PIONEER

ACADEMIC PUBLISHING LIMITED

Current Research in Medical Sciences
ISSN 2958-0390
www.pioneerpublisher.com/crms
Volume 4 Number 5 November 2025

Metabolism of Some Drugs Which Contain Carbonyl
Group Make It Stereogenic Drug by Reductase

Enzyme

Rezk R. Ayyad?, Yasser Abdel Allem Hassan?, Ahmed G. El-Dahshan?, Mennah G. El-Dahshan?,

Sherif G. El-Dahshan’® & Ahmed R. Ayyad*

! Pharmaceutical Medicinal Chemistry Department, Faculty of Pharmacy, Hilla University,

Babylon, Iraq

2 Pharmaceutics and Pharmaceutical Technology Department, Faculty of Pharmacy, Al-Kitab

University, Kirkuk, Iraq
3 Ministry of Health, Arab Republic of Egypt

¢ Faculty of Medicine, Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan
Correspondence: Rezk R. Ayyad, Pharmaceutical Medicinal Chemistry Department, Faculty of

Pharmacy, Hilla University, Babylon, Iraq.

doi:10.56397/CRMS.2025.11.01

Abstract

The metabolism is biotransformation refers to the processes by which the body chemically alters
drugs, transforming them into different chemical compounds called metabolites. One of these
processes is reduction of the drugs by reductase enzyme which add hydrogen to the compound, e.g.
acetohexamide (oral hypoglycemic drug), loxoprofen (analgesic), haloperidol (antipsychotic drug),
oxisuran (immunosuppressive agent), bupropion (antidepressant drug). All of these drugs contain a
carbonyl group, which is reduced by reductase enzyme and converted into a chiral carbon, which

makes the drug stereogenic.
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1. Introduction

The metabolism of a drug may convert the
inactive drug to an active drug, pro-drug to an
active drug, active drug to a more active drug...
etc.

Stereochemistry of a drug is an arrangement of
atoms and groups of the molecules (Drugs) in
space, which is an important factor in
determining how the drug interacts with various
biological molecules (Enzymes, receptors, etc.)

that it encounters in the body.

Acetohexamide is a sulfonylurea used to treat
diabetes that undergoes metabolism by the
reductase enzyme, which reduces the carbonyl
group and makes it more active via this enzyme.

Loxoprofen is a prodrug, meaning it is inactive
until metabolized in the body, the primary
metabolic pathway by reductase enzyme, which
converts the carbonyl group to a secondary
alcohol. This metabolite is responsible for the
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therapeutic effects of loxoprofen.

Haloperidol is an antipsychotic drug that
contains a carbonyl group, which is reduced by
reductase enzyme and makes it a stereogenic
drug ie, contains a chiral carbon after
metabolism.

Oxisuran is an immunosuppressive drug; one of
the metabolic pathways of this drug is reduction
reactions, which convert the carbonyl group to a
chiral carbon, where it contains a chiral carbon
attached to the compound, resulting in a
diastereoisomeric drug.

Bupropion is metabolized in the body by a
reductase enzyme, which reduces the carbonyl

group and plays a role in forming
erythrohydrobupropion and
threohydrobupropion, which  are also

pharmacologically active, and these metabolites
make the compound easily excreted after
glucuronidation in phase II metabolism.

From the previous introduction, the metabolism
of the carbonyl group of some drugs through
reduction by a reductase enzyme makes the
drug stereogenic and may increase the activity
of the drug, and the conversion of the carbonyl
group into a secondary alcohol makes the drugs
more easily excreted due to the presence of a
hydroxyl group, which combines with
glucuronic acid in the body (glucuronidation)
and is excreted through the kidney.

N. b. Drug metabolism often converts drugs
into more water-soluble forms and excretes
them by the kidney, which prevents the drugs
from building up in the body to toxic
concentrations. The liver is the primary site of
drug metabolism, where it contains enzymes
like cytochrome P450.

2. Pharmacology and Chemistry
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Acetohexamide:

Acetohexamide is a first-generation sulfonylurea
drug used to treat type 2 diabetes. It works by
stimulating the pancreas to release insulin and
enhancing the body’s response to insulin. The
primary active metabolite is hydroxyhexamide,
which reduced in the liver, the
hydroxyhexamide (the metabolite of

acetohexamide) is more potent than
acetohexamide X2; this metabolite becomes
more easily excreted than the potent drug.

Loxoprofen:
o
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Loxoprofen is a prodrug metabolized in the liver
by carbonyl reductase enzyme to its active
trans-alcohol metabolite and inactive cis alcohol
metabolite of loxoprofen a prodrug when
metabolized by reductase enzyme, which
convert into the active metabolite, which gives
the therapeutic effect as analgesic and
anti-inflammatory and the hydroxyl group
makes the metabolite easily excreted from the
body.

Haloperidol:
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Haloperidol is an antipsychotic drug that acts on
dopamine D2  receptors, resulting in
extrapyramidal symptoms such as muscle
rigidity and dystonia. Haloperidol blocks
dopamine D2 receptors in the brain and exerts
its antipsychotic action, where it manages the

symptoms  of  schizophrenia, including
hallucinations and delusions.
Haloperidol is metabolized by reductase

enzyme, which converts the carbonyl group into
a secondary alcohol, which makes the
metabolite easily excreted from the body and
prevents its accumulation in the body.

Oxisuran:
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Oxisuran is an immunosuppressant drug that
undergoes metabolism through a reduction
reaction, which converts the carbonyl group to a
secondary alcohol and may be further oxidized
to oxisuran alcohol sulfon. This metabolic
pathway makes the drug easily excreted from
the kidneys.

Bupropion:
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Bupropion is an antidepressant that works
primarily as a norepinephrine and dopamine
reuptake inhibitor. It is also used as a
non-nicotine treatment for nicotine dependence.

Bupropion is extensively metabolized in the
liver, with cytochrome being the major enzyme
responsible for its initial metabolism to form the
active metabolite hydroxybupropion. Other
active metabolites, threohydroxybupropion and
erythrohydroxybupropion, are formed through
a non-CYP-mediated pathway.

Hydroxybupropion (Threo and Erythro) is all
pharmacologically active with varying potencies
compared to the parent drug
hydroxybupropion, which is considered a major
contributor to bupropion’s overall
pharmacological activity due to its higher
plasma levels.

3. Conclusion

Drug activity, stereochemistry, and elimination
are all significantly improved by the metabolic
alteration of medicines by the reduction of
carbonyl groups by reductase enzymes. Chiral
centers are commonly formed as a result of this
biotransformation, = producing  stereogenic
medications with potentially distinct
pharmacological profiles and better therapeutic
results.

Acetohexamide, loxoprofen, haloperidol,
oxisuran, and bupropion are examples of drugs
that show how reductase enzymes change
carbonyl-containing substances into secondary
alcohols, frequently producing metabolites that
are more active or pharmacologically relevant.
For example, trans-alcohol (from loxoprofen)
and hydroxyhexamide (from acetohexamide)
are more potent than their parent molecules,
whereas haloperidol and oxisuran undergo

stereoselective metabolism, producing
metabolites that are easier to excrete.
Stereospecific ~ metabolites of  bupropion,

including erythro- and threohydrobupropion,
play a major role in overall antidepressant effect.

Furthermore, the presence of hydroxyl groups in
these metabolites enhances water solubility,
facilitating phase II conjugation reactions such
as glucuronidation, and ultimately renal
excretion, reducing the risk of drug
accumulation and toxicity. The liver, being the
central organ of metabolism, orchestrates these
processes via a network of enzymatic pathways
including cytochrome P450s and non-CYP
reductases.

In conclusion, reduction of carbonyl groups by
reductase enzymes not only contributes to the
stereochemical complexity of drugs but also
plays a crucial role in determining their
pharmacodynamic and pharmacokinetic
behavior, emphasizing the importance of
stereochemistry in drug metabolism and
therapeutic efficacy.

References

A Ibrahim, HM Sakr, RR Ayyad and MM
Khalifa. (2022). Design, Synthesis, In-Vivo
Anti-Diabetic Activity, In-Vitro
a-Glucosidase Inhibitory Activity and
Molecular Docking Studies of Some
Quinazolinone Derivatives. ChemistrySelect,
7(14), €202104590.

AA El-Helby, MK Ibrahim, AA Abdel-Rahman,
RRA Ayyad and MA Menshawy, et al.
(2009). Synthesis, molecular modeling and
anticonvulsant activity of benzoxazole
derivatives. Al-Azhar | Pharm Sci, 40,
252-270.

AA FElhelby, RR Ayyad and MF Zayed. (2011).
Synthesis and biological evaluation of some
novel quinoxaline derivatives as

anticonvulsant agents.
Arzneimittelforschung, 61(07), 379-381.

AAM Abdel-Aziz, AS El-Azab, AM Alanazi, YA
Asiri and IA Al-Suwaidan, et al. (2016).
Synthesis and potential antitumor activity
of 7-(4-substituted
piperazin-1-yl)-4-oxoquinolines based on
ciprofloxacin and norfloxacin scaffolds: in
silico studies. Journal of Enzyme Inhibition
and Medicinal Chemistry, 31(5), 796-809.

AGA El-Helby, H Sakr, RR Ayyad, HA Mahdy,
MM Khalifa and A Belal, et al. (2022).



_momusCurrent Research in Medical Sciences

Design, synthesis, molecular modeling, in
vivo studies and anticancer activity
evaluation of new phthalazine derivatives
as potential DNA intercalators and
topoisomerase II inhibitors. Bioorganic
chemistry, 103, 104233.

AGA El-Helby, H Sakr, RRA Ayyad, K El-Adl,

MM Ali and F Khedr. (2018). Design,
synthesis, in vitro anti-cancer activity,
ADMET profile and molecular docking of
novel triazolo [3, 4-a] phthalazine
derivatives targeting VEGFR-2 enzyme.
Anti-Cancer Agents in Medicinal Chemistry,
18(8), 1184-1196.

AGA El-Helby, RR Ayyad, HM Sakr, AS

Abdelrahim, K El-Adl, and FS Sherbiny, et
al. (2017). Design, synthesis, molecular
modeling and biological evaluation of novel
2, 3-dihydrophthalazine-1, 4-dione
derivatives as potential anticonvulsant
agents. Journal of Molecular Structure, 1130,
333-351.

AGA El-Helby, RRA Ayyad, H Sakr, K El-Ad],

MM Ali and F Khedr. (2017). Design,
synthesis, molecular docking, and
anticancer  activity =~ of  phthalazine
derivatives as VEGFR-2 inhibitors. Archiv
der Pharmazie, 350(12), 1700240.

AGA El-Helby, RRA Ayyad, K El-Adl and A

Elwan. (2017). Quinoxalin-2(1H)-one
derived AMPA-receptor antagonists:
Design, synthesis, molecular docking and
anticonvulsant activity. Medicinal Chemistry
Research, 26, 2967-2984.

AGA El-Helby, RRA Ayyad, K El-Adl and H

Elkady. (2018). Phthalazine-1, 4-dione
derivatives as non-competitive AMPA
receptor antagonists: design, synthesis,
anticonvulsant evaluation, ADMET profile
and molecular docking. Molecular diversity,
23, 283-298.

AGA El-Helby, RRA Ayyad, K El-Adl, H Sakr,

AA Abd-Elrahman and IH FEissa, et al.
(2016). Design, molecular docking and
synthesis of some novel
4-acetyl-1-substituted-3,4-dihydroquinoxali
n-2(1H)-one derivatives for anticonvulsant
evaluation as AMPA-receptor antagonists.
Medicinal Chemistry Research, 25, 3030-3046.

AGA El-Helby, RRA Ayyad, MF Zayed, HS

Abulkhair, H Elkady and K EI-Adl. (2019).
Design, synthesis, in silico ADMET profile

and GABA-A docking of novel phthalazines
as potent anticonvulsants. Archiv Der
Pharmazie, 352(5), 1800387.

AM Alaa, AS El-Azab, LA Abou-Zeid, KEH
ElTahir and NI Abdel-Aziz, et al. (2016).
Synthesis, anti-inflammatory, analgesic and
COX-1/2 inhibition activities of anilides
based on 5, 5-diphenylimidazolidine-2,
4-dione scaffold: molecular docking studies.
European Journal of Medicinal Chemistry, 115,
121-131.

AM Alaa, LA Abou-Zeid, KEH ElTahir, RR
Ayyad, AA Magda and AS El-Azab. (2016).
Synthesis, anti-inflammatory, analgesic,
COX-1/2 inhibitory activities and molecular
docking studies of substituted
2-mercapto-4(3H)-quinazolinones. European
Journal of Medicinal Chemistry, 121, 410-421.

AM Alanazi, AAM Abdel-Aziz, TZ Shawer, RR
Ayyad and AM Al-Obaid, et al. (2016).
Synthesis, antitumor and antimicrobial
activity of some new
6-methyl-3-phenyl-4(3H)-quinazolinone
analogues: in silico studies. Journal of
Enzyme Inhibition and Medicinal Chemistry,
31(5), 721-735.

AS El-Azab, AM Alaa, RR Ayyad, M Ceruso and
CT Supuran. (2016). Inhibition of carbonic
anhydrase isoforms I, II, IV, VII and XII
with  carboxylates and sulfonamides
incorporating phthalimide/phthalic
anhydride scaffolds. Bioorganic & Medicinal
Chemistry, 24(1), 20-25.

Ayyad, Rezk R,, et al. (2024). Overview on Some
Drugs Act on DNA and RNA Other than
Anti-Viral Drugs—The Direct
Cholinomimetics and Cholinergic Blocking
Agents Depend on Stereo Specificity of
Cholinergic Receptors. Current Research in
Medical Sciences, 3(3), 20-27.

Ayyad, Rezk R. et al. (2024). The Direct
Cholinomimetics and Cholinergic Blocking
Agents Depend on Stereo Specificity of
Cholinergic Receptors. Current Research in
Medical Sciences, 3(2), 1-7.

E Nassar, YA El-Badry, AMM Eltoukhy and RR
Ayyad. (2016). Synthesis and
Antiproliferative Activity of
1-(4-(1H-Indol-3-Y1)-6-(4-Methoxyphenyl)
Pyrimidin-2-yl) Hydrazine and Its Pyrazolo
Pyrimidine = Derivatives. = Med  chem
(LosAngeles), 6, 224-233.



_momusCurrent Research in Medical Sciences

H M Sakr, R R Ayyad, K Mahmoud, A M
Mansour and G Ahmed. (2021). Design,
Synthesis of Analgesics and Anticancer of
Some New Derivatives of Benzimidazole.
International Journal of Organic Chemistry,
11(03), 144-169.

H Mahdy, M Shaat. (2022). Recent Advances in
Drugs Targeting Protein Kinases for Cancer
Therapy. Al-Azhar Journal of Pharmaceutical
Sciences, 66(2), 56-86.

H Sakr, I Otify, RR Ayyad and A Elwan. (2023).
Vegfer-2 Inhibitors and Quinazoline-Based
Anticancer Agents. Al-Azhar Journal of
Pharmaceutical Sciences, 68(2), 111-129.

H Sakr, RR Ayyad, AA El-Helby, MM Khalifa
and HA Mahdy. (2021). Discovery of novel
triazolophthalazine derivatives as DNA
intercalators and  topoisomerase  1I
inhibitors. Archiv der Pharmazie, 354(6),
2000456.

IA Al-Suwaidan, AAM Abdel-Aziz, TZ Shawer,
RR Ayyad and AM Alanazi, et al. (2015).
Synthesis, antitumor activity and molecular
docking study of some novel 3-benzyl-4
(3H) quinazolinone analogues. Journal of
enzyme inhibition and medicinal chemistry,
31(1), 78-89.

IA Osman, RR Ayyad and HA Mahdy. (2022).
New pyrimidine-5-carbonitrile derivatives
as EGFR inhibitors with anticancer and
apoptotic activities: design, molecular
modeling and synthesis. New Journal of
Chemistry, 46(24), 11812-11827.

IH Eissa, AM Metwaly, A Belal, ABM Mehany,
RR Ayyad and K EI-Adl, et al. (2019).
Discovery and antiproliferative evaluation
of new quinoxalines as potential DNA
intercalators and  topoisomerase  II
inhibitors. Archiv der Pharmazie, 352(11),
1900123.

K El-Adl, AGA El-Helby, H Sakr, RR Ayyad, HA
Mahdy and M Nasser, et al. (2020). Design,
synthesis, molecular docking, anticancer
evaluations, and in silico pharmacokinetic
studies of novel 5-[(4-chloro/2,4-dichloro)
benzylidene] thiazolidine-2,4-dione
derivatives as VEGFR-2 inhibitors. Archiv
der Pharmazie, 354(2), 2000279.

K El-Adl, AGA El-Helby, RR Ayyad, HA Mahdy,
MM Khalifa and HA Elnagar, et al. (2020).
Design, synthesis, and anti-proliferative
evaluation of new quinazolin-4 (3H)-ones as

potential VEGFR-2 inhibitors. Bioorganic &
Medicinal Chemistry, 29, 115872.

M Al Ward, AE Abdallah, M Zayed, R Ayyad
and M  El-Zahabi. (2024). New
immunomodulatory anticancer
quinazolinone based thalidomide analogs:
Design, synthesis and biological evaluation.
Future Med Chem, 16(23), 2523-2533.

M Salem, R Ayyad and H Sakr. (2022). Design
and Synthesis of Some New Oxadiazole
Derivatives  as  Anticancer = Agents.
International Journal of Organic Chemistry,
12(02), 64-74.

MA Mohamed, RR Ayyad, TZ Shawer, AM
Alaaand AS El-Azab. (2016). Synthesis and
antitumor evaluation of trimethoxyanilides
based on 4 (3H)-quinazolinone scaffolds.
European Journal of Medicinal Chemistry, 112,
106-113.

MF Zayed, RR Ayyad. (2012). Some novel
anticonvulsant  agents derived from
phthalazinedione. Arzneimittelforschung,
62(11), 532-536.

MK Ibrahim, AA Abd-Elrahman, RRA Ayyad, K
El-Adl and AM Mansour, et al. (2013).

Design and synthesis of some novel
2-(3-methyl-2-oxoquinoxalin-1

(2H)-y1)-N-(4-(substituted) phenyl)
acetamide  derivatives for  biological

evaluation as anticonvulsant agents. Bulletin
of Faculty of Pharmacy, Cairo University, 51(1),
101-111.

MK Ibrahim, AEA El-Helby, AH Ghiaty, AH
Biomy and AA Abd-El Rahman, et al.
(2009). Modeling, Synthesis and
Antihyperglycemic  Activity of Novel
Quinazolinones Containing Sulfonylurea. J.
Biol. Pham. Sci., 7(1).

MM Khalifa, HM Sakr, A Ibrahim, AM Mansour
and RR Ayyad. (2022). Design and synthesis
of new benzylidene-quinazolinone hybrids
as potential anti-diabetic agents: In vitro
a-glucosidase inhibition, and docking
studies. Journal of Molecular Structure, 1250,
131768.

MMS Al Ward, AE Abdallah, MF Zayed, RR
Ayyad and MA El-Zahabi. (2024). Design,
synthesis and biological evaluation of
newly triazolo-quinoxaline based potential

immunomodulatory anticancer molecules.
Journal of Molecular Structure, 1298, 137041.

R Ayyad, H Sakr and A Gaafer. (2022). Design



_momusCurrent Research in Medical Sciences

and Synthesis of New Compounds Derived
from Phenyl Hydrazine and Different
Aldehydes as  Anticancer = Agents.
International Journal of Organic Chemistry,
12(1), 28-39.

R Ayyad. (2012). Synthesis and Biological
Evaluation of Novel Iodophthalazinedione
Derivatives as Anticonvulsant Agents.
Al-Azhar Journal of Pharmaceutical Sciences,
45(1), 1-13.

R Ayyad. (2014). Synthesis and Anticonvulsant
Activity of 6-lodo  Phthalazinedione
Derivatives. Al-Azhar Journal of
Pharmaceutical Sciences, 50(2), 43-54.

RA Ayyad, HM Sakr and KM El-Gamal. (n.d.).
Design, Synthesis, Computer Modeling and
Analgesic  Activity of Some New
Disubstituted Quinazolin-4 (3H)-ones. Med.
Chem, 6(5), 299-305.

RR Ayyad, AM Mansour, AM Nejm, YAA
Hassan and AR Ayyad. (2024). Stereo
Selectivity of Histaminic Receptors Play an
Important Role of Anti-histaminic Activity.
Current Research in Medical Sciences, 3(1),
10-17.

RR Ayyad, AM Mansour, AM Nejm, YAA
Hassan, AR Ayyad. (2025). Esterification of
many drugs causes its prolonged action due
to increase lipid solubility and store in fatty
tissues. Current Research in Medical Sciences,
4(2), 10-15.

RR Ayyad, AM Nejm and AR Ayyad. (2023). The
Activity of Some Antibiotics Depend on
Stereochemistry of Them (Its Structure).
Journal of Progress in Engineering and Physical
Science, 2(2), 5-7.

RR Ayyad, AM Nejm and AR Ayyad. (2023). The
Isomers of Some Drugs One Effective and
the Other is Toxic or Ineffective. Current
Research in Medical Sciences, 2(2), 58-62.

RR Ayyad, AM Nejm, ELT Elbahat, AM Elnagar
and MA Aljazar, et al. (2023). The
Configuration = of  Some  Hormonal
Compounds Play an Important Role in
Pharmacological Action (Agonist,
Antagonist, Active, More Active). Journal of
Progress in Engineering and Physical, 2(3).

RR Ayyad, AM Nejm, YAA Hassan and AR
Ayyad, et al. (2024). Repair of Destroyed
Liver Cells or Protection Liver Cells from
Destruction by Silymarin and Minor
Concentration of Vitamin E and Vitamin K.

Journal
Physical.

RR Ayyad, AM Nejm, YAA Hassan and AR
Ayyad. (2023). Mechanism of Action of
Many Drugs Depend on Enzyme Inhibition.
Current Research in Medical Sciences, 2(4), 1-9.

RR Ayyad, AM Nejm, YAA Hassan and AR
Ayyad. (2023). The Lipid Solubility of Most
Drugs Play Important Role of Its
Pharmacological Action and Duration of
Action. Journal of Progress in Engineering and
Physical Science, 2(4), 1-6.

RR Ayyad, AM Nejm, YH Abdelaleem and AR
Ayyad. (2023). Hydrophobicity, Transport
and Target Sites of Action Are Important for
the Activity of Many Drugs. Current
Research in Medical Sciences, 2(3), 15-19.

RR Ayyad, HM Sakr, KM El-Gamal, IH Eissa, A
HA, AS Tita and FF Sherbini, et al. (2017).
Anti-Inflammatory, Proton Pump Inhibitor
and Synthesis of Some New Benzimidazole
Derivatives. Der Chemica Sinica, 8(1), 184-97.

RRA Ayyad, H Sakr and K El-Gamal. (2016).
Synthesis, modeling and anticonvulsant
activity of some phthalazinone derivatives.
American Journal of Organic Chemistry, 6(1),
29-38.

T Al-Warhi, AM El Kerdawy, N Aljaeed, OE
Ismael and RR Ayyad, et al. (2020).
Synthesis, biological evaluation and in silico
studies of certain  oxindole-indole
conjugates as anticancer CDK inhibitors.
Molecules, 25(9), 2031.

T Al-Warhi, H Almahli, RM Maklad, ZM
Elsayed and MA El Hassab, et al. (2023).
1-Benzyl-5-bromo-3-hydrazonoindolin-2-on
es as Novel Anticancer Agents: Synthesis,
Biological Evaluation and Molecular
Modeling Insights. Molecules, 28(7), 3203.

WM Eldehna, MF Abo-Ashour, T Al-Warhi, ST
Al-Rashood and A Alharbi, et al. (2021).
Development of
2-oxindolin-3-ylidene-indole-3-carbohydraz
ide derivatives as novel apoptotic and
anti-proliferative agents towards colorectal
cancer cells. Journal of Enzyme Inhibition and
Medicinal Chemistry, 36(1), 320-329.

WM Eldehna, R Salem, ZM Elsayed, T Al-Warhi,
HR Knany and RR Ayyad, et al. (2021).
Development of novel benzofuran-isatin
conjugates as potential antiproliferative
agents with apoptosis inducing mechanism

of Progress in Engineering and



_momusCurrent Research in Medical Sciences

in Colon cancer. Journal of Enzyme Inhibition
and Medicinal Chemistry, 36(1), 1423-1434.

WM Eldehna, SM Abou-Seri, AM El Kerdawy,
RR Ayyad and AM Hamdy, et al. (2016).
Increasing the binding affinity of VEGFR-2
inhibitors by extending their hydrophobic
interaction with the active site: Design,
synthesis and biological evaluation of
1-substituted-4-(4-methoxybenzyl)
phthalazine derivatives. European Journal of
Medicinal Chemistry, 113, 50-62.



