporated
SIM in%e micelles system was obtained from our previo dy.
Where PCL-PEG-PCL triblock copolymer is made by reacting 5 g of PEG
and 10 g of e-CL using Sn (Oct): 0.5% w/w as a catalyst by the ring-
opening polymerization method (ROP). While SIM was incorporated into
the polymeric micelles by the solvent evaporation method (film
formation), 1 ml of SIM stock solution in dichloromethane (100 mg/10
ml) was mixed with 50 mg of PCL-PEG-PCL triblock copolymer [15].

Preparation of SIM stock solution

SIM was weighed as much as 10 mg, put into a 25 ml volumetric
flask, and methanol was added to the mark and then homogenized to
obtain a concentration of 400 ppm [16].
Determination ofthe Au.x of SIM
The 0.05 ml of the stock solution is pipetted, put into a 5 ml
volumetric flask, distilled water is added to the limit mark and
homogenized to obtain a solution with a concentration of 4 ppm,
then the solution is measured using a UV-vis spectrophotometer
over a 200-300 nm wavelength range. The Ay of SIM is indicated by
mwaveleugth that gives the highest absorbance [16].

Preparation of SIM calibration curve

The stock solution was pipnad as much as each 0.050, 0075, 0.100,
0.125, 0.150, and 0.175 ml were put into a 5 ml volumetric flask, and
then distilled water added to the mark and homogenized to obtaina
serial solution with §foncentration of 4, 6, 8, 10, 12 and 14 ppm. The
series solution was measured with a UV-vis spectrophotometer at the
Aunae 0f SIM [16].

Solubility enhancement test of SIM in the PCL-PEG-PCL triblock
copolymer micelles

SIM excess (10 mg) andfEM loaded into PCL-PEG-PCL triblock
copolymer was dissolved in 10 ml of distilled water and shaken for 24 h

246




. Patmayuni et al.

at 25%1 °C. After 24 h, the solution was filtered with a 0.45 pm
brane filter and ed using a UV-vis spectrophotometer at the
A 0f SIM and the dissolved content was calculated using a caP@tion
curve that had been prepared [20]. The instrument used was a UV-vis
spectrophotometer (Thermo Scientific, Genesys 105 UV).

Method validation
Linearity test

The linearity test was carried out by analyzing the measurement
results of the serial solution that had n made (4, 6, 8,10, 12, and
14 ppm) then made a relationship b en the absorbance and the
concentration of the serial solution, a linear regression equation (y =
ax+b) and correlatia:oefﬁcient (R) was obtained [16].

Determination of limit of detection and limit of quantification
(LOD and LOQ)

The LOD and LOQ was determined by measuring the absorbance of
the serial solution on the calibration curve for 3 replications and
then the standard dgsgation (SD) is determined [20].

LOD was calculated using the following equation:
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LOQ was calculated using the following equation:

LDQ =10:(SD

Slope
Accuracy and precision test

The stock solutn was pipetted as much as each 0.100, 0.& and

0. ml, were put into a 5 ml volumetric flask containing 5 ml
of PCL-PEG-PCL triblock copolymer solution in water, then distilled
water was d to the mark, and then homogenized. The test

solution was measured with a UV-vis spectrophotometer at the Awux
of SIM. The accuracy test is assessed based on the % recovery, while
the precision test is determined based on the relative standard
deviation (RSD) value [16, 21].

RESULTS AND DISCUSSION

Increased solubility of SIM in PCL-PEG-PCL triblock copolymers
micelles

Theoretically, SIM has a water solubility of 10 g/ml. The solubility of the
modified SIM into the PCL-PEG-PCL triblock copolymer micelles was
89.49+5.75ng,/ml, while the solubility of SIM without modification was
9.19#0.24pg,/ml These results indicate that there has been an increase
in the solubility of SIM after being made into micelles [22]. The complete

33 x50
LOD =S test results for increasing the solubility of SIM can be seenin table 1.
Table 1: The results for increasing solubility of SIM in triblock copolymer
Sample Concentration of SIM (pg/ml)* Increased solubility
SIM without modification 9.19£0.24 -
SIM in micelles 89.49+5.75 9.7 times

"All values are expressed as mean of n=3#standard deviation (SD)

SIM is a drug that has low solubility in water. Drugs with low solubility
in water will be difficult to absorb in e gastrointestinal tract where
the main component is water so th ill cause low bicavailability.
Therefore, one way that can be used to increase the bioavailability of a
drug is to increase its solubility in water [1, 3]. lubility
enhancement test was carried out to examine the ability of PCL-PEG-
PCL triblock copolymer to increase tl lubility of SIM. A similar
study was conducted by Alami-milani using a hydrophobic drug
model of dexamethasone, in that study, it was reported that the use of
PCL-PEG-PCL triblock copolymers could increase the solubility of
methasone by 11.7 times (1.17 mg/ml) [23].

The PCL-PEG-PCL triblock copolymer was composed of PCL as a
hydrophobic block and PEG as a hydrophilic block In aqueous
media, PCL-PEG-PCL triblock copolymer will spontaneously form

micelles with the hydrophilic part on the outside and the
hydrophobic part on the inside as the core [24, 25]. The ability to
increase @ solubility by triblock micellar copolymers is
influenced by the length of the hydrophobic block and the ratio of
the constituent polymers. The longer the hydrophobic block that
makes up the triblock copolymer, the greater the solubility of the
drug because more hydrophobic drugs can be loaded into the
micellar system [26].

Analysis method validation

Method validation was carried out on the parameters of the A,
correlation coefficient (R) of the obtained calibration curve, LOD,
LOQ, accuracy, and precision. The complete validation test results
for various parameters can be seen in table 2.

Table 2: The summary of validation

Parameter Result

A 239 nm

Linearity

y=ax+b Y = 0.0499x-0.0249

a:slope

B rcept

icient correlation (R) 0.9994

LOD (pg/ml) 0.33

LOQ (pg/ml) 1.00

Accuracy (% recovery)® 80% 102.93%1.32
100% 100.78£0.40
120% 104.5820.79

Precision (% RSD) Intra-day

Inter-day (10 pg/ml)

1.371 (8 pg/ml)
0.418 (10 pg/ml)
0.786 (12 pg/ml)
0.418 (1= day)
0.525 (2 day)

“All values are expressed as mean of n=3+standard deviation (SD)

Aunax of SIM measurement results

The Awmax is the wavelength that gives the maximum absorption of
SIM. The determination of the Aw. of SIM aims to provide maximum

sensitivity of samples containing SIM, a calibration curve that is
linear and produces fairly constant data if repeated measurements
are made. Determination of the A.. was carried out at a
concentration of 4 ppm using a Uv-Vis spectrophotometer, the fig. 1
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showed the Awmw of SIM was 239 nm, the results were not much
different from the Amax of SIM in the literature, which was 238 nm.
The Amax shift of the measurement results compared to the literature
can be caused by several factors, such as differences in the source of

Int | App Pharm, Vel 14, Issue 1, 2022, 246-250

materials and the tools used. However, the wavelength shift is not
more than 3% of the Ama in the literature so it can be said that the
results of the measurements carried out meet the requirements for
use for analysis [16].

Fig. 1: The Auax of SIM

The results of the calibration curve and linearity test

The calibration curve was used to determine the linear regregeiah
equation that would be used to calculate SIM levels in the PCL-
PEG-PCL triblock copolymer. The linear regression equation was
obtained from the relationship between the concentration of the
prepared SIM series solution and its absorbance measured at a
wavelength of 239 nm which is the A... of SIM used in this study,
which was presented in table 3. SIM calibration curve graph can be
seen in fig. 2, with intercept value =-0.0249 and slope value =
0.0499, so that the linear regression equation y = 0.0499x-0.0249
with R = 0.9994 is obtained. The linearity test can be determined
based on the correlation coefficient (R) of the obtained linear
regression equation, where the acceptance criteria of the linearity
test are R 0.9994. When viewed from the R-value obtained in the
test, it shows that the method used has good linearity [16, 17, 27].

Accuracy and precision test results

One of the fundamental requirements in the analysis is accuracy and
precisi Accuracy indi the cl of the ement
results to the actual value which is expressed as % recovery, while
precision indicates the degree of suitability of the test results as
measured by the distribution of the results from the average when

v=10.0499x-0.0249
R*=0.995

Absorbance

repeated measurements are made which will produce an average
value that is very close to the true value. The measuring parameter
to determine precision is the percent relative standard deviation (%
RSD) [16,17, 28]

Table 4 presents that the average % recovery obtained in
determining the accuracy is 102.93:1.32%, 100.78+0.40%, and
104.580.79%. % recovery is acceptable because it is in the range of
80-110% [17, 21, 28].

Table 3: The result of absorbance measured of the series

solution
Concentration (ppm) Absorbance”
4 0.18120,002
6 0.264x0,008
8 0.37920,003
10 0.46820,007
12 0.580+0,006
14 0.672+0,004

"All values are expressed as mean of n=3#standard deviation (SD)

10 12 14 16

Concentration (ppm)

Fig. 2: The graph of SIM calibration curve

Table 4: The results of accuracy test of SIM in PCL-PEG-PCL triblock copolymer micelles

Concentration (%) Theoretical level (pg/ml)

80 8
100 10
120 12

Calculated level (pg/ml) Recovery (%)* % RSD
102.93+1.32 1.269

10.078 100.78+0.40 0.398

12.549 104.58+0.79 0.755

“All values are expressed as mean of n=3#standard deviation (SD)
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The precision test results are shown in table 5 and 6 show that the day and 0.525 for the second day on the inter-day measurement
% RSD of the average 5IM absorbance obtained was 1.371, 0.418, with a concentration of 10 g/ml. The value of % RSD<2 indicates
and 0.786 for the intra-day measurement, while 0.418 for the first that the method shows good precision [13, 14].

Table 5: The results of intra-day precision test of SIM in PCL-PEG-PCL triblock copolymer micelles

Concentration (pg/ml) Absorbance* % RSD
8 0.38610.005 1.371
10 0.478+0.002 0.418
12 0.601+0.005 0.786

*All values are expressed as mean of n=3tstandard deviation (5D)

Table 6: The results of inter-day precision test of SIM in PCL-PEG-PCL triblock copolymer micelles

Concentration (pg/ml) Days- Absorbance” % RSD
10 1= 0478£0.002 0.418
2nd 0479+0.003 0.525

“All values are expressed as mean of n=3#standard deviation (SD)

CONCLUSION 8.  Meor Mohd Affandi MM, Tripathy M, Shah SA, Majeed AB.

- L . Solubility ~enhancement of simvastatin by arginine:
The solubllity of SIM after heing incorporated into ESTCHRECRAN thermodynamics, solute-solvent interactons, and spectral

triblock copolymer micelles was successfully increased by 9.7 times analysis. Drug Des Devel Ther. 2016;10:959-69. doi:

compared to SIM  without modificaion. The Uv-Vis 10 2147I/DDIT[' <04701, PMID 27041998, ' :

spectrophatometer used to measure dissalved SIM levels has been 9.  Essa EA, Dwaikat M. Ejnhancement of simvastatin disselution

successfully validated. The validation results show the Apx val f by surface solid dispersion: effect of carriers and wetting

239 nm, a linear calibration curve with an R-value of 0.9994, LOD agents. | Appl Pharm Sci. 2015;5:46-53.

and LOQ of 0.33 pg/ml and 1.00 pg/ml, accurate measurement with 10. Borawake PD, Arumugam K, Shinde |V. Formulation of solid

% recovery at concentrations of 80%, 100%, and 120% were dispersions for enhancement of solubility and dissolution rate

10293£1,32%, 100.78:0.40% and 104.58:0.79% and also has a of simvastatin, Int | Pharm Pharm Sci. 2021;13:94-100. doi:

good precision value with RSD<2%. 10.22159/ijpps.2021v13i7.41205.

ACKNOWLEDGMENT 11. Pescina S, Sonvico F, Clementino A, Padula C, Santi P, Nicoli S.
Preliminary investigation on simvastatin-loaded polymeric

The authors would like to thank the research grand of Yayasan micelles in view of the treatment of the back of the eye.

Notari Bhakti Pertiwi Palembang for funding this research. Pharmaceutics. 2021;13(6):1-15. doi:
10.3390/pharmaceutics13060855, PMID 34207544

AUTHORS CONTRIBUTIONS 12. Shital 5P, Rakesh M, Shirolkar SV. Spherical agglomeration a

All of the authors listed in this manuscript have contributed equally. novel approach for solubility and dissolution enhancement of
simvastatin. Asian | Pharm Clin Res. 2016;9:65-72.

CONFLICT OF INTERESTS 13. Sopyan |, Syah ISK, Nurhayti D, Budiman A. Improvement of

simvastatin dissolution rate using derivative non-covalent

The author declares that there is no conflict of interest related to approach by solvent drop grinding method. Int | Appl Pharm.

this report. 2020;12:21-4. doi: 10.22159/ijap.2020v12i1.35865.

REFERENCES 14. Sopyan I, Fudhol A, Puspitasari MM L A simple effort to

enhance solubility and dissolution rate of simvastatin using co-

1. HeG, Ma LL, Pan ], Venkatraman 5. ABA and BAB type triblock crystallization. Int | Pharm Pharm Sci. 2016;8:342-6.
copolymers of PEG and PLA: A comparative study of drug release 15. Sulaiman TNS, Patmayuni D, Zulkamain AK. Optimization of PCL-
properties and "stealth” particle characteristics. Int | Pharm. PEG-PCL triblock copolymer micelles as hydrophobic drug carrier
2007;334(1-2):48-55. doi: 10.1016/j.ijpharm.2006.10.020, PMID with a 22 full factorial design. Int | Appl Pharm. 2019;11:42.7.
17116377, 16. Birari AE. Development and  validation of UV

2. Murtaza G. Solubility enhancement of simvastatin: a review. spectrophotometric method for estimation of simvastatin in
Acta Pol Pharm. 2012;69(4):581-90. PMID 22876598, bulk and solid dosage form. Int | Pharm Sci Res. 2015;6:85-9.

3. Jiang T, Han N, Zhao B, Xie Y, Wang S. Enhanced dissolution rate 17. Dey S, Pradhan PK, Upadhayay UM, Patel C, Lad B. Method
and oral bioavailability of simvastatin nanocrystal prepared by development and validation of simvastatin by UV
sonoprecipitation. Drug Dev Ind Pharm. 2012;38(10):1230-9. spectrophotometric method. | Pharm Res. 2012;5:5380-2.
doi: 10.3109/03639045.2011.645830, PMID 22229827. 18. Sharma M, Kaur R, Singh S, Kharb V, Jain UK. Development and

4. Rohilla A, Khan MU, Khanam R. Cardioprotective potential of validation of Uv spectroscopic method for the estimation of
simvastatin in the hyperhomocysteinemic rat heart. | Adv simvastatin. World ] Pharm Pharm Sci. 2013;3:763-71.

Pharm Technol Res. 2012;3(3):193-8. doi: 10.4103/2231- 19. Panamasha A|, Tejaswi K, Parimala SS. Spectrophotometric
4040.101018, PMID 23057007, estimation of simvastatin in bulk and tablet dosage form. Int |

5. Yulianita R, Sopyan I, Muchtaridi M. Forced degradation study Innov Pharm Res. 2013;4:284-7.
of statins: a review. Int | Appl Pharm. 2018;10(6):38-42. doi: 20. Sandeep K, Suresh P, Gupta GD. Effect of non-ionic surfactant
10.22159 /ijap.2018v10i6.29086. on the solubility and dissolution of simvastatin. Int Res |

6. Verma N. Introduction to hyperlipidemia and its treatment: a Pharm. 2011;2:100-2.
review. Int | Curr Pharm Sci. 2017;9(1):6-14. doi: 21. AOAC. Peer verified program, manual on policies and
10.22159/ijcpr.2017v9i1.16616. procedures. Washington DC. Arlington; 1993.

7. Rosyida NF, Pudyani PS, Nugroho AK, Ana ID, Ariyanto T. Solubility 22. Moffat C, Osselton M, Widdop B. Clarke’s analysis of drugs and
enhancement of simvastatin through surfactant addition for poisons. 3rd ed. London: Pharmaceutical Press; 2005.
development of hydrophobic drug-laded gelatin hydrogel. 23. Alami-milani M, Zakeri-milani P, Valizadeh H, Salehi R,
Indones | Chem. 2019;19(4):920-7. doi: 10.22146 /ijc38153. Jelvehgari M. Preparation and evaluation of PCL-PEG-PCL

249




24,

25.

. Patmayuni et al.

micelles as potential nanocarriers for ocular delivery of
dexamethasone. Iran | Basic Med Sci. 2018;21(2):153-64. doi:
10.22038/1JBMS.2017.26590.6513, PMID 29456812,

Cho HK, Cheong [W, Lee |M, Kim JH. Polymeric nnanoparticles,
mmicelles, and ppolymersomes ffrom aamphiphilic bblock
ccopolymer. Kor | Chem Eng. 2010;27:731-40.

Zamani §, Khoee S. Preparation of core-shell chitosan/PCL-PEG
triblock copolymer nanoparticles with ABA and BAB
morphologies: effect of intraparticle interactions on
physicochemical properties. Polymer. 2012;53(25):5723-36.
doi: 10.1016/jpolymer.2012.09.051.

26.

27.

28.

Int ] App Pharm, Vol 14, Issue 1, 2022, 246-250

Rajeshwar BR, Gatla A, Rajesh G, Arjun N, Swapna M. Polymeric
micelles: A nanoscience technology. Indo American | Pharm
Res. 2011;1:351-63.

Doolaanea AA, Mawazi SM, Hadi HAB, Al-mahmood
SMAMawazi SM, Hadi HAB, Al-mahmood SMA, Dool AA
Development and validation of UV-vis spectroscopic method of
assay of carbamazepine in microparticles. Int | Appl Pharm.
2019;11(1):34-7. doi: 10.22159/ijap.2019v11i1.26256.

Prasad AR, Thireesha B. Uv-spectrophotometric method
development and validation for the determination of
lomoxicam in microsponges. Int | Appl Pharm. 2018;10(1):74-
8. doi: 10.22159/ijap.2018v10i1.22357.

250




Method validation of simvastatin in PCL-PEG-PCL triblock
copolymer micelles using UV-vis spectrophotometric for
solubility enhancement assay

ORIGINALITY REPORT

15, o. 116 3w

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
ejournal.unkhair.ac.id 2
Internet Source 96
Maimoona Qindeel, Dildar Khan, Naveed 1 o
0

Ahmed, Salman Khan, Asim.ur. Rehman.
"Surfactant Free, Self-Assembled
Nanomicelles-Based Transdermal Hydrogel
for Safe and Targeted Delivery of
Methotrexate against Rheumatoid Arthritis",
ACS Nano, 2020

Publication

Piao, L.. "Synthesis and characterization of 1 o
PCL/PEG/PCL triblock copolymers by using ’
calcium catalyst", Polymer, 200303

Publication

repository-tnmgrmu.ac.in 1
Internet Source 96

-~

McEvoy, E.. "Optimisation and validation of a 1 )
: . : , N Y%

rapid and efficient microemulsion liquid

chromatographic (MELC) method for the

o



determination of paracetamol
(acetaminophen) content in a suppository
formulation", Journal of Pharmaceutical and
Biomedical Analysis, 20070509

Publication

A. D. Adiningsih, M. Y. A. Ramadhan, M. A.
Darmawan, M. Gozan. "Mangosteen rind
(Garcinia mangostana Linn) fermentation with
Saccharomyces cerevisiae yeast to increase
antioxidant level", AIP Publishing, 2022

Publication

T

www.asianpharmaonline.org

Internet Source

T

Abbas Pirpour Tazehkand, Roya Salehi, Kobra
Velaei, Nasser Samadi. "The potential impact
of trigonelline loaded micelles on Nrf2
suppression to overcome oxaliplatin
resistance in colon cancer cells", Molecular
Biology Reports, 2020

Publication

T

Fang Fang. "Acute toxicity evaluation of in situ
gel-forming controlled drug delivery system
based on biodegradable poly(e-caprolactone)-
poly(ethylene glycol)-poly(e-caprolactone)
copolymer", Biomedical Materials, 04/2009

Publication

T

10

Guilei Ma. "Thermosensitive PCL-PEG-PCL
hydrogels: Synthesis, characterization, and

T



delivery of proteins", Journal of Applied
Polymer Science, 2010

Publication

WwWw.|3.istage.ist.g0.]
InternetSJourie g J g Jp 1 %
Mohammad Mehdi Mahboobian, Simin <1 o
Dadashzadeh, Mehdi Rezaei, Mojdeh ’
Mohammadi, Noushin Bolourchian.
"Simvastatin in ternary solid dispersion
formulations: Improved In vitro dissolution
and anti-hyperlipidemia efficiency", Journal of
Drug Delivery Science and Technology, 2022
Publication
www.scielo.br
Internet Source <1 %
ijper.or
Igw‘grnet Sourgce <1 %
mdpi-res.com
InternEz)t Source <1 %
repository.kaust.edu.sa
Inteﬁlet Sourcey <1 %
www.omicsonline.or
Internet Source g <1 %
Dayananda, K.. "In situ gelling aqueous <1 o

solutions of pH- and temperature-sensitive



poly(ester amino urethane)s", Polymer,
20081006

Publication

Gou, M.. "A novel injectable local hydrophobic

| . <l
drug delivery system: Biodegradable
nanoparticles in thermo-sensitive hydrogel",
International Journal of Pharmaceutics,

20080709
Publication
Submitted to Kingston Universit
Student Paper g y <1 %
Sandeep K. Singh, Vishal Makadia, Shweta <1 o
Sharma, Mamunur Rashid et al. "Preparation ’
and in-vitro/in-vivo characterization of trans-
resveratrol nanocrystals for oral
administration", Drug Delivery and
Translational Research, 2017
Publication
japtr.or
JIrwteF-r)netSour%e <1 %
tjinpr.or
Ir!terEetSouge <1 %

Mantana Chansuna, Nuttaporn Pimpha, Visit

. . <l%
Vao-soongnern. "Mesoscale simulation and
experimental studies of self-assembly
behavior of a PLA-PEG-PLA triblock copolymer



micelle for sustained drug delivery", Journal of
Polymer Research, 2014

Publication

Rosario Pignatello, Roberta Corsaro. <1 o
"Polymeric Nanomicelles of Soluplus® as a ’
Strategy for Enhancing the Solubility,

Bioavailability and Efficacy of Poorly Soluble
Active Compounds", Current Nanomedicine,
2019
Publication
Ruchit Trivedi. "Nanomicellar formulations for <1
: . . %
sustained drug delivery: strategies and
underlying principles”, Nanomedicine,
04/2010
Publication
discovery.ucl.ac.uk

InternetSourczl <1 %
dl.uncw.edu

Internet Source <1 %
jpsr.com

Ig]!:?ernetSource <1 %
medcraveonline.com

Internet Source <1 %

Cai Bing Liu. "Thermoreversible gel-sol <1 o

behavior of biodegradable PCL-PEG-PCL
triblock copolymer in aqueous solutions”,



Journal of Biomedical Materials Research Part
B Applied Biomaterials, 01/2008

Publication

Dai Phu Huynh, Cong Truc Huynh, Doo Sung <1 o
Lee. "Picolyamine based pH/temperature ’
sensitive hydrogels", Macromolecular

Research, 2010

Publication

Hu, Yong, Leyang Zhang, Yi Cao, Haixiong Ge, <1 y
Xiqun Jiang, and Changzheng Yang. ’
"Degradation Behavior of Poly(e-
caprolactone)-b-poly(ethylene glycol)-b-poly(e-
caprolactone) Micelles in Aqueous Solution”,
Biomacromolecules, 2004.

Publication

Teresa Darlen Carrillo-Castillo, Antonia Luna- <1 o
Velasco, Erasto Armando Zaragoza-Contreras, ’
Javier Servando Castro-Carmona. "

Thermosensitive hydrogel for -controlled
methotrexate delivery ", e-Polymers, 2021

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



Method validation of simvastatin in PCL-PEG-PCL triblock
copolymer micelles using UV-vis spectrophotometric for
solubility enhancement assay

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ ’I OO Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5




RUBRIC: 6TH-8TH SCIENCE ARGUMENT (CER)

CLAIM

Take an arguable position on the scientific topic and develop the essay around that stance.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

EVIDENCE

The essay introduces a precise, qualitative and/or quantitative claim based on the
scientific topic or text(s), regarding the relationship between dependent and
independent variables. The essay develops the claim and counterclaim fairly,
distinguishing the claim from alternate or opposing claims.

The essay introduces a clear, qualitative and/or quantitative claim based on the
scientific topic or text(s), regarding the relationship between dependent and
independent variables. The essay effectively acknowledges and distinguishes the
claim from alternate or opposing claims.

The essay attempts to introduce a qualitative and/or quantitative claim, based on
the scientific topic or text(s), but it may be somewhat unclear or not maintained
throughout the essay. The essay may not clearly acknowledge or distinguish the
claim from alternate or opposing claims.

The essay does not clearly make a claim based on the scientific topic or text(s), or
the claim is overly simplistic or vague. The essay does not acknowledge or
distinguish counterclaims.

Include relevant facts, definitions, and examples to back up the claim.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

REASONING

The essay supplies sufficient relevant, accurate qualitative and/or quantitative
data and evidence related to the scientific topic or text(s) to support its claim and
counterclaim.

The essay supplies relevant, accurate qualitative and/or quantitative data and
evidence related to the scientific topic or text(s) to support its claim and
counterclaim.

The essay supplies some qualitative and/or quantitative data and evidence, but it
may not be closely related to the scientific topic or text(s), or the support that is
offered relies mostly on summary of the source(s), thereby not effectively
supporting the essay's claim and counterclaim.

The essay supplies very little or no data and evidence to support its claim and
counterclaim, or the evidence that is provided is not clear or relevant.

Explain how or why each piece of evidence supports the claim.

ADVANCED

The essay effectively applies scientific ideas and principles in order to explain how
or why the cited evidence supports the claim. The essay demonstrates consistently
logical reasoning and understanding of the scientific topic and/or text(s). The
essay's explanations anticipate the audience's knowledge level and concerns
about this scientific topic.



PROFICIENT

DEVELOPING

EMERGING

FOCUS

The essay applies scientific reasoning in order to explain how or why the cited
evidence supports the claim. The essay demonstrates logical reasoning and
understanding of the scientific topic and/or text(s). The essay's explanations
attempt to anticipate the audience's knowledge level and concerns about this
scientific topic.

The essay includes some reasoning and understanding of the scientific topic
and/or text(s), but it does not effectively apply scientific ideas or principles to
explain how or why the evidence supports the claim.

The essay does not demonstrate clear or relevant reasoning to support the claim
or to demonstrate an understanding of the scientific topic and/or text(s).

Focus your writing on the prompt and task.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

ORGANIZATION

The essay maintains strong focus on the purpose and task, using the whole essay
to support and develop the claim and counterclaims evenly while thoroughly
addressing the demands of the prompt.

The essay addresses the demands of the prompt and is mostly focused on the
purpose and task. The essay may not acknowledge the claim and counterclaims
evenly throughout.

The essay may not fully address the demands of the prompt or stay focused on
the purpose and task. The writing may stray significantly off topic at times, and
introduce the writer's bias occasionally, making it difficult to follow the central
claim at times.

The essay does not maintain focus on purpose or task.

Organize your writing in a logical sequence.

ADVANCED

PROFICIENT

DEVELOPING

The essay incorporates an organizational structure throughout that establishes
clear relationships among the claim(s), counterclaims, reasons, and evidence.
Effective transitional words and phrases are included to clarify the relationships
between and among ideas (i.e. claim and reasons, reasons and evidence, claim
and counterclaim) in a way that strengthens the argument. The essay includes an
introduction and conclusion that effectively follows from and supports the
argument presented.

The essay incorporates an organizational structure with clear transitional words
and phrases that show the relationship between and among ideas. The essay
includes a progression of ideas from beginning to end, including an introduction
and concluding statement or section that follows from and supports the argument
presented.

The essay uses a basic organizational structure and minimal transitional words
and phrases, though relationships between and among ideas are not consistently



EMERGING

LANGUAGE

clear. The essay moves from beginning to end; however, an introduction and/or
conclusion may not be clearly evident.

The essay does not have an organizational structure and may simply offer a series
of ideas without any clear transitions or connections. An introduction and
conclusion are not evident.

Pay close attention to your tone, style, word choice, and sentence structure when writing.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

The essay effectively establishes and maintains a formal style and objective tone
and incorporates language that anticipates the reader's knowledge level and
concerns. The essay consistently demonstrates a clear command of conventions,
while also employing discipline-specific word choices and varied sentence
structure.

The essay generally establishes and maintains a formal style with few possible
exceptions and incorporates language that anticipates the reader's knowledge
level and concerns. The essay demonstrates a general command of conventions,
while also employing discipline-specific word choices and some variety in
sentence structure.

The essay does not maintain a formal style consistently and incorporates language
that may not show an awareness of the reader's knowledge or concerns. The essay
may contain errors in conventions that interfere with meaning. Some attempts at
discipline-specific word choices are made, and sentence structure may not vary
often.

The essay employs language that is inappropriate for the audience and is not
formal in style. The essay may contain pervasive errors in conventions that
interfere with meaning, word choice is not discipline-specific, and sentence
structures are simplistic and unvaried.



