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Introduction

What are Carbohydrates?

Carbohydrates are organic
biomolecules abundantly present in
the nature.

Found in the cells of plants and
animals.

The term “Carbohydrate” was coined
by “Karl Schmidt”.

www.FirstRanker.com
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Carbohydrates Biosynthesis

Carbohydrates are predominantly
biosynthesized by plants through
photosynthesis.

Glucose is synthesized in plants
from CO,, H,O, and solar energy
from the sun.

Photosynthesis

www.FirstRanker.com
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chlorophyll
6CO, + 6H,0O » CH,O, + 60,

Sunlight Glucose
(Simple Carbohydrate)

(+)-Glucose —— Starch or Cellulose

(Complex Carbohydrates Of Plants)

Animals and Human beings
cannot biosynthesize
Carbohydrates
predominantly.

www.FirstRanker.com
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To fulfill metabolic and
structural role in human
beings,

It is essential to ingest
carbohydrates through

food substances of plant and
animal origin.

/

Thus Carbohydrates are chief
constituents of human food.

R.D.A for Dietary Carbohydrates=
400-600 gm/day.

www.FirstRanker.com
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However in a critical
condition when cells are
deprived of Glucose

» Human body biosynthesizes
Glucose using the non
carbohydrate precursors
present in body via

Gluconeogenesis.
o
ﬂ-‘
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Functions of Carbohydrates

Carbohydrates serve as
primary source of
energy/Fuel of body

( Metabolic role).

Carbohydrate (Glucose)
is oxidized in living cells
of human body to
produce CO,, H O, and
energy(ATP).
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Carbohydrates provide

skeletal framework to cells
,tissues, and organs of
body.(Structural role)

Carbohydrates are associated
to many other roles with
human beings.

\—/’

DEFINITION OF
CARBOHYDRATES
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Old Definition of Carbohydrates

Empirical formula/General formula for
simple carbohydrates : C, (H,O),

Where n = number of carbon atom
present in carbohydrate structure.

Old Definition-

Carbohydrates are “Hydrates of
Carbon”

Old definition is not valid since-
Certain Carbohydrates -

Rhamnose did not fit in the
empirical formula of carbohydrates.

Certain non Carbohydrates -

Lactate and Acetate fitted in the
empirical formulae.

www.FirstRanker.com
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Observe the following
chemical structures of
simple Carbohydrates:

Glucose and Fructose

Aldose Ketose
(e.g., Glucose) have (e.g., Fructose) have
an aldehyde group at a ketone group,
one end. usually at Ca.
" e = CH,OH
H—C —O H ¢ =0
HO ——C ——H HO —C —H
H—C —OH H——C—0H
H—C —OH H—C—0H
CH,OH CH,OH

D - g 1u COSC www.FirstRanker.com D - fru ctosc
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Simple Carbohydrates has many
Hydroxyl groups (Polyhydroxy).

Simple Carbohydrates has carbonyl/
functional groups as Aldehyde or
Ketone.

Simple Carbohydrates(Glucose/Fructose)
repeatedly linked to form its condensed
complex carbohydrates for ex Starch,
Inulin.

//

The hydroxyl groups may be free
or substituted by any other
groups.

Simple Carbohydrates on
chemical reactions produces
derivatives of Carbohydrates.

www.FirstRanker.com
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New Definition of Carbohydrates

Carbohydrates are organic
biomolecules, abundantly

resent in the plant and animal
Eodies, chemically composed of
Polyhydroxy Aldehyde or
Polyhydroxy Ketone, their
condensed products or their
derivatives.

Classification Of Carbohydrates

www.FirstRanker.com
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* Depending Upon Number of Saccharide Units

* Four Main Classes of Carbohydrates

* Monosaccharides
(1 Saccharide Unit)

* Disaccharides
(2 Saccharide Units)

* Oligosaccharides
( 3-10 Saccharide Units)

* Polysaccharides
( More than 10 Saccharide Units)

Monosaccharide + H,0 LR hydrolysis

4

4

Disaccharide + H,0 S two mnnosacchande units
Polysaccharide + many H,0 . many monosaccharide units

www.FirstRanker.com
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Monosaccharides Sub Classification

Monosaccharides are sub
classified on the basis of:

eFunctional Group
eNumber of Carbon atoms.

Number of
Amwe Aldoses Ketoses
(Aldehyde-CHO) (Ketone -C=0)
3 Aldo Triose Keto Triose
Triose :
Glyceraldehyde Di HydroxyAcetone
4 Aldo Tetrose Keto Tetrulose
Letrose Erythrose Erythrulose
5 Aldo Pentose Keto Pentulose
Pentose Ribose, Xylose, Arabinose Ribulose, Xylulose
6 Aldo Hexose Keto Hexose
Hexose Glucose, Galactose ,Mannose Fructose
7 Aldo Heptose Keto Heptulose
Heptose SedoHent SedoHeotul
www.FirstRanker.com
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Disaccharides
Disaccharides has 2
Monosaccharide units
linked by glycosidic bond.

Disaccharides may be
reducing or non reducing

Type Of Disaccharides

Reducing Disaccharides -
eLactose (Glu-Gal)
eMaltose (Glu-Glu)

Non reducing Disaccharides-
eSucrose(Glu-Fru)

www.FirstRanker.com
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Oligosaccharides Sub Classification

Oligosaccharides has 3-10
Monosaccharide units linked
by glycosidic bonds.

Oligosaccharides are sub
classified on the basis of
number of Saccharide units.

Number of Type Of Oligosaccharides
Monosaccharide | (3-10 Monosaccharide Units )
Units
3 Trisaccharides

Maltotriose (Glu-Glu-Glu)
Raffinose (Glu-Fru-Gal)

4 Tetrasaccharides
Stachyose (Glu-Fru-2Gal)
S Pentasaccharides

yetbascose (Glu-Fru-3Gal)
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Polysaccharide Sub Classification

Polysaccharides/ Glycans

contain more than 10, same/
different Monosaccharide

units linked by glycosidic
linkages.

Types of Polysaccharides

Homopolysaccharides/
Homoglycans-

Contains more than 10 same repeating
units.

Heteropolysaccharides /
Heteroglycans-

Contains more than 10, different
repeating units.

www.FirstRanker.com
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POLYSACCHARIDES/ Glycans
( More than 10 Monosaccharide Units )

Homopolysaccharides/ Homoglycans
(> 10 Same Repeating Units )

Glucosans Fructosans
(Repeating Unit of Glucose/Polymer| (Repeating Unit of
of Glucose) Fructose/Polymer of
Starch Fructose)
Glycogen
Cellulose Inulin
Dextrin
Dextran

\_/‘ »

Hetero Polysaccharides
( More than 10 Different
Repeating Units )

www.FirstRanker.com
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e Animal

Heteropolysacchrides

*Mucopolysaccharides (MPS)
OR
*Glycosaminoglycans (GAGs)

Types And Examples of
Mucopolysaccharides

www.FirstRanker.com
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Acidic Non Sulfated MPS:
e Hyaluronic Acid

Acidic Sulfated MPS:

» Heparin

» Heparan Sulfate

o Chondritin Sulfate
e Dermatan Sulfate

» Keratan Sulfate

Neutral MPS:
* Blood Group Substances

Plant Heteropolysaccharides

Agar
Pectin
Lignin

Gum

www.FirstRanker.com
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What are Sugars?

Sugars are chemically simple
Carbohydrates Monosaccharides and
Disaccharides.

Sugars are Crystalline Solid substances.
Soluble in water

Sweet 1n taste

Structure possess asymmetric /chiral
carbon atoms/stereogenic centers.

/

S

The carbonyl/
functional groups of
Carbohydrates may be
present as free or
bound (involved in

s).

www.FirstRanker.com
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/

Non Reducing
Sugars

e

Reducing Sugar

Sugar structure possessing free or
potential(reactive) aldehyde or
ketone group is termed as
reducing sugar.

Reducing sugars show reducing
property efficiently in alkaline
medium and reduces certain

metallic ionsas=Cu*+;Bit+*;Fett+
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Reducing Sugars answer following
tests positive

Benedict’s Test
Fehling’s test
Nylander’s Test
Form Osazones.

Reducing Shows Mutarotation
(Change in Optical activity)

/E/xamples Of Reducing Sugars

All Monosaccharides are reducing sugars.

Monosaccharides are strong reducing
agents.

Monosaccharides-
e Ribose, Glucose, Galactose, Fructose.
Disaccharides are weak reducing agents.

Reducing Disaccharides-
) ait@v%vgr'smanker.com
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Non Reducing Sugars

Sugar structure not possessing
free or potential aldehyde or
ketone group in its structure is
termed as non reducing sugar.

Non reducing sugar does not
show reducing property and do
not reduce metallic ions.

e

,//

Non reducing sugars give following

reducing tests negative.
Benedict's Test

Fehling’s test

Nylander’s Test

Do not form Osazones

Non Reducing sugars do not exhibit
Mutarotation (Change in Optical activity)

www.FirstRanker.com
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Examples of Non reducing Sugars

*Non reducing Disaccharides.

eSucrose (Biomedically Important)

Trehalose (Glu-Glu linked with «
(1-1) glycosidic bond)

*Polysaccharides/Complex
Carbohydrates are Non reducing.

Sugar/Sugar Derivatives Percent
Sweetness

Glucose 75
Fructose 175
(Sweetest Sugar) (Highest)
Galactose 30
Sucrose 100
Lactose 20
Maltose 30

XylitOI www.FirstRanker.com 2 SO
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Non Carbohydrate |Percent Sweetness
Synthetic Sweetners

Saccharin 45,000 times
Aspartame 18,000 times
(Asp-Phe)
Thaumatin and 10,000 t1mes
Monellin
Cyclamate 1000 times

Biomedical Importance of Sugars

*Sugars are sweetening
agents used in
preparations of fruit
juices, sweet recipes
which gives delicious taste.

www.FirstRanker.com
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Sugars have dietary and
calorific value.

Ingested sugars are digested
.absorbed and assimilated to
produce chemical form of
energy —-ATP, which is further
used for body activities.

Carbohydrates are
Optically Active and
Show Stereoisomerism
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All Carbohydrates except Di Hydroxy
Acetone(DHA) possess asymmetric
carbon atoms in their structure.

Presence of Asymmetric carbon atoms
confer two properties:

e Optical Activity
e Stereoisomerism.

P —

/ Optical Activity
Optically active solutions when
placed in the tube of Polarimeter.

[f moves the plane of polarized
light toward right are dextro
rotatory (d/+).

[f moves the plane of polarized
light toward left are laevo rotatory

i)

www.FirstRanker.com
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Stereoisomerism

Stereoisomerism 1S
due to presence of
chiral carbon
atoms/stereogenic
centers.

Ho 0 Ho 0
\ 7 \ 7
C ’/ \ C
| |
H—C—OH  OH—C—H
| |

C H,OH C H,OH

- . . . = . hvde
wWw.FirstRanker.com
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Stereoisomers are type of
Isomers

Which have same chemical and
molecular formula,

The structure slightly differs in
the spatial orientation of
groups around the carbon atom.

Biomedically Important
Monosaccharides

www.FirstRanker.com
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Monosaccharides (Simple Sugars)

Monosaccharides are simplest class
of Carbohydrates.

They are composed of one
saccharide unit.

Monosaccharides cannot be further
hydrolyzed.

Monosaccharides are building
blocks/monomeric units of higher
forms of Carbohydrates.

Glyceraldehyde/Glycerose

Simplest Carbohydrate
(Reference sugar)

www.FirstRanker.com
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Glyceraldehyde is

a Monosaccharide
Chemically -
Aldo Triose
C3H603

Occurrence/Sources of Glyceraldehyde

In Cytoplasm of cells
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—  Biomedical Importance's

Glyceraldehyde -3-Phosphate
is an intermediate of
Glycolysis and HMP shunt.

Glyceraldehyde is reduced
to Glycerol which is used
during Lipid and Glucose

biosynthesis.
/

P —

/

Dihyd roxchetone

It is a Monosaccharide

DHA is a Functional
Isomer of Glyceraldehyde.
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H 0
N & |
C CH,OH
| |
H—C—0Q0H C=0
| |
CH,OH CH,OH

D-Glyceraldehyde Dihydroxyacetone

\/’

= Chemistry Of DHA

Dihydroxy Acetone is a
Keto Triose.

C3H603

DHA has no chiral atom
1n 1ts structure.
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Occurrence/Sources Of DHA

In Cytoplasm of Cells

“Biomedical Importance's Of DHA

Dihydroxy Acetone
Phosphate(DHAP) is an
intermediate of Glycolysis.

DHAP is readily
interconvertable to

Glyceraldehyde -3-PO4.

anke
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Chemistry :

Erythfose

Erythrose is a Monosaccharide

Erythrose 1s an Aldo Tetrose

C4(H20)4

H

H——OH
H——OH
CH,OH

HO——H
HO——H

CH,OH

D-Erythrose

. L-Erythrose
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Occurrence/Sources :
In Cytosol of cells
Biomedical Importances :

Erythrose -4-Phosphate is an
intermediate of HMP shunt.

- Ribose

Chemistry :
Ribose is a Monosaccharide.
Ribose is an Aldo Pentose

C5(H20)5

www.FirstRanker.com
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Occurrence/Sources :
In cells

Biomedical Importances of Ribose :

Ribose is an important component of
Ribonucleotides which forms RNA.

Ribose is component of certain Nucleotide
Coenzymes-

ATP, NAD+, NADP+FAD

Deoxyribose

Deoxyribose is a
Monosaccharide

Derived from Ribose/
Derivative of Ribose

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Chemistry :
Deoxyribose is a Aldo Pentose

Deoxyribose has one Oxygen atom
less than Ribose at C2.

Deoxyribose has no —-OH group at
C2

Instead has —H at Ca.

Y 5' carbon . Y 5' carbon
5 5
HOCH OH
HOCH, OH ‘ ) o ‘
4 C cCr 4' C C1
e N
H c H H cj‘ 2; H
¥y 2 , .
3' carbon / ‘ ‘ 3' carbon / ‘ !
OH H OH OH
2-Deoxyribose Ribose

www.FirstRanker.com
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Occurrence/Sources :

In cells

Biomedical Importances Of
Deoxyribose :

Deoxyribose is a component of
Deoxyribonucleotides which

forms DNA.

Arabinose

Arabinose is a
Monosaccharide

Chemistry :
Arabinose is a Aldo Pentose
Cs5(H20)s5

www.FirstRanker.com
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chﬁom”
Ho—é—H
H—é—OH
H—C—OH
CHLOF

D-(-)-Arabinose

P

ﬁig;o
—C—OH

HO—C—

HO—C—H
CH,0F
L-(+)-Arabinose

Occurrence/Sources:

Gum Arabic and Cherries.

Biomedical Importances

Arabinose is a component
of Glycoproteins.
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k Xylose

Xylose is a Monosaccharide

=

Chemistry :
Xylose is an Aldo Pentose

C5(H20)5
H H
H OH HO H
HO——H H——OH
H OH HO H
CH->OH CH-OH

D-Xylose ..o L-XylOSE



:I 5 FwstRanker com

www.FirstRanker.com www.FirstRanker.com

Occurrence/ Sources :
Wood Gum
Biomedical Importances :

Xylose is a component of
Glycoproteins and Proteoglycans

e Xylulose =

Xylulose is a
Monosaccharide

Chemistry :
Xylulose is a Keto Pentose

Cs5(H20)5

www.FirstRanker.com
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CH,OH CH,OH
0 0
HO——H H——OH
H——OH HO——H
CH,OH CH,OH

D-Xylulose L-Xylulose

/

B

Occurrence/ Sources :

In Cells
Biomedical Importances of Xylulose:

Xylulose -5-Phosphate is an
intermediate of HMP Shunt.

Xylitol reduced compound of Xylulose
is used as sweetener (250% Sweetness).

www.FirstRanker.com
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Ribulose

Chemistry:

Ribulose is a
Monosaccharide

Ribulose is a Keto
Pentose

C5(H20)5

P —_—
Occurrence/ Sources :

In Cytosol of cells.

Biomedical Importances
of Ribulose:

Ribulose-5-Phosphate occurs
as an intermediate of HMP
Shunt.

www.FirstRanker.com
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| Glucose
Grape sugar
Chief blood sugar
Main sugar of body cells.

Also termed as Dextrose

~ Chemistry of Glucose

Glucose Chemically -
Aldo Hexose.
Molecular Formula-
CeH,,O6

www.FirstRanker.com
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C, 1s an Anomeric
carbon of Glucose.

C1 has
carbonyl/Functional
group.

Structures Of Glucose
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Cyclic forms for sugars

* Fischer projections for o D Glucose

H-C=0 H-C-OH| HO-C-H

H-C-OH H-C-OH|  H-C-OH
HO-C-H =HO-C-H O HO-C-H

H-C-OH Hegﬂ H-C-OH

H-C-OH H-C H-C
CH,OH CH,OH CH,OH

D-glucose o D-glucose p D-glucose
cyclic form cyclic form

Fischer’s and Haworth’s Projection

*Fischer’s Projection

* Cyclization of Glucose to hemiacetal is
spontaneous to form stable ring structures.

* Haworth’s Projection

* Gluco Furanose -5 membered ring with Oxygen
atom in it.

* Gluco Pyranose -6 membered ring with Oxygen
atom in it.

www.FirstRanker.com
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Monosaccharides can cyclize to
form Pyranose / Furanose forms

CH,OH
e G

OH

B =64%
CH,OH o a =36%
HC L = Pyranose form
OH N H
e A~
< C
O > CH,OH
O
N CHOH
OH =
~A RO
D-Glucose s J__J__,.f-*' = OH
~\ OH 20 o
OH
Furanose Form
-
1 |
=
= |
— —-:?: —
o —?"cI: —
— —‘EI: —
- —5-::|: —
el T PP I
- -
= | = |
—4 —-:_I—; ] g .;:I;: ]
Hu::m—?:l: 4 P 4 —E-E?: o -
O R ]
= | = |
= H-— >
=1 | = |

= eI

- DO gOglucose

= =
cr— [ 22— gluc o= e

_H=-C>H H =T33
— — o = =
H H
_ >H L]y |
= —i —i— —r i
www.FirstRanker.com
H > H H > H
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Chair Conformation Of Glucose

JH

o-D-glucopyranose B-D-zlucopyranose

Blood Glucose is more
thermodynamically stable in

B D Glucopyranose form.

www.FirstRanker.com
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Occurrence/Sources of Glucose

Glucose is found in free or bound
state 1n nature.

Glucose is a component of
Disaccharides and Polysaccharides.

Glucose found-In fruits, human

blood and body cells.

Physical properties of Glucose

Glucose possess asymmetric/chiral
carbon atoms in its structure, this
confers 2 physical properties:

*Optical Activity
eStereoisomerism

www.FirstRanker.com
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Optical Activity of Glucose

]i)tlcal activity for an aqueous
tion of Glucose is
dextrorotatory(+/ d)

[t rotates the plane of plain
polarized light in Polarimeter
towards right.

Hence Glucose is also termed
as Dextrose.

Specific rotation of Glucose
optical activity:

e Pure a-D Glucose = specific rotation
+112.2 °

e Pure B-D Glucose = specific rotation
+18.7 2

www.FirstRanker.com
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Isomers of Glucose

Cyclic structure of Glucose posses 5
asymmetric carbon atoms.

The number of isomers is 2, where n is
the number of asymmetric centers.

According to Vant Hoff rule 25
Glucose posses 32 possible Isomers.

~Functional / Structural Isomers of

Glucose

Glucose (Aldo Hexose) and
Fructose (Keto Hexose) .

These are Functional Isomers
their structure differs only at
functional groups.

www.FirstRanker.com
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Stereoisomer’s Of Glucose

Stereoisomers are type of
isomers which have same
molecular formula; structure
differs only in the orientation
of groups in space.

_ —
Glucose Stereoisomers

D and L Glucose
Anomers

Epimers

www.FirstRanker.com
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Dand L Gl\ucose

Enantiomers/ Mirror images

of each other/Left and Right
Hand

Non superimposible/Non
overlapping.

G% fH G% fH
; ;
I—I—EIE—EJI-I I—If:l—fli—I—I
I—ICJ—EIZ—I—I I—I—EIE—EJI—I
I—I—CI—E?JI—I I—ICJ—EIZ—I—I
I—I—"EI—CJI—I I—IEI:'—EIZ—I—I

CH-OH CH-OH

E _gl ]'l I: I:::I S E www.FirstRanker.com L _g]']'l I: I:::I S E
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To identify D and L Glucose

Look at the penultimate carbon atom
of Glucose (Cs) /Farthest assymetric
carbon atom from carbonyl carbon
atom.

In D Glucose -OH is at R.H.S.
In L. Glucose -OH is at L.H.S.

Enantlomers

(al

()
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Physical and chemical
properties of Enantiomers are
same, except optical rotation.

Sugars present in human
body are of ‘D’ series.

= /

mmrer e DR

p

Enzyme Racemase
interconvert ‘D’
and ‘L’ isomers.
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Anomers

o-Glucose and B-Glucose.

Anomers has group variations
at C1 Anomeric carbon atom of
Glucose .

In Fischer’s projection at Ci1

o-Glucose has -OH group at
R.H.S

In Fischer’s projection at C1

B-Glucose has —-OH group at
LHS

www.FirstRanker.com
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Glucose anomers of
Haworth's projection shows
as follows.

a-Glucose has -OH group
below the plane.

B-Glucose has OH group
above the plane.

o
> 2 |l
T —
= = |
O — P Ho s —H >
Fan-g B = e
- DO gOglucose cr— [ 22— gluc o= e
—H-CH O H
— o = =
i —
<= —i | g — —+
www.FirstRanker.com

— H | — H



o-D-glucose A-D-glucase

/

\ /_»/ .

In the body
physiologically the most
thermodynamically
stable form of Glucose
is B D Glucopyranose .
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Anomerism

Glucose anomers are not stable
and tend to interconvert
constantly by opening and
reclosure of ring.

Anomerism is interconversion of
one form of anomer to another.

Anomerism exhibit Mutarotaion.

Epimers

Epimers are stereoisomers which
has variation in the orientation of
groups at C 2/ C3 / C4 of Glucose.
Epimers of Glucose

e Galactose (C4 Epimer)

eMannose (C2 Epimer)

www.FirstRanker.com
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" ~ C":"
HO—C—H i '
| H—C —OH H——0H
HO—C—H ! .
| o £ on HO—L—H
TETen H-C-on HO—¢—H
H—C—0H ' H—C—OH
| -
CH.OH H—¢C —OH |
2 ] CH,OH
H—C—-—0H
Mannose "
: H Galactose
(C2 Epimer) glucose (C4 Epimer)
P —_— |

When Mannose and Galactose
structures are compared there
is variation at two different
carbon atoms (C2 and C4).

Mannose and Galactose are
not Epimers but they are
“Diastereoisomers’.

www.FirstRanker.com
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Mutarotation

Mutarotation is
change in specific
rotation of an optically
active substance.

/

Criteria for an optically
active substance to exhibit
Mutarotaion:

Anomerism:

In aqueous solution the optically
active substance should exist in two
or more stereoisomeric forms by

= -

www.FirstRanker.com
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Glucose Exhibits Mutarotation

Glucose in aqueous solution shows
‘Anomerism’.

Glucose in aqueous solution
readily interconvert from o
Glucose to 3 Glucose and attain
an equilibrium mixture to exhibit
mutarotation.

a-D-glucose equilibrated f-D-glucose
Ha0) . Ha(0
CeHya0; — solution — CeHya0g
.‘_
m. 1469 o J=452.7° " mp. 1500

[o]=+1129 3% o + 64% [0]=+19°

www.FirstRanker.com
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®* Mutarotation is a physico chemical
property

* Shown by certain optically active
substances ,who in aqueous solution has
capacity to interconvert from one
stereoisomeric form to other and attain
a constant equilibrium mixture,

* This changes an initial specific rotation
to a constant specific rotation with the
passage of time.

" Chemical Properties
OR

Chemical Reactions
OR

—Derivatives Of Glucose

www.FirstRanker.com
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Reduction Reaction Of Sugars

Reduction Reaction

Glucose . Sorbitol
(Sugar) (Sugar Alcohol)

www.FirstRanker.com
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*During reduction reaction
the C1 carbonyl group
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(-CHO) is reduced to primary
alcohol group (-CH20H).

*Sorbitol is
Polyol/Polyhydroxy Alcohol.

H,OH

H—C—OH ¢H,OH

HO-Cc—H HO~=F—h
H-c-oH H7§~OH

CH,OH CH,OH
D-sorbitol D -xylitol

www.FirstRanker.com
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Sugar Alcohols taken in food are
of less calorific value.

They yield half energy in
comparison to sugars.

They are poorly absorbed.

Sugar alcohols if ingested reduces
weight.

They are prescribed for Diabetics.

Abnormal levels of Sorbitol found
in Diabetics, leads to Cataract

Excess Blood Glucose in
Diabetics, get reduced to
Sorbitol which further
deposits in the lens of eye
and forms Cataract.

www.FirstRanker.com
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Oxidation Reaction Of Sugar

Gluconic Acid
(Aldonic Acid)

Oxidation Reaction (-CHO to -COOH)

GIUC05e ~  Glucuronic Acid

(Uronic Acid)

(-CH20H to -COOH)

Glucosaccharic Acid
(Dibasic Aldaric Acid)

(-CHO &-CH20H to —COOH)

www.FirstRanker.com
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*Aldehyde oxid'n |-|—g£)(c))lll-I
*2>aldonic HO-C-H
acid H-C-OH

H-C-OH
CH,OH

D-gluconic acid

Terminal CH,OH
oxid'n=-2> Uronic acid

D-glucuronic acid

* Aldehyde + Terminal CH,OH oxid'n =
» Aldaric acid/Saccharic acid

COOH
H—C—OH
HO-C-H

H-C-OH
H-C-OH
COOH

D-glucaric acid

www.FirstRanker.com
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*Uronic Acid of Glucose
Glucoronic acid is component
of Mucopolysaccharides.

o Glucuronic acid serve as
conjugating agent in
detoxification reactions.
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N-Glucosamine
N Acetyl Glucosamine
N Acetyl Galactosamine

Are Important constituents
of Mucopolysaccharides,
Glycoproteins and

Glycolipids
Glucose - Esteification = Gycose -6-Phosphate
Phosphorylation Reaction (Robinson Ester)

OR

Glucose-1-Phosphtae
(Cori Ester)

www.FirstRanker.com
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3 D-glucose-6-phosphate

Reducing Property Of Glucose

*Reducing property of
Glucose is Enolization/
Tautomerization reaction.

*Glucose show efficient
reducing property in
alkaline medium .

www.FirstRanker.com
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Glucose in alkaline
medium forms Enediol

Enediol is a strong
reducing agent which
reduces cupric ions to
cuprous ions.

Glucose give positive test results
for following reducing tests:

Benedicts Test
Barfoeds Test
Fehlings Test
Nylanders Test.

www.FirstRanker.com
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* Benedicts Test-Reduction of Cupric
ions in mild alkaline medium.

* Barfoeds Test-Reduction of Cupric
ions in weak acidic medium.

* Fehlings Test- Reduction of Cupric
ions in strong alkaline medium.

*Nylanders Test-Reduction of
Bismuth ions in strong alkaline
medium.

Glycosides

* Glycosides are derivatives of sugar.

* Glycosides has Aglycone moiety linked to
C1 (anomeric carbon atom) of sugar by an
acetal linkage.

Acetal Linkage
Sugar

www.FirstRanker.com
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Aglycone moieties-

(Non Sugar, Hydroxyl group
containing compounds)

*Methanol
*Sterol
*Phenol

*Glycerol

e

/:

/ Types of Glycosides-

Glucoside
(Contains Sugar as Glucose)

Galactoside
(Contains sugar as Galactose)

www.FirstRanker.com
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OccurrWs of
Glycosides

//

Glycosides are naturally
occurring substances
present in plants and
animal bodies; which are
extracted and used as
drugs.

//

Glycosides
Examples and Therapeutic Use

www.FirstRanker.com
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Examples of Therapeutic Use
Glycosides
1 Cardiac Glycosides In treatment of cardiac
Digoxin /Digitonin  insufficiency.
Ovabain
2 Phlorizin In treatment of Diabetes

(Glucose Transporter Inhibitor) mellitus.

3 Streptomycin Antibiotic used to treat
bacterial infections.

4 Glucovanillin Flavoring agent in Ice
creams and Puddings.

Biomedical Importance of Glucose

* Glucose is a reduced compound and
has bond energy in its structure.

* Glucose in body cells
Oxidized/Catabolized to liberate
chemical form of energy-ATP.

*1 Glucose molecule on complete
oxidation produces 32 ATPs.

www.FirstRanker.com
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Glucose serve as primary source of
energy to all body cells.

Glucose is an universal fuel of fetus.

Brain, Erythrocytes ,lens cells, spinal
cord, peripheral nerves are completely
dependent on Glucose for its energy.

After well fed condition the free and
excess body Glucose is transformed to
Reservoir /Storage forms of Glucose

Starch (In Plants)

Glycogen (In animals)

Glucose still in excess is transformed to

Fat (TAG) and stored as depot fat.
(Unlimited).

www.FirstRanker.com
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Glucose is used for biosynthesis
of:
Glucuronic acid
Glucosamine
N-Acetyl Glucosamine
Galactose
Non essential amino acids

Glycosides

Galactose

Chemistry of Galactose

Galactose is a Monosaccharide
Aldo Hexose
C4 Epimer of Glucose

www.FirstRanker.com
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H—C=0
H —C— Ok
HO — C— H
HO —C— H
H —C— OH

CHzOH

L} - (aalactose

| Occurrence/Sources

Galactose is never found free
It is a component of :
Milk Sugar Lactose
Mucopolysaccharides
Glycolipids and Glycoproteins.

www.FirstRanker.com
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Galactose on reduction form
Dulcitol.

Galactose on strong oxidation
forms Mucic acid.
(Galactosaccharic acid).

Galactose is abnormally elevated
in blood and excreted in urine -

GALACTOSEMIA.

P
Biomedical Importance

Galactose has dietary and
calorific value.

(Galactose 1s transformed to
Glucose in Liver and metabolized.

www.FirstRanker.com
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Galactose 1s used 1n biosynthesis of
Mucopolysaccharides,
Glycoproteins, Glycolipids.

Galactose along with Glucose forms
Lactose in lactating mothers .

= /

mmrer e DR

P —

Galactose is part of
nerve and brain
biochemicals, so
milk is essential to
infants.
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Mannose

Mannose is a Monosaccharide
Chemically -Aldo Hexose

C2 Epimer of Glucose
Occurrence/Sources of Mannose

In Plants
Mannan (Polymer of Mannose)

O H H
HO——H H——OH
HO——H H——OH

H——OH HO——H

H——OH HO——H

CH;OH CH>OH

D-Mannose -oeer L-Mannose
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/Biomedimportancﬁ)?

Mannose

Mannose component of
Glycoproteins.

Mannitol reduced compound of
Mannose 1s used as Diuretic to
treat Acute Renal failure.

/

Fructose

Fructose is a
Monosaccharide

Fructose 1s Sweetest Sugar.
Laevulose (Laevorotatory)

www.FirstRanker.com
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Chemistry Of Fructose

*Fructose 1s a Keto Hexose
5, U
»(C, 1s anomeric carbon of
Fructose
TFHEGH ?HEE'H
C=0 C=
| 3 | 3
HO—C*-H H—C=OH
H—rI:iGH HG—'IZ'LH
H—{IZE—{ZJH Hﬂ—iIZE—H
CH-OH CH,OH
D-Fructose === | -Fructose



:l » FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Cyclic Structure of Fructose

* As aketohexose, fructose forms a 5-membered ring when
the hydroxyl on C-5 reacts with the carbonly on C-2

CH0H
Sl CH,OH CH0H ~ CHOH — OH
HD—?—H O-

LT ‘ fﬂl—"ﬁ OH ‘ ‘ q CH,0H
H—?=DH OH OH

CH,0H
D-Fructose o -D-Fructose B -D-Fructose

/

Occurrence/Sources Of Fructose

In Fruits, Honey
Body cells, Semen.

Fructose 1s component
of Sucrose.

www.FirstRanker.com




:I ®» FirstRanker.com

k Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

——

_
Fructose is more stable in

BD Fructofuranose form.

Selivanoff ‘s test is characteristic
test for Fructose.

(positive result-Cherry red
color).

Fructose on reduction forms

Sorbitol and Mannitol.

——

P —

Fructose-6-PO4 (Neubergs Ester )

Fructose-1,6- Bis Phosphate
(Harden Young Ester).

Abnormal excretion of Fructose in
urine is noted in persons suffering
from Essential Fructosuria.

www.FirstRanker.com
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- Biomedical Importance Of

Fructose

*Fructose has dietary and calorific

value.

°In Liver Fructose is transformed to

Glucose and metabolized.

*Fructose present in semen serves as

nutrient for Sperms.

Three carbons Four carbons
H (]
N
H (] H L !
i & | .
H o C C H—C—0H  HO—C—H
“ # I | I
Li' H—il'—GH HE'—-:l'—H H—lI —(H
H—{—0H H—tl'—UH ]-l—':l'—UH H—fl'—UH
CH,OH CH.OH CH,OH CH,OH
|J-Glyt:er:.-1]1leh_~,qle' n=Erythrose = p-Threose n-Riboge | | p-Arabinose
Six carbons
0 H ¥ 0 H 0 H [l
I-L\.f SN H“w & N S
Ii: II: I :l_‘. {l
H—-!l'—-l':u]-T T-[I'}—l'I —H T-[—ll'—-l':I]-T H{':I—f.l'—H T-[—ll'—lf']]-T
EI—-:l'—(:I]I ]I—il'—d}EI II{:I—I'l'—I[ IEI{:I—il'—II I[—"l'—ICJ]I

H—{'—0H H—_—0H H—{—0H H—{—0H HO—{—H

H—{—0H
H—Ll'—UH

HO—{—H
H—(:—0OH
HO—({—H

Five earbons

H 0 H 0
i S
(e o
H—Ll'—'LI'H HU—fl'—H
H{—(=H HE'—II —H

I
H—Ll'—'LI'H H—rl'—ﬂH

CH.OH CH,OH
-Xyloze D-Lyxose
H 0 H ()
N\ & N
{l. i

i
H—ll'—lf']]-T Hlf']—f.l'—]-T
HO—C—H  HO—(—i
Hlf']—ll'—H Hlf']—f.l'—]-T

| I | I I
EI—'il'—(!]I ]I—il'—'!}EI I[—l'l'—{,]I II—L'I —H I[—l'l'—EJ]I H—{—0H EI—I'l'—EJ]I EI—L'I —{H
CH,OH CH.OH CH,OH H.OH CH,OH CH,OH CH.OH
n-Allose n-Altroze n=(zlucose n=Ma nnose n=(xuloge | n-(zalactose | n=Talose
www.Fisddshikeetom
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Three carbons Four carbons Five carbons
CHLOH EIIJ}II
—{) —i)
CHOH ‘! |
-tIJH.;:m J,= 0 H— Ir—crn H-D—{F —H
=) H—{'—i{H H—{'—{H
i ) II—A{'—0311 l O é
H.OH éH OH H.OH H,OH
| Dihydroxyacetone | | -Erythrulose | | n-Ribulose | | n-Xylalose |

=ix carbons

ﬁ:n.iq:u—r Enﬂﬂn ﬁ:l—rzr_m H.OH
== =1} = ==}
H—l:!.‘—{IIH HIII}—LI—H H—I:!.‘—{IIH H-D—{lr—H
II—IIIZ'—{]III II—[I.‘—I{}III II{]I—IIIZ'—II HI( 1-—['.‘—11
H—t!—{:ll-l H—{—OH H——OH H—{!Z—DH
EI:H.;:H—I (I_'JI—I;__.IIJ-H EI:I—I.,_E:IH {_l!HEEI-H
p-Psicose | n-Fructose | n-Sorbose n-Tagatose
D-Retoses
(b}

Biomedically Important
Disaccharides

www.FirstRanker.com
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Disaccharides are class of
Carbohydrates, chemically
composed of two, same or
different Monosaccharide
units, linked by glycosidic
bond.

mmrer e DR

General Formula of

Disaccharides
Cn(H20)n-1
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Glycosidic Bonds

e

Glycosidic bonds are
Acetal/ Ketal bonds
involving the anomeric
carbon of Monosaccharides.

The Aldehyde/Ketone groups
participate in glycosidic bond,

[ts involvement looses reducing
property since, they wont remain
free.

www.FirstRanker.com
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*Glycosidic bonds are formed
with the interaction of two
hydroxyl groups of adjacent
sugar
residues(Monosaccharide)
with an elimination of water
molecule.

b (HOH ALK

;
T (W
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CH,OH B
h tal
emiaceta = i
OH ;:>///
OH |
alcohol OH
A
S Hydrolysis N~
Glycosidic e
Llnkage Condensation

CH,OH CH,OH
: acetal :

glyc0s1d1c linkage

Glycosidic bonds are
covalent, strong bonds
,Jinking one Monosaccharide
to another.

www.FirstRanker.com
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Glycosidic bonds are formed
with o/ configuration.

Ditfferent glycosidic bonds
form a different molecule
with different properties.

Types of Glycosidic bonds:
‘o (1-4)
* o (1-6)
* oa-f32
* ot(1-1)

‘B (1-4)

anker.com
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Reducing end- End with free
anomeric carbon, not involved
in formation of glycosidic bond.

Non reducing end- End with
no free anomeric carbon, since
involved in formation of
Glycosidic bond.

Types of Disaccharides

www.FirstRanker.com
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Reducing Disaccharides
e Lactose (Milk Sugar)

eMaltose
(Malt Sugar, Product of Starch digestion))

e[somaltose (product of Starch digestion)
eLactulose (Laxative)
eCellobiose ( Product of Cellulose)

Non Reducing Disaccharides
eSucrose (Cane Sugar )
*Trehalose

www.FirstRanker.com
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[Lactose
(Milk Sugar)

/ Components and Linkage

of Lactose

® Lactose is a Reducing Disaccharide

B (1-4 ) glycosidic bond

www.FirstRanker.com
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T CH,OH
B3-1,4 lin 5 f
6 O OH
OH :
3 2
OH
3 B-D-Glucose
OH
B-D-Galactose
| Lactose
Lactose

—

Galactose mwrsmneen  (GlucoSeE
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/§urce / Occurrence Of Lactose

Milk and Milk products.
Lactating Mothers body.

Biomedical Importance Of Lactose

Lactose has dietary and calorific
value.

GIT enzyme Lactase digests
Lactose by cleaving B3 (1-4)
glycosidic bond and releases free
Galactose and Glucose.

www.FirstRanker.com
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Lactase deficiency in GIT leads

to suffer from Lactose
Intolerance.

Certain bacteria can ferment
lactose to lactic acid - souring of
milk

(Lactobacillus).

Lactose may occur in urine during

e
Maltose

Maltose is a reducing
Disaccharide

Malt Sugar
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Components and Linkage Of
Maltose

o D Glucose -a D Glucose
« (1-4 ) glycosidic bond

Glucose to form Maltose

H H20H H Hng y

O 0( 0 OH

Hydrolysis

Condensation

H,OH
H L " H H,OH 3
0 o, OH

www.FirstRanker.com
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Glycosidic bond at C1| | a-1,4 link
6 6
(IZHQOH (‘:HZOH Hemiacetal at C1
5 O 5 0 %
4 1
OH N4\ OH
OH OH
3 : 3 | 2
OH / OH
a-D-Glucose a-D-Glucose
Maltose
Copyright © 2010 Pearson Prentice Hall, Inc.

Source / Occurrence Of Maltose

Malt grain, Germinating seeds,

Maltova.

In human GIT, source of Maltose
is through Starch and Glycogen
digestion by o Amylase

—aetivity.

www.FirstRanker.com
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g
Maltose is obtained in
GIT as an end product of

Starch and Glycogen
digestion.

T © o — /
— Biomedical Importance Of

Maltose

Maltose has dietary and
calorific value.

GIT enzyme Maltase digests

Maltose by cleaving o (1-4)
glycosidic bond and releases

two Glucose-units.
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Isomaltose

[somaltose is a reducing

Disaccharide.

Isomaltose is a product

of Starch and Glycogen

digestion.

Components and Linkage Of
Isomaltose

o D Glucose -a D Glucose
o (1-6 ) glycosidic bond

www.FirstRanker.com
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CHz20H

O

OH
OH l?
HO C

Hs

O

OH
OH

“Source /Occurrence Of Isomaltose

In human GIT
[somaltose is obtained
from Starch and
Glycogen digestion
by o-Amylase activity.
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° ° o /
~—— Biomedical Importance of
Isomaltose

[somaltose has dietary and
calorific value.

[somaltose is digested by GIT
enzyme Isomaltase to release
two Glucose units by cleaving

o (1-6 ) glycosidic bond.

Cellobiose

Cellobiose is a reducing
Disaccharide.

Disaccharide obtained from
Cellulose Digestion.

www.FirstRanker.com
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~ Components and Linkage Of

Cellobiose

B D Glucose - B D Glucose
B (1-4 ) glycosidic bond

www.FirstRanker.com
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Source / Occurrence of Cellobiose

Cellobiose obtained from
Cellulose digestion In GIT of
ruminants ( Cattle) .

Cellobiose is absent in
human GIT, since enzyme
Cellulase is absent which do
not digest Cellulose.

° ° i /
— Biomedical Importance of

Cellobiose

Cellobiose is absent in
human beings.

Not of biomedical
Importance.

www.FirstRanker.com
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Lactulose

Lactulose is a
Reducing
Disaccharide

—  Type, Components and

Linkage of Lactulose

B D Galactose - D Fructose
B (1-4 ) glycosidic bond
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Source / Occurrence Of Lactulose

. In Plants

www.FirstRanker.com
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[Lactulose:

Prepared by
alkaline
rearrangement of
lactose

—  Biomedical Importance Of
Lactulose

Lactulose has therapeutic
value; act as osmolar
laxative.

Relieves Chronic

Constipation.
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Oral administration of
Lactulose relieves hyper
Ammonaemia in patients of
Hepatic Encephalopathy.

e

,//

Treatment of Systemic
Encephalopathy By Lactulose.

» Mechanism of action:
- Lactulose is not digestible.
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