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Bioactive compounds are experiencing a

growing interest in wide range of applications:

geo-medicine

- plant science

-  modern pharmacology

- agrochemicals cosmetics
- food industry

- nano bio-science

- elc

Copy right from:https://www.omicsonline.org/scholarly/bioactive-compound-
journals-articles-ppts-list.php



The organic
chemistry of
important classes
of drugs and
bioactive natural
products



sAntibiotics/
Antimicrobial Agents
sAntiparasitic Agents

Natural Produc

*Drug Design : *Antifungal Agents
eReseptors - Drug Actio -Antimycobacterial

Drug Metabolism ~ Agents
Anticancer Agents

-Anti\i\\iﬁgl Agents
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Study of Drugs / Bioactive Compounds

eNatural Products / Natural Product Derivatives
Random testing, serendipity*

«Screening of Libraries
’(Rational) Drug DESign (1. mentioned SciFinder 1970, most papers after 1990)

«Screening/Design/Serendipity

- .. *Activity L
*Design/Structure Optimisation —-  «Toxicity invitro |
*Actual Drug -Bioavailability | v/VO &nimais

«Metabolism in vivo humans
Properties - Resistance

- New diseases (Aging, life style)
- Less tollerance for side effects



Before 1800: Plants, plant extracts, inorganic material
1805: Morphine isolated from opium (sructure proposed 1935, prooved by synth. 1952)

1828: First organic synthesis (urea)

1840-1850: First synthesized org. compds used in medicine: CHCI;, Et,O anestechia)

Ex of early synthetic drugs:
Choral hydrate (sleeping pill) 1869
Acetyl salicylic acid synth 1853, clin trials 1893
Phenazone synth 1884
Benzocaine 1902
Prontocil 1932 Ex of early isolated nat. prod.
Quinine ca 1825
Digitoxin 1841 (structure 1928)
Traditional medicine Salicylic acid, antipyretic 1875
Screening Cocaine isol. 1860, local anestethic 1884
Serendipity Benzylpenicillin 1941



Natural Products

*Only source of drugs before last part of 19th century
«Antibiotics 1940 - 1960

*Cyclosporin (immunomodulator) isolated from

soil fungus Hardangervidda 1971

*Taxol isolated 1960s, approved drug USA 1992



Natural Products

Sources
1. Microorganisms (bacteria, fungus) - Antibiotics

2. Higher plants, ex. morphine, quinine, taxol
3. Sponges (polycellular “animals’, no real organs or cell tissue)

ex. agelasines
No immune system, produce their own antibiotics as defence
Secondary metabolites with great structural diversity,

stereochemistry!
Secondary metabolites have no known metabolic role in cells

Three main classes: alkaloids, terpenoids, phenolics

4. Higher animals, fewer examples, epibatidine from

South American tree frog
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Principle of Metabolism

¥

Specific Metabolism

et

Xenobiotic Metabolism

\ 4

Mechanism of Cell response
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(Principle of Metabolism

Frotens, polysaccharides and fats

w w -
Amino acids, monosaccharides, fathy acids

AcebtylTol

=

.-'-_---
e -
— B . - ADP
T Citrie” ™ o ylaln” P _
{ acid ! Oxidative

I'k cycle A phosphorylation
x‘“*-?—-w’”"r H"" MADH = R‘-h ATP

Copyright from: http://science.crru.ac.th/biology/images/PDF/MicroEco/MicroEco-05.pdf
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Life and Energy

Fans generate 7 Megajoules per hour at 50mph EACH

Car uses 27 kWhr(18 megajoules) to drive for an hour at 50 Mile Per Hour

Free energy for LIFE

TROLLETYTD.com Copyright from hitp://www trollbrain.com
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Energy

Renewable Energy Non-Renewable Energy
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Units of Energy

Joule (J) = wduilFlumsindoudenna 1 Kg Wadoudi'll1d

<3
Wuszeznia 1 M

J = - —N-m=Pa-m®° =W-s

g2

N (newton), m(metre), Kg(kilogram), s (second), Pa
(Pacal), and W (watt)

CalOry (Cal) = wdanuandeniiildihmile 1 nfuiiildeamngd

Yo 1 ndumuay 1 esrsaies 1 cal= 4.12 J

* mm@ &1 C wiusilng) Iawninu 1000 cal

* sniu 1 Cal = 1000 cal = 1 kcal



Units of Energy

The Calories in these tems could:
Cap e riait Frome
e - Sl A man  Elasopet moime s
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Ad plece of cheasry
cheesecake

SOl How Sl W s

Living cells unavoidably convert organized forms of
energy to heat




Basal Metabolic Rate (BMR)

Main Factors | Ithsiml Activity
] lThermir: effect of food

Gender

I ‘ Aéa
Edited by ERawit Threenet Other Factors . =
= Size and Body Composition




Body-Mass Index (BMI)
Waist-to-Height Ratio (WHIR)
Basal Metabolic Rate (BMR)
Body Fat & Surface Area
Willoughby Ideal Weight & Waist

Enter vour weight (in Ibs), height (in feet and inches), waist (in
inches), sex and age. Then, press the Calculate! button.

Weight [150 Ibs
: Height |5 ft
Basal metabolicrate = =

Sex Male N |

Age 50 ;,‘rs
Calculate!
Body-Mass Index (BMI) 216 | kg/m?
Waist-to-Height Ratio (WHIR) 486 | %
BodvFat (203 %
Basal Metabolic Rate (BMR) (1555 | kcals/day

Surface Area [1.82 'm~

Willoughby Athlete Weight 180

. Copyright from
Willoughby Athlete Waist |32.1 |n http://home {use.net/clumer/bmdt/
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-~ LOW-CALORIE
FOODS -

@ & >

Cucumber Lettuce Broccoli Celery
15 cals 13 cals 33 cals 15 cals
= o @ ¢
Bell Pepper Strawberries  Watermelon Tomato
33 cals 34 cals 35 cals 18 cals
T oA P
{ ﬂ ( %-!"_ i‘
Pineapple Lemon Honey melon Peach

50 cals 23 cals 35 cals 39 cals
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Thermal

effect
of food
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Form of energy

« Kinetic energy Is energy associated with motion

 Heat (thermal energy) is kinetic energy
assoclated with random movement of atoms or
molecules

« Potential energy Is energy that matter possesses
because of its location or structure

 Chemical energy Is potential energy available
for release in a chemical reaction

* Energy can be converted from one form to another

© 2011 Pearson Education, Inc.



Energy
source

Form of energy

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Gravitational
potential energy
i
= 2
h = Kinetic
energy
Heat
Y




“““Ativer has more potential Diving converts

energy on the platform potential energy to
- than in the water, Kinetic energy.

Climbing up converts the kinetic A diver has less potential
energy of muscle movement energy in the water
to potential energy. than on the platform.

© 2011 Pearson Education, Inc.


Presenter
Presentation Notes
Figure 8.2 Transformations between potential and kinetic energy.


The Laws of Thermodynamics
1. ngouSnrinasau
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Q
Heat Transfer
W
Work

State 1 E = Intemal Energy

St
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\ Chemical

(, energy

(a) First law of thermodynamics (b) Second law of thermodynamics

®2011 Pearson Education, Inc,

The evolution of more complex organisms does not
violate the second law of thermodynamics


Presenter
Presentation Notes
Figure 8.3 The two laws of thermodynamics.
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Entropy (dlsorder) may decrease In an organism, but the
universe’s total entropy increases




* More free energy (higher G)
* Less stable
* Greater work capacity

« Less free energy (lower G)
* More stable
« Less work capacity

@ Gravitational motion. Objects (0) © Chemical reaction. In a
move spontaneously from a Diffusion. Molecules cell, a .
higher altitude to a lower one. in a drop of dye diffuse broken down into simpler

ntil they are randomly dispersed.
u ey are randomly dispersed. -\~ o

Copyright from Pearson Education Inc. publishing as Benjamin Cummings



Metabolism
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Bioenergetics
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Metabolic Pathways

A metabolic pathway begins with a specific molecule
and ends with a product

Each step Is catalyzed by a specific enzyme

- Enzyme 1 Enzyme 2 Enzyme 3
f——t——c——— 0
" Reaction 1 Reaction 2 Reaction 3
Starting Product

molecule

© 2011 Pear

© 2011 Pearson Education, Inc.



Copyright from
http://en.wikipedia.ovg/wiki/Metabolic

_patways
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Glucuronate

ISucmﬂc

Metabolic pathway

ATP ADP | Adenosine
AMP —

dATP dADP Adenine

GTP GDP | Guanosine
GMP _

dGTP | dGOP Guaning

Methionine |
Cysieine

Tryplophan
Threcning

pt
Ribulose-5F

Lactosa

Fruciose

Galactose I

Lysine

Succinate

Oxaloacetate

Pyruvate H Acetyl-Cod

I Cellulass ﬁ Glucose-1P

Amylose

Glycogen

Glucose-6P MFruciose-6P e GAD-3P

Vitamin B12

2-oxo glutarate

Chilorophyl

Haemaglobin

Cytochromes

Glucosamine
Chitim

Lactate

Ethanaol

IGI-;::i*‘ne H Seninea H:"ﬁlﬂn ne

Glutamine

|GILtﬁ mat&H Proline |

Iso-laucina

A
Threonine =

' frginne I.ﬁ.ﬁpur'.all-_' Uracil ute Cylosine] CTP

Thymine] a1TP || cor | dcte




Types of Metabolism

Anabolism

I aaAa AN a X ! A v ¢ A
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msniinasnugawan adenosine triphosphate (ATP)

The synthesis of protein from amino
acids Is an example of anabolism



Types of Metabolism

Catabolism

S anAa AA A ¢§' ! A = a ~

Wl gnseuasnnavulusresmenimisaasas aanlasuamwainasi
= 1 YA [
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Cellular respiration, the breakdown of glucose
In the presence of oxygen, Is an example of a
pathway of catabolism
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Krebs Cycle connects the catabolic and anabolic pathways

Glucose

I
(glycolysis)
Glycerc| -4—» Phnsphﬂgly::eraldehyde
(PGAL)

\

Pyruvic acid -4+— Gly, Ser, Ala, Cys

Falty acids s4—-Acetyl-CoA-#-Phe, Leu, lle, Thr, Lys, Trp, Tyr

Asp, Asn-4—@ Oxaloacetic acid Citric acid
The Cilric
Acid Cycle
Phe, Tyr —» Fumaric acid a-ketoglutaric acid s—p- G1Y- GIN,
Arg, His Pro

Succinic acid

4

Yal, Met, lle

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/I/IntermediaryMetabolism.html



Enthalpy (H)

v d' ] Vv = | d' w d'
‘lr‘%ll1ﬂ!ﬂ’3'IN‘S@‘HTIN11—!!611114‘5’0’0’0ﬂ‘i]'Iﬂ‘i%‘l]‘lﬂ‘l%ﬂﬁg‘u’J‘l—!ﬂTﬁ‘l’lﬂ’ﬂNﬂuﬂQ‘n

A
o
H=E+PV
Enargy Enthalpy Energy Enthalpy
EE( £ H=E+ PV E’m dE=-PdV+TdS | dH=VdP+TdS
5 £ 0
.,E Helmhaliz Gibbe E - ( Helmhaltz Gibba
Free Energy Free Enthalpy £ Free Energy Free Enthalpy
F=E-TS |G=E-TS+PV dF = -PdV -5dT | dG = VdP -SdT
~—— -~
add pv| AG=H-TAS interchange V & P
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F = free energy mdanulussuuimh 1l lumsadanuluiiiie
, E = the energy, S = the entropy, and T = temperature of the parcel




Enthalpy (H)

malBaundl
enthalpy = wasnuaimdeuiedmeliiusuniiveaudazluana

AH=H “H__

a v d U
alINafnNUN ﬁ]‘iﬂx‘ié],‘lfl

Unaenmenausou Uj5enganaunauson

M5AINY A15HANNUN

AH <0

wuNail, H
wuNall, H

AH >0

AIHAANUN A5 9AU

3 1o

Copyright from Attp://www.ilmahidolac.th/e-media/ap-cAemistry 1/tAeymodynamics/entAalpy.fitml
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The free-energy change of a reaction
tells us whether or not the reaction

occurs spontaneously

Biologists want to know which reactions occur
spontaneously and which require input of energy

To do so, they need to determine energy changes
that occur in chemical reactions

AG = AH — TAS
* Free Energy = Total Energy — Unusable Energy
* Only processes with a negative AG are spontaneous

© 2011 Pearson Education, Inc.



Free energy (G)

A o

wasnuluszuunin N vnsasvnuluaadliyia

Exergonic and Endergonic Reactions in Metabolism

EXERGONIC reactions pooow I
(- AG) T s,
@ (AG< 0)
Release energy e AL
are spontaneous .
c Products
ENDERGONIC reactions | = mmmmm A
("l' AG) T Amount of
3 R
Absorb energy from @ P mim
E Reactants ~  BEEEEERS |

their surroundings - ———— .
are non-sponftaneous

Progress of the reaction

Y



Free energy (G)

An Endergonic Reaction

ENDERGONIC high
1’ Final
> state Hdp glucose
g A G>0 energy inpu
= \ |
o
c _ energy

Initial State

Progress of the reaction —»

Copyright from Attp://Blobeatwikispaces.com/t

CO3 + H,0

low
progress of reaction ———»

Copyright from Attp//Biobeat. wikispaces.com/o3__+Energy+Must+Knows

- An exergonic reaction proceeds with a net
release of free energy and is spontaneous

- An endergonic reaction absorbs free energy
from its surroundings and is nonspontaneous




Course of
reaction
without Ea
enzyme without .
T enzyme Ep U
enzyme
\l IS lower
5 Reactants
(¢b)
GCJ
r f :
- Cou _se o AG iIs unaffected
i reaction by enzyme
with enzyme
Products

Progress of the reaction

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.
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http://nortonbooks.com/college/biology/animations/ch07p01a.htm
http://nortonbooks.com/college/biology/animations/ch07p01d.htm

Endergonic reaction:
DG is positive, reaction is not spontaneous

N

.«’} \\

// \ 4 A

/ \ ) / \\
/ Glu / Glu
) S
Glutamic Ammonia Glutamine

acid

Exergonic reaction:
DG is negative, reaction is spontaneous

+  H,O » ADP + (P,

Coupled reactions:
Overall DG is negative;
Together, reactions are spontaneous

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

AG = +3.4 kcal/mol

AG = -7.3 kcal/mol

AG = -3.9 kcal/mol



P,; NAD"
NADH / H*

ADP
ATP

H,O

ADP
ATP

Free ener

y(G)

wasnuluszuunin IS lumsasenuluadlinia

Glucose
|f———___—:- ATP
Glu-6-P o
!
Fru-6-P e
Fru-1,6-bP o
W
DHAP
|
ﬁeﬂl = GAP NAD"; P,
T SLPC 5 ,3.‘?3;:-@ NADH / H
— | —
S PC e ATP
2_pG 2.-PG —_+Energy+MMis
*_/i F—»H O
PEP PEP :DP
Pyr F"'ljj,.-rrC ar

EXERGONIC

Change in free energy for each step of glycolysis'"

Step Reaction

glucose + ATP* — glucose-6-phosphate® + ADP*
+H

2 glucose-6-phosphate® — fructose-6-phosphate®

3 ﬁuctose-ﬁ-phosphatez‘ + ATP* — fructose-
1,6-bisphosphate® + ADP* + H*

R fructose-1,6-bisphosphate® — dihydroxyacetone
phosphate® + glyceraldehyde-3-phosphate®

5 dihydroxyacetone phosphate® — glyceraldehyde-
3-phosphate®

: glyceraldehyde-3-phosphate® + P;* + NAD* —

1,3-bisphosphoglycerate® + NADH + H*

1,3-bisphosphoglycerate* + ADP* —
3-phosphoglycerate® + ATP*

8 | 3-phosphoglycerate® — 2-phosphoglycerate™

2-phosphoglycerate® — phosphoenolpyruvate® +

9
H20

10 phosphoenolpyruvate® + ADP* + H* — pyruvate™ +
ATP*

Copyright from Attpy//enwikipedia.org/wiki/Glycolysis

AG/
(kJ/mol)

-1.29

0.09
0.83

15

-23.0



.
ATP powers cellular work by coupling
exergonic reactions to endergonic
reactions

A cell does three main kinds of work
Chemical
Transport
Mechanical
To do work, cells manage energy resources by energy

coupling, the use of an exergonic process to drive an
endergonic one

Most energy coupling in cells Is mediated by ATP

© 2011 Pearson Education, Inc.



Adenosine triphosphate(ATP)

Adenine NH,
|
c
(o o 0 HC\
| | | _—~C.__ CH
_G_'ﬁ_ﬂ_ﬂ'_n_'ﬁ' O—CH N="“n"
0 0 0

Phosphate groups

S on the cell’s energy shuttle

(a) Structure of adenosine triphosphate

H,0
® + + Energy
AG = -7.3 kcal/mol

Adenosine triphosphate (ATP) Inorganic Adenosine diphosphate (ADP)
phosphate

(b) Hydrolysis of ATP

Copyright ® Pearson Education, Inc., publishing as Benjamin Cummings.




~ 3types of cellular work by the hydrolysis of ATP

—
®
{ ) § 0
Motor protein Protein moved

(a) Mechanical work: ATP phosphorylates motor proteins

Membrane
protein

~feceg
(e

>@ + 9<

/
Solute Solute transported

(b) Transport work: ATP phosphorylates transport proteins

7
V

oo 92 . /

—

Reactants: Glutamic acid Product (glutamine)
and ammonia made

(c) Chemical work: ATP phosphorylates key reactants

Copyright from Pearson Education, Inc.



Adenosine triphosphate(ATP)

MH.
o M
L T T f %
l.\” i) O Hgﬂ—ﬂ—T‘—GHF—ﬂHF—G"
Adenine o l:él" 'él""
HO OH
Ribose

Adenosine

Adenosine monophosphate (AMP)
Adenosine diphosphate ADP

Adenosine triphosphate ATP

Copyvight fromt
Attt /makfamwit.ac. i/ pingpong_web  Nucleic_oi1.Atm



Adenosine

PER)
Catabolism Anabolism
o~ \J
¢—o
!I==f-"' + P—P—P—Adenosine
CH

W

Product '
(pyruvate)
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Study of metabolic pathway

1. Major metabolic pathway
(mmow 7 2 lus1e3%1 Au 325)

2. Specific metabolic pathway
(huang pathways #snaule)




Major metabolic pathway
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Main pathways ( all living organisms )
Glycolysis
Aerobic respiration and/or Anaerobic respiration
Citric acid cycle / Krebs cycle
OxIidative phosphorylation

Other pathways (most) :
Fatty acid oxidation (B-oxidation)
Gluconeogenesis
Amino acid metabolism
Urea cycle / Nitrogen metabolism
Nucleotide metabolism
Glycogen synthesis / Glycogen storage
Pentose phosphate pathway (hexose monophosphate shunt)
Porphyrin synthesis (or heme synthesis) pathway
Lipogenesis
HMG-CoA reductase pathway
(isoprene prenylation chains, see cholesterol)

Synthesis of energetic compounds from non-living matter:
Photosynthesis (plants, algae, cyanobacteria)
Chemosynthesis (some bacteria)
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