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ABSTRACT:

The most widely used antipyretic analgesic drug in the world is acetaminophen. Therefore, this paper shows the
synthesis assisted by the conventional, microwave, and ultrasound methods, from p-aminophenol and acetic
anhydride, will be analyzed. Three separate mixtures were prepared in flasks, each containing 5,8 g of p-
aminophenol, 5 mL of water, and 5,2 mL of acetic anhydride. First, it was subjected to conventional heating at
60 °C for 10 minutes. The second was subjected to microwaves for 5 minutes. The third was subjected to
ultrasound for 6 minutes. The yield of the reactions was determined and identified by infrared spectroscopy and
assessed by liquid chromatography against a USP primary standard of acetaminophen, giving positive results.
The conventional synthesis gave a 56.5% vyield and a 90.3% purity of acetaminophen. These results were used
as a point of comparison for microwave and ultrasound-assisted methods. The microwave-assisted synthesis
yield was 88.9%, and the purity was 98.7%. The yield for the ultrasound-assisted synthesis was 80.3% and the
purity was 95.3%. It is concluded that microwave-assisted synthesis shortens the reaction time by 50% and also
increases the yield by 32.4% and the purity by 8.4%. Likewise, ultrasound assistance reduced the time by 40%,
extending the yield by 23.8% and the purity by 5.0%. Therefore, microwave and ultrasound assistance can be
used to enhance the synthesis of acetaminophen and possibly other medicinal compounds that have analgesic
and antipyretic effects.
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I. INTRODUCTION

The yield of a reaction could be enhanced by utilizing technologies such as microwave and ultrasound. This also
is more environmentally friendly and can be conserves resources. In both inorganic and organic chemistry, is a
good option to use the microwaves [1-5]. Microwaves are a fraction of the electromagnetic spectrum that covers
frequencies between 0,3 and 300 Ghz. Microwave ovens in our homes work at a frequency of 2,45 GHz and the
energy associated with this radiation is 0,0016 eV, much less energy than that of a hydrogen bond (0,21 eV).
When applying microwaves, resistance is generated in the magnetic field will seek to align polarity, which will
generate heat. Currently using microwaves as a synthesis route in the field of Solid-State Chemistry is
increasingly investigated. Microwave radiation interacts with matter, giving differences in microwave heating
compared to conventional methods, which allows the synthesis of numerous materials in times between 10 and
1000 times less than conventional methods, and the growth of bacteria is also efficiently reduced. particles
during the reaction and the size of said particles. Microwave synthesized materials generally do not present
significant qualitative disadvantages in terms of crystallinity and physical properties. In some reactions there are
even quantitative advances in material properties and attractive particle morphologies. On the other hand, we
can consider microwave-assisted synthesis as a fast chemistry method which, also considering the low energy
consumption requirements, the technique is compatible with most Green Chemistry principles, since there is no
use of toxic or hazardous reagents and solvents, it provides high efficiency because energy consumption is
reduced compared to process performance, and the process can be easily monitored to avoid contamination [6—
12].

In the pharmaceutical sector, the sonochemistry has achieved a lot of interest [13]. Sonochemistry is the use of
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ultrasound to generate chemical reactions and is based on the application of ultrasound to a liquid medium. The
ultrasound frequency is in a range of 20 KHz and 10 MHz, associated with a wavelength between 7,5 and 0,015
cm. Considering the wavelength values, there is no direct interaction at the molecular level between the
ultrasonic radiation and the chemical species present in the liquid medium of the reaction. Radiation is capable
of generating important physical phenomena such as acoustic cavitation capable of altering the chemical nature
of the system. During the rupture of a liquid medium, holes or bubbles are produced, this phenomenon is called
cavitation and is generated when the pressure reached inside the liquid is sufficiently below its vapor pressure.
Cavitation can occur due to a turbulent flow, an electrical discharge, the boiling of the liquid itself or by passing
a sound wave through a liquid medium, which causes a series of oscillations of the molecules that make up the
liquid, increasing the pressure and temperature. Acoustic cavitation is generated in 3 stages: nucleation, growth
and implosion of the bubble, highlighting that the bubbles implode during the compression stages of the acoustic
wave, producing high energy that favors the generation of chemical reactions (14). In a large number of
heterocyclic compounds with analgesic, antipyretic, anti-inflammatory, antibacterial, and antifungal properties,
the application of the ultrasound technique has been a useful form to accelerate and improve their synthesis of
them[13].

Acetaminophen was synthesized in 1878 by Morse and used clinically as an analgesic by Von Mering in 1887.
Thanks to the studies carried out by Brodie and Axelrod on acetaminophen, it was finally marketed in 1950 in
the United States of America, as a non-steroidal, non-opioid analgesic. Acetaminophen is a drug with more than
129 years of clinical use and has been used throughout the world [15-21]. Acetaminophen has properties similar
to those of aspirin; however, it does not have peripheral anti-inflammatory properties as well as little effect on
platelet function. This medicine has proven to be very effective in the treatment of acute chronic pain. It is also
widely recommended in patients with chronic diseases. The American Lung Association recommends it as a
first-line medication for pain associated with the flu, and the American Geriatrics Society recommends it for the
treatment of mild and persistent pain in the elderly. It is also recommended by the American College of
Rheumatology as first-line therapy for osteoarthritis of the hip or knee. Uncontrolled use of this medication can
lead to acute liver failure. In 2017, the fever indication was expanded to include patients as young as preterm
infants born at 32 weeks' gestation. The maximum total daily dose is 4000 mg and it can be administered in
combination with other anti-influenza drugs [22—-30]. The synthesis of acetaminophen from p-aminophenol and
acetic anhydride is well known and is produced by the acetylation of an amine through a nucleophilic
substitution reaction on unsaturated carbon, the nucleophile being the amine. The acetylation mechanism
consists of an amine attack on the carbonyl carbon of the acetic anhydride, forming a tetrahedral intermediate,
see figure 1 [31]. Although the techniques of ultrasound and microwave have been used in the synthesis of some
products, to the date of this investigation there is no evidence of their use in the synthesis of the Acetaminophen.
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Fig. 1 Synthesis of acetaminophen from p-aminophenol and acetic anhydride
Il. MATERIALS AND METHODS

p-Aminophenol, acetic anhydride, water, ice, methanol, USP primary standard of acetaminophen, monobasic
potassium phosphate, dibasic sodium phosphate anhydrous Mettler Toledo analytical balance, Shimadzu
infrared spectroscope, heating oven, drying oven, microwave equipment, ultrasound equipment and liquid
chromatograph.

Conventional synthesis5,8 g of p-aminophenol equivalent to 0,0531 moles were mixed in a heating flask with 5
mL of water and 5,2 mL of acetic anhydride equivalent to 0,0550 moles. The mixture was stirred for 1 minute
and heated for 10 minutes at 60°C.

The resulting mixture was cooled by placing it on ice and suction filtered with a Buchner filter. The crystals
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retained on the Buchner filter were removed, dried at 105°C to constant weight, and the reaction yield was
calculated.

Microwave assisted synthesis

5,8 g of p-aminophenol was mixed in a heating flask with 5 mL of water and 5,2 mL of acetic anhydride. The
mixture was stirred for 1 minute and with the help of the microwave it was heated for 5 minutes. The resulting
mixture was cooled by placing it on ice and suction filtered with a Buchner filter. The crystals retained on the
Buchner filter were removed, dried at 105°C to constant weight, and the reaction yield was calculated.
Ultrasound-Assisted Synthesis

5,8 g of p-aminophenol was mixed in a heating flask with 5 mL of water and 5,2 mL of acetic anhydride. The
mixture was stirred for 1 minute and with the aid of ultrasound it was heated for 6 minutes. The resulting
mixture was cooled by placing it on ice and suction filtered with a Buchner filter. The crystals retained on the
Buchner filter were removed, dried at 105°C to constant weight, and the reaction yield was calculated.
Analytical method

Identification by absorption in the infrared

The absorption was observed in an infrared spectroscope of a mixture prepared with 990 mg of potassium
bromide for infrared and 10 mg of acetaminophen primary standard. Similarly, the absorption of a mixture
prepared with 990 mg of potassium bromide for infrared and 10 mg of the products obtained with the synthesis
methods. [32].

Loss on drying

development of analysis consisted of weighing

approximately 1 g of sample of the product obtained in each synthesis. It dried in a crucible at 105 °C until
constant weight. The moisture content is determined by the difference between the weights of the crucible,
before and after drying. [32].

Liquid Chromatography Titration

The analysis method used for the evaluation was liquid chromatography, which was established by USP 40 [32]
Solution A: 1,7 g of monobasic potassium phosphate was diluted to 1L with water with 1,8 g of dibasic
anhydrous sodium phosphate

Solution B: Methanol

Mobile phase: See table 1

Detector: 230 nm

Column: 4.6 mm x 10 cm; 3.5 pm gasket L7

Flow: 1mL/min

TABLE 1. MOBILE PHASE PROPORTIONS.

Time in minutes Solution A (%) Solution B (%)
99 1
99 1
19 81
7.1 99
10 99 1

Acetaminophen standard: 10,0 mg of acetaminophen primary standard were weighed and transferred to a 100
mL volumetric flask, 20 mL of methanol were added, stirred for 5 minutes and made up to volume with
methanol. It was filtered using a 0,5 pum filter, collecting the filtrate in a 2,0 mL vial. [32].

Acetaminophen sample: 10,0 mg of the product obtained in each synthesis was weighed into individual 100 mL
flasks, 20 mL of methanol were added, stirred for 5 minutes and the volume was made up with methanol. The
samples were filtered using a 0,5 um filter, collecting the filtrate in a 2,0 mL vial. [32].

The result % of acetaminophen in the portion taken was calculated with the formula:

Result = (AM/AS) X (CS/CM) x 100%

AM: Sample solution peak area.

AS: Standard solution peak area.

CM: Concentration of sample solution.

CS: Concentration of standard solution.

I1l. RESULTS AND DISCUSSION

Effect of microwave and ultrasound assistance on the % yield obtained for acetaminophen.
Table 2 shows the yield results obtained for acetaminophen in the different synthesis methods, highlighting the
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yield averages obtained in three replicates. Yields of 56,5% are reported for conventional synthesis, 88,9% for
microwave-assisted and 80.3% for ultrasound-assisted. The highest yield was obtained in microwave-assisted
synthesis, followed by the excellent performance of ultrasound-assisted. However, the good vyield of the
conventional synthesis is credited because somewhat similar studies found in the literature report a yield of
49,21% [33]. Reaction times were 10 min for conventional synthesis, 5 min for microwave-assisted synthesis,
and 6 min for ultrasound-assisted synthesis. These times were fixed since increasing the reaction times does not
favor the reaction yield.

TABLE 2. % YIELD OBTAINED FOR ACETAMINOPHEN.

Synthesis Replica Ob@ained The(_JreticaI % Performance Average ﬁ?:q?i?]n
methods weight g weight g performance minutes
1 6,4116 11,4493 56,0
Conventional 2 6,5250 11,4474 57,0 56,5 10
3 6,4683 11,4484 56,5
1 10,1907 11,4502 89,0
Microwave 2 10,1765 11,4481 88,0 88,9 5
3 10,2543 11,4506 89,5
1 9,1588 11,4485 80,0
Ultrasound 2 9,2722 11,4471 81.0 80,3 6
3 9,1588 11,4485 80.0

Infrared absorption

Figure 2 shows the infrared spectrum of acetaminophen synthesized by the conventional method and its
respective absorption bands, which are the following: 3170.8, 1650.8, 1553.7, 1509.5, 1436.0, 1430.0, 1367.9,
12445, 1239,1, 1020,3, 1014,8, 835,8, 835,6, 680,0 and 679,1 cm-1. We also observe in figure 3 the infrared
spectrum of the acetaminophen synthesized with the assistance of microwaves with its corresponding absorption
bands; 3178,6, 1649,1, 1559,7, 1506,0, 1436,1, 1434,4, 1367,7, 1246,6, 1238,3, 1020,3, 1014,0, 835,1, 683,1
and 680,5 cm-1. Likewise, Figure 4 reveals the infrared spectrum of the acetaminophen synthesized with the
help of ultrasound with its reference absorption bands; 3178,6, 1649,1, 1559,7, 1506,0, 1436,1, 1434,4, 1367,7,
1246,6, 1238,3, 1020,3, 1014,0, 835,1, 683,1 and 680,5 cm-1. Table 3 shows a band assigned to nitrogen
bonded with hydrogen (NH) at 3172,6 cm-1 and another band assigned to carbon bonded through a double bond
with oxygen (C=0) at 1650,3 cm-1.At 1559,6 and 1505,3 cm-1, it observes two bands associated with an
aromatic functional group, assigned to the carbon-carbon bond with double bonds (C=C). At 1436,5, 1432,8 and
1368,0, cm-1, three bands associated with the functional group (C-H3) and assigned to the union (CH) are
observed. At 12425 and 1239,7 cm-1, we observed two bands associated with a hydroxyl functional group
assigned to the oxygen-hydrogen (OH) bond. At 1019,4, 1015,9 and 801,3 cm-1, we observe three bands
assigned to carbon-nitrogen bonding by a single bond (CN). At 681,5 and 680,7 cm-1, we observe two bands
assigned to the carbon-nitrogen-carbon bond by a single bond (CNC). The absorption bands of the samples were
compared against the absorption bands of the primary standard of acetaminophen, thus corroborating that the
product obtained in the synthesis methods is acetaminophen. Figure 5 shows the infrared spectrum and the
absorption bands of the functional groups belonging to the primary standard acetaminophen molecule,
highlighting that this is a secondary amide which presents assigned bands typical of the molecule.
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Fig. 2Infrared spectrum of acetaminophen synthesized by conventional method
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Fig. 3Infrared spectrum of acetaminophen synthesized by microwave-assisted method
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Fig. 4Infrared spectrum of acetaminophen synthesized by ultrasound-assisted method

i. 3 Z2: STD ACETAMINIFEN —-
03‘:;784 e ,,-~-'~"F"J\—L'*\_ FEN PP e 18:93
—— ' ¥ X i
"5 .-“v"f 4 f) Re
?‘ ;’.,j ! , i f "ii " ;j !
ik v 14yl i
l f’{ W i ff !j 1 "I [ I"j ij-,‘
J | l
(‘v.\ f"' l !
g !
! BRI !
-28.96 : -
4599 3989 200 1000
i !
3172.6, 165@.3, 1559. 6, 1585 143z.8,1242.5, 1015, 9,688, 7= :
Default Region: Z
L l SCan
Lserup | (Copy ] (D07 [ Flai ] G e ]
Fig. 5Infrared spectrum of acetaminophen primary standard

Page | 91



Acetaminophen Synthesis Reaction Performance UsingUItrasound, Microwave, and Conventional Methods

TABLE 3. INFRARED FUNCTIONAL GROUPS.

Family Functional group Band (cm-1) Assignment
Amides RCONHR’ 3172,6 VvNH
(Secondary)

Ketones C=0 1650,3 vC=0

Aromatic : 1559,6 and 1505,3 vC=C

Alkanes C-H3 1436,5, 1432,8 and 3 CH asim
1368,0

Alcohols and Phenols ROH and Phenols 1242,5 and 1239,7 v OH

Nitro compounds aromatic 1019,4, 1015,9 and vCN
801,3

Nitro compounds aromatic 681,5 and 680,7 cnc

V = stress mode asym = asymmetric ¢ = strain mode

Loss by oven drying

In order to guarantee the quality of the acetaminophen, it should not have a humidity greater than 0,5% [32].
Table 4 shows the averages of the results of three replicates of the loss on drying of acetaminophen according to
its synthesis method. These results were satisfactory because none was greater than 0,5%.

TABLE 4. LOSS ON DRYING ACETAMINOPHEN

Synthesis methods Replica % Loss on drying Averagcray"i/;)]glloss on

1 0,3

Conventional 2 0,2 0,3
3 0,3
1 0,2

Microwave 2 0,2 0,2
3 0,3
1 0,2

Ultrasound 2 0,3 0,3
3 0,3

4.4. Purity or titration of acetaminophen by liquid chromatography

With the intention of certifying the quality of acetaminophen, its purity must not be less than 98,0% nor greater
than 102.0% calculated on a dry basis [32]. Table 5 shows the average of three replicates of the % purity of the
acetaminophen obtained in the different synthesis methods. The purity averages obtained in the different
synthesis methods stand out, reporting 90,3% in conventional synthesis, 98,7% for microwave-assisted and
95,3% for ultrasound-assisted. The highest purity was obtained in the microwave-assisted synthesis, followed by
the ultrasound-assisted synthesis and ending with the conventional synthesis, which presented the lowest purity.
%RSD results below 2,0% for all three replicates in each synthesis method ensured method reproducibility.

TABLE 5. % PURITY OF ACETAMINOPHEN.

% Purity
acetaminophen

90,3
90,5 90,3 0,3
90,0
98,8
98,7 98,7 0,2
98,5
95,2
95,5 95,3 0,2
95,2

Synthesis methods Replica Average % | %RSD

Conventional

Microwave

Ultrasound

WIN|P|WIN|P|IW|N|F-
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IV. CONCLUSION

It concludes that the Microwave and ultrasound techniques were used successfully overcoming the conventional
method because they enhanced the yield and purity of acetaminophen synthesis using p-aminophenol and acetic
anhydride. In this research, is evidence that reaction times in the synthesis of acetaminophen would be reduced
by the use of these techniques, which contribute to an improvement in the performance of the reaction. The
results of 56,5% yield and 90,3% purity of acetaminophen, obtained in 10 minutes by conventional synthesis,
were used as a point of comparison for the microwave and ultrasound methods. The improvement obtained in
the parameters reveals that the % yield of the reaction was 88,9% and the purity of 98,7% was possible in 5
minutes of microwave reaction, shortening the time by 50%, increasing the yield by 32, 4%, and the purity at
8,4%. Likewise, there was improve in the yield percentage of 80,3% and a purity of 95,3% in 6 minutes of
reaction in ultrasound, reducing the time by 40%, extending the yield by 23,8%, and the purity to 5,0%.

(1]

[2]

(31

(4]

[5]

[6]
[7]
(8]

(9]
[10]

[11]

[12]

[13]

[14]
[15]
[16]

[17]

[18]

[29]

[20]

[21]

[22]

[23]

REFERENCES

Safiyyah H, Sian T, Binti H, Kan S, Chia PW. Microwave- and ultrasound-assisted heterocyclics synthesis in aqueous media
[Internet]. Green Sustainable Process for Chemical and Environmental Engineering and Science. Elsevier B.V.; 2020. 319-355 p.
Auvailable from: http://dx.doi.org/10.1016/B978-0-12-819542-0.00010-5

Mote Bhagyashree, Patil Anuja, Nikam Amit, Rushikesh Sonawane. A Review: Green Chemistry Importance and applications in
practice Laboratory. Asian J. Research Chem. 2020; 13(6):494-496. doi: 10.5958/0974-4150.2020.00087.5  Available on:
https://ajrconline.org/AbstractView.aspx?P1D=2020-13-6-14

Priyanka M. Patel, Alka A. Patil, Manisha D. Patil, Pinal S. Patil, S.L.Borse. Green Chemistry -An Overview. Asian J. Research
Chem. 6(7): July 2013; Page 705-709. Awvailable on: https://www.ajrconline.org/AbstractView.aspx?PID=2013-6-7-21

Surya Prakash BN Gupta, Neeraj Upmanyu, Gopal Garg. Rising Importance of Green Chemistry in India: A Study. Research J.
Pharm. and Tech. 3(2): April- June 2010; Page 627-628. Available from:
https://rjptonline.org/HTMLPaper.aspx?Journal=Research%20Journal%200f%20Pharmacy%20and%20Technology;PID=2010-3-2-
64

Prajapati PM, Shah T, Shah N, Parmar V, Solanki A. Green Chemistry: A New Way to Prevent Environmental Pollution. Res J Sci
Tech. 2011;3(1):12-6.

Prado-gonjal J, Moran E. Microwave-assisted synthesis of inorganic solids. An Chemistry. 2011;107:129-36.

Microondas - EcuRed [Internet]. [cited 2020 Sep 3]. Available from: https://www.ecured.cu/Microondas

De F, Quimicas C, De La J, Prado P, Directors G, Moran Miguélez E, et al. Universidad complutense de madrid doctoral thesis
synthesis-microwave-assisted-and characterization of inorganic materials (microwave-assisted synthesis and characterization of
inorganic materials) memory to opt for the degree of doctor presented by. 2014.

Yadav AR, Mohite SK. Green chemistry approach for microwave assisted synthesis of some traditional reactions. Asian J Res
Chem. 2020;13(4):261.

Yadav AR, Mohite SK, Magdum CS. Microwave assisted synthesis of some Traditional reactions: Green chemistry approach. Asian
J Res Chem [Internet]. 2020 Aug 21 [cited 2022 May  25];13(4):275-8.  Available  from:
https://ajrconline.org/AbstractView.aspx?P1D=2020-13-4-7

Jadhav AA, Devale RP. Review on Microwave, The General purpose in Microwave Assisted Synthesis for Green Chemistry. Asian
J Res Chem [Internet]. 2022  Apr 9  [cited 2022 May  25];15(2):182-5.  Available  from:
https://ajrconline.org/AbstractView.aspx?P1D=2022-15-2-15

Kavya M, Priya D. Green Chemistry approach for the synthesis of some Benzimidazole derivatives and their Biological Evaluation.
Res J Pharm Technol [Internet]. 2019 Mar 31 [cited 2022 May 25];12(3):1023-30. Available from:
https://rjptonline.org/AbstractView.aspx?PID=2019-12-3-8

Schiel MA, Chopa AB, Silbestri GF, Alvarez MB, Lista AG, Domini CE. Use of Ultrasound in the Synthesis of Heterocycles of
Medicinal Interest. In: Green Synthetic Approaches for Biologically Relevant Heterocycles [Internet]. Elsevier Inc.; 2015 [cited
2020 Sep 5]. p. 571-601. Available from: https://linkinghub.elsevier.com/retrieve/pii/B9780128000700000219

Polo SC. Ultrasonically assisted synthesis of nanostructures of nickel compounds. Bol la Soc Esp Ceram and Vidr. 2013;52(2).
Hernandez-cortez E. Acetaminophen: the most widely used drug in pediatrics. Anest in Mexico. 2016;28(3):1-4.

Castellar-Buelvas J, Troncoso-Palacio A. Using in vitro cholestyramine as an instead of activated charcoal for the treatment of drug
poisoning. Int J Res Eng Sci ISSN [Internet]. 2021 [cited 2022 May 25];9:47-54. Available from: https://www.ijres.org/v9-i9.html
Konidala SK, Penumala A, Mugada VK, Kamala GR. Development and validation of RP-HPLC method for simultaneous
estimation of Paracetamol and Flupirtine Maleate. Asian J Pharm Anal. 2015;5(2):105. https://www.ijper.org/article/194

Pujari AS, Gaikwad NA, Mane | V., Vambhurkar GB, Honmane PP. In-Vitro Evaluation of Different Marketed Brands of
Paracetamol Tablets Using Quality Control Tests. Asian J Pharm Technol [Internet]. 2018 Sep 10 [cited 2022 May 25];8( 3):119—
22. Available from: https://ajptonline.com/AbstractView.aspx?P1D=2018-8-3-2

Vambhurkar GB, Jagtap AM, Gavade AS, Rajput MD, Kambale H V., Kengar MD. Evaluation of five Different Marketed Brands
of Paracetamol Tablets using Quality Control Tests. Asian J Pharm Technol [Internet]. 2018 Nov 3 [cited 2022 May 25];8( 4):227—
30. Available from: https://ajptonline.com/AbstractView.aspx?P1D=2018-8-4-6

Jagtap PN, Chavan PR. Pharmacological Evaluation of Livodac Tablet on Paracetamol induced Hepatotoxicity Models in Wistar
rats. Res J Pharmacol Pharmacodyn [Internet]. 2019 Sep 30 [cited 2022 May 25];11(3):83-8. Available from:
https://rjppd.org/AbstractView.aspx?P1D=2019-11-3-1

Ahmad Zubaidi Bin A. Latif, Mainul Haque, C. Shanmugasundaram, U.S. Mahadeva Rao. Clinical Study of Preventive Potentials
of Consumption of Buah naga [Cactaceae] Against Paracetamol—Induced Hepatotoxicity as well as the Other Associated Biological
Effects. Asian J. Res. Pharm. Sci. 2(1): Jan.-Mar. 2012; Page 16-23. Available  on:
https://ajpsonline.com/AbstractView.aspx?PID=2012-2-1-5

Acetaminophen- ClinicalKey [Internet]. [cited 2020 Sep 5]. Available from: https://www.clinicalkey.es/#!/search/acetaminofen
reacciones adversas

Nguyen Anh Thu. Quantification of Acetaminophen, Caffeine and Ibuprofen in Solid Dosage Forms by UV Spectroscopy coupled
with Multivariate analysis. Asian Journal of Pharmaceutical Analysis. 2021; 11(2):127-2. doi: 10.52711/2231-5675.2021.00022

www.ijeijournal.com Page | 93


http://dx.doi.org/10.1016/B978-0-12-819542-0.00010-5
https://ajrconline.org/AbstractView.aspx?PID=2020-13-6-14
https://www.ajrconline.org/AbstractView.aspx?PID=2013-6-7-21
https://rjptonline.org/HTMLPaper.aspx?Journal=Research%20Journal%20of%20Pharmacy%20and%20Technology;PID=2010-3-2-64
https://rjptonline.org/HTMLPaper.aspx?Journal=Research%20Journal%20of%20Pharmacy%20and%20Technology;PID=2010-3-2-64
https://www.ecured.cu/Microondas
https://ajrconline.org/AbstractView.aspx?PID=2020-13-4-7
https://ajrconline.org/AbstractView.aspx?PID=2022-15-2-15
https://rjptonline.org/AbstractView.aspx?PID=2019-12-3-8
https://linkinghub.elsevier.com/retrieve/pii/B9780128000700000219
https://www.ijres.org/v9-i9.html
https://www.ijper.org/article/194
https://ajptonline.com/AbstractView.aspx?PID=2018-8-3-2
https://ajptonline.com/AbstractView.aspx?PID=2018-8-4-6
https://rjppd.org/AbstractView.aspx?PID=2019-11-3-1
https://ajpsonline.com/AbstractView.aspx?PID=2012-2-1-5

Acetaminophen Synthesis Reaction Performance UsingUItrasound, Microwave, and Conventional Methods

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

Auvailable on: https://ajpaonline.com/AbstractView.aspx?P1D=2021-11-2-12

Rajan V. Rele. Simultaneous UV-Spectrophotometric Estimation of Acetaminophen and Guaiphenesin by Second Order derivative
Method in Combined Pharmaceutical Dosage Form. Asian J. Research Chem. 9(4): April, 2016; Page 177-181. doi: 10.5958/0974-
4150.2016.00028.6 Available on: https://ajrconline.org/AbstractView.aspx?P1D=2016-9-4-4

R. Bhavani, G. Geetha, J. Santhoshkumar, S Rajeshkumar. Evaluation of Antibacterial action and Hepatoprotective efficiency of
Solanum nigrum leaves extract on acetaminophen induced hepatotoxicity. . Research J. Pharm. and Tech. 8(7): July, 2015; Page
893-900. doi: 10.5958/0974-360X.2015.00145.6 Available on: https://rjptonline.org/AbstractView.aspx?P1D=2015-8-7-7

Suma MS, Jamuna KS, Ramesh CK, Mahmood R. Expression of Drug-metabolizing genes and Acetaminophen drug toxicity
studies on 3D scaffold culture of Huh-7 cell line. Res J Pharm Technol [Internet]. 2020 May 30 [cited 2022 May 25];13(5):2399-
2406. Available from: https://indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=13&issue=5&article=061

Khan H, Ali M, Ahuja A, Ali J. Validated UPLC/Q-TOF-MS Method for Simultaneous Determination of Aceclofenac, Paracetamol
and Chlorzoxazone in Human Plasma and its Application to Pharmacokinetic Study. Asian J Pharm Anal. 2017;7(2):93-99.
https://www.indianjournals.com/ijor.aspx?target=ijor:ajpa&volume=7&issue=2&article=007

Singh R, Shukla R. Protective effect of Saccharum officinarum Linn juice in Paracetamol Induced Acute Hepatotoxicity in Albino
Rats. Asian J Pharm Res [Internet]. 2021;11(1):17-22. Available from: https://asianjpr.com/AbstractView.aspx?PID=2021-11-1-5
Maharaja P, Sengottuvel T, Aarthi A, Gopalasatheeskumar K. Review on Antioxidant and Hepatoprotective activity of Medicinal
plants against Paracetamol Induced animal model. Res. J. Pharmacognosy and Phytochem. 2020; 12(2): 114-119. doi:
10.5958/0975-4385.2020.00020.5 Auvailable on: https://ripponline.org/AbstractView.aspx?PID=2020-12-2-10

Selvanayaki R., Ananthi T. Hepatoprotective Activity of Aqueous Extract of Lawsonia Inermis against Paracetamol Induced Rats.
Pharm Res [Internet]. 2012; 2(2):75-717. Auvailable from:
https://indianjournals.com/ijor.aspx?target=ijor:ajpr&volume=2&issue=2&article=007

Caglieri, Silvana C, & Macafio, Héctor R. (2016). Aliphatic and Aromatic Amines Acetylation: Theoretical Study. Informacién
tecnolégica, 27(2), 105-110. https://dx.doi.org/10.4067/S0718-07642016000200013

Official Monographs of USP 40. In: Pharmacopoeia of the United States of America National Form USP 40 NF 40th ed. 2017. p.
2784.

School of Chemical Sciences. Chemical and computational study of acetaminophen. Dissertation prior to obtaining the degree
degree in Chemical Sciences with mention in Analytical Chemistry. Morocho Pangul, Shirley. 2017. Available from:
http://repositorio.puce.edu.ec/handle/22000/13213

www.ijeijournal.com Page | 94


https://ajpaonline.com/AbstractView.aspx?PID=2021-11-2-12
https://ajrconline.org/AbstractView.aspx?PID=2016-9-4-4
https://doi.org/10.5958/0974-360X.2015.00145.6
https://rjptonline.org/AbstractView.aspx?PID=2015-8-7-7
https://indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=13&issue=5&article=061
https://www.indianjournals.com/ijor.aspx?target=ijor:ajpa&volume=7&issue=2&article=007
https://rjpponline.org/AbstractView.aspx?PID=2020-12-2-10
https://indianjournals.com/ijor.aspx?target=ijor:ajpr&volume=2&issue=2&article=007
https://dx.doi.org/10.4067/S0718-07642016000200013
http://repositorio.puce.edu.ec/handle/22000/13213

