4 Important for RRB, AlIMS, ESIC, )

) SEPOY, CISF, GSSSB DSSSB,

(S §SC, CGHS etc.
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......................................... Carbohydrates

CH,OH

OH

Carbohydrates ;) e

HON—* . . 4 kcal/g
Carbohydrates are the most E ; a S HIEEIS9C THid | Faifdes qIg
_abundantorganlcblomolecules Classification of Carbohydrates ST dTet refic Sig-30] 8 |

They are mainly made of
carbon, hydrogen, and
oxygen, usually in a 1:2:1 ratio.

Simple Complex

Carbohydrates I 1:2:1 3T H |

They are polyhydroxy i s AL R e
aldehydes or ketones, or ﬁ polyhydroxy aldehydes/
compounds Fhat yield them Monosaccharides Ollgosacchandes Polysaccharides ketom?s gl % ar hydroly5|§
_OP"I?X?'_"S!Y_S-'_S_ _________________ Single sugar units 2-10 sugar units Many sugar units L1 3% aﬁ a-lﬁ !ﬁm m %l
They:aretheimajorsoticedf  a 20 28 3 4 28 & i & iwwm i PER it iy Eady
energy and provide 4 kcal/g. oo o-0-0-0 i zﬁg g?ﬁ?{; i

. . les: Examples: Exam Ies --------------------------------------------
Glycoproteins and glycolipids { Eag j [ P j P ) ot
are important parts of Glucose, Fructose Sucrose, Lactose Star&(::tﬂ)(l;zgen, Glycoproteins 3R glycolipids
cell membranes. cell membrane & Hg@quf
UH g |

Glycogen YRR # carbohydrate
&1 storage form g |

Glycogen acts as the storage
form of carbohydrate in
the body.

[ Y Key Takeaway: Structure - Function - Energy - Storage — Life j
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CH,OH

HO

nosaccharides

OH

Monosaccharides are the simplest
carbohydrates and cannot be
hydrolyzed into smaller sugar units.

By functional group: Aldoses contain
an aldehyde group (-CHO); Ketoses
contain a ketone group (>C=0).

By carbon number: Triose (3C),
Tetrose (4C), Pentose (5C),
Hexose (6C), Heptose (7C).

Combined classes include
aldohexose (glucose, galactose,
mannose) and ketohexose
(fructose).

Optical activity: D-form has —OH
on the right side of the chiral

carbon; L-form has —OH on the left.

Ring forms: Pyranose =
6-membered ring; Furanose =
5-membered ring.

5 Mo

1B |6 L

[ Monosaccharides J

(Single Sugar Units)
1
v ]
4 % R ( ")
By Functional Group By Carbon Number
Aldoses Ketoses
=) 00000
O I
I C=0 Triose Tetrose Pentose Hexose Heptose
) I g\ J
I |
¥ )|
Combined Classes Optical Activity
D-Form L-Form
Aldohexose Ketohexose -OH on right —OH on left
(glucose, of chiral carbon of chiral carbon
galactose, | (fructose) | |
mannose) H—C*—OH HO—C*—H
. J J' ! F,
¥
( Ring Forms

Pyranose
6-membered ring

O

Furanose
5-membered ring

)
<

$

Energy
4 kcal/g

Hdesed Tad T HraigEee
g € 3R 3% oI by ghrgal A
hydrolyze &l fasar ST GeheT |

Functional group & 38R G Aldoses
# aldehyde group (~CHO) 3R Ketoses
# ketone group (>C=0) giaT &1

Carbon atoms & 38R W: Triose (3C),
Tetrose (4C), Pentose (5C), Hexose (6C),
Heptose (7C) |

Combined classes ® aldohexose
(glucose, galactose, mannose)

3R ketohexose (fructose) ¥NfAeT & |

Optical activity: D-form & chiral
carbon & 18 3iR —~OH BIdT g,
Stafe L-form ® a8 3R —~OH gla1 g |

Ring forms: Pyranose =
6-membered ring, Furanose =
5-membered ring.

[ % Key Takeaway: Structure - Function = Energy = Storage —> Life j
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CH,OH

Aldose, Ketose & Reductlon

Energy

£

Reduction of monosaccharides
converts sugars into sugar alcohols.
Glucose = Sorbitol (Glucitol);
Galactose = Dulcitol (Galactitol).
Mannose = Mannitol;

Fructose = Sorbitol + Mannitol.
Aldose contains an aldehyde
group and the carbonyl is at the
terminal carbon.

Ketose contains a ketone group
and the carbonyl is usually at the
second carbon.

First members: Glyceraldehyde

is the first aldose; Dihydroxyacetone
is the first ketose. Aldoses are
reducing; most ketoses also
reduce after tautomerism.

Tealol, a’ﬁéﬁrsﬂ?ﬁmm

ALDOSE

CHO |
H—(|Z—OH
H—é—OH
H—(:Z—OH

CH,OH

KETOSE
Aldehyde ﬁHZOH Ketone
(-CHO) c|:= 0 (>C=0)
Carbonyl at b= (I: —OH Carbonyl
terminal -2 usually at
carbon H ? OH 2nd carbon
e
CH,OH

(" REDUCTION: SUGARS — SUGAR ALCOHOLS |

[ Glucose j
[ Galactose J
(
[

Mannose ]

Fructose ]

M, (" Sorbitol (Glucitol) )

(H]

[H] > [

(H]

— [ Dulcitol (Galactitol) |

Mannitol ]

> [ Sorbitol + Mannitol )

Feature

Aldose

Ketose

Functional group

Aldehyde (-CHO)

Ketone (>C=0)

Carbonyl position

Terminal carbon (C-1)

Usually 2nd carbon (C-2)

Example

Glyceraldehyde, Glucose

Dihydroxyacetone, Fructose

L Reducing nature

Reducing sugars

Mostly reduce after tautomerism)

[ % Key Takeaway: Structure — Function - Reduction - Sugar Alcoholg

4

Monosaccharides &T reduction

81 W sugar alcohols &7d &1

4 kcal/g

Glucose = Sorbitol (Glucitol);
Galactose — Dulcitol (Galactitol) |
Mannose = Mannitol;

Fructose = Sorbitol + Mannitol |

Aldose H aldehyde group BT 8
3fR carbonyl terminal carbon ™

g gl

Ketose & ketone group 8IdT &
3R carbonyl TH=Id: GE]
carbon W BT &1

UIH HGH: Glyceraldehyde Ugell
aldose & 37k Dihydroxyacetone
Ugell ketose & | Aldoses reducing
sugars 81d &; B ketoses

tautomerism & §1g reducing

behavior fa@Ta €|



HO

CH,OH  CH,OH

OH

OH OH

Disaccharides are made of
two monosaccharide units
joined by a glycosidic bond.

They are formed by
dehydration reaction with
removal of H,0.

They are usually soluble,
sweet, and may be
reducing or non-reducing.

Sucrose = Glucose + Fructose;
bond a-1,2; non-reducing sugar.

Lactose = Glucose + Galactose;
bond -1,4; reducing sugar.

Maltose = Glucose + Glucose;
bond a-1,4; reducing sugar.

Disaccharides

L 4 ii 2
S

# CH,OH ,,  SHOH )
Sucrose o a'l’ o
(Non-reducing
OH HO
Glucose Fructose
CH,OH CH,OH
Lactose o 3'1’4 o, OH
(Reducing
sugar) HO o
(0] ] OH
Glucose Galactose
CH,OH CH,OH
-1,4
Maltose o - l O
(Reducing 0 \
R HO OH
OH HO
K Glucose Glucose )

Energy
4 kcal/g

STSUBSST Gl monosaccharide
units ¥ e a9d %', S

glycosidic bond & 58 81d B |

¥ dehydration reaction
&RT §d 8, f5# H,0
fAdperar €

Y HETId: water soluble
3R sweet ?Iﬁ % AT

reducing Il non-reducing

2 phd ¢ |

Sucrose = Glucose + Fructose;
bond a-1,2; non-reducing sugar|

Lactose = Glucose + Galactose;
bond B-1,4; reducing sugar |

Maltose = Glucose + Glucose;
bond a-1,4; reducing sugar|

[* Key Takeaway: Structure = Formation = Properties — Examples]




CH,OH

£

Polysaccharides are complex
carbohydrates made of more
than 10 monosaccharide units.

Energy

m 4 kcal/g

YiefeTEgH FIfeet Prafersse
gid 8, f5d 10 ¥ arfers

monosaccharide units 81 g |

Polysaccharides
YTt ddIssd

They may be linear or Homopolysaccharides Heteropolysaccharides J linear AT branched g T&d &

F)ranched and are generally (Only one type of monosaccharide) (Tvrvnzgcr)s:(c)gﬁa?lizzz)d " @ : 31k 9 insoluble, tasteless

insoluble, tasteless, and :

. ; dAT non-sweet Bid & |

non-sweet. Linear A | EO A 450 Bl i R
------------------------ .‘-----.---—------- LR — em— - . -

Homopolysaccharides include 000000 o-0-00000 ﬂ Homopolysaccharides H .

glycogen, cellulose, inulin, Branched Bkl glycogen, cellulose, inulin

3R chitin 2fAa €1

Glycogen animals # energy
store @RdT &, STafds cellulose
plant cell wall @ structural

support a1 g |

and chitin.

Glycogen stores energy in
animals; cellulose provides
structural support in plant

o-0-0 Yy w -
-@
g

cell walls. Hyaluronic | | Chondroitin ( ; Keratan

---------------------------------------- [ Acd || suffate || 7P || suifate
Heteropolysaccharides include O§O Heteropolysaccharides #
hyaluronic acid, chondroitin F”"Ct'ons hyaluronic acid, chondroitin
sulfate, heparin, and keratan ! ! i % sulfate, heparin 3iR keratan
sulfate. W @ sulfate A €|
Impc.)rtar)t roles: J_omt Energ Structural Joint Cartllage .Antucoagulatlon Corneal @ ¢ I_ “5.@ 28 % joint -
lubrication, cartilage Storage |  Support i Lubrication ! Elasticity Transparency lubrication, cartilage elasticity,

(Animals) i (Plant Cell Wall) : :

elasticity, anticoagulation,
and corneal transparency.

[ W Key Takeaway: Polysaccharides = Structure & Function for Lifej

anticoagulation 3fR corneal
transparency |
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* » Reducing vs Non-Reducing Sugars Erl.:;?/yg

Reducmg sugars have a free
anomeric carpon and a free
aldehyde or ketone potential.

They show mutarotation and
give positive Benedict’s,
Fehling’s, and Tollen’s tests.

Examples: all monosaccharides,
maltose, and lactose.

Non-reducing sugars have
the anomeric carbon blocked
in a glycosidic bond.

They do not show mutarotation
and give negative reducing
sugar tests.

Examples: sucrose, trehalose,
and many polysaccharides.

REDUCING SUGARS

] [ NON-REDUCING SUGARS |

Free anomeric carbon Anomeric carbon
blocked in glycosidic bond
0 CH,OH CH,OH
2 2
' \ N s
C—0—C
OH OH [ |
OH OH
Can open to Cannot open to
aldehyde or ketone aldehyde or ketone
( REDUCING SUGAR TESTS \
(" Benedict'sTest | [ Fehling’s Test T (" Tollen’s Test )
Positive Negative Positive Negative Positive Negative
Brick-red Blue Brick-red Blue Silver No silver
i3 ppt solution ik ppt solution 4 mirror mirror

J

ﬁaqﬁmmm ﬁaqﬁ.ﬁwepn

©

Reducing sugars # free anomeric
carbon giar & 3iR aldehyde ar
ketone group < & &1 BT B |

¥ mutarotation femmd & ae
Benedict’s, Fehling’s 3R
Tollen’s tests § positive

result Sd ¢ |

3IETEL0T: YT monosaccharides,
maltose 3R lactose |

Non-reducing sugars & anomeric
carbon glycosidic bond ¥
block &Y SiraT 2 |

ﬁ mutarotation 98} fe@d 3R

reducing sugar tests &
negative result d g |

3GI8UT: sucrose, trehalose dT
%3 polysaccharides |

( W Key Takeaway: Free anomeric carbon = Reducing — Blocked anomeric carbon = Non-Reducing ]




2 EST PHARMACIST. COURSE (i)
RECOMMENDED FOR YOUR PREPARATION

PHARMACIST 7, /

MAY BATCH //|

| ADMISSJON

u - @ . s e L) SUBJECT- WISE E-NOTES

4 )
AN .‘“" 2 6395596959
NS i | e, | s S0uRislzea
RN ' i

N =

A - nnnn A 0 8 HEEEEEEEE oo~ Ee— 0 oo

ALL INDIA

PHARMACIST

MAY BATCH .

MAY BATCH //

RAJASTHAN
PHARMACIST

—PHARMACIST—

+~MAY B, BATCH

QQ'CONTACT FOR ADMISSION RELATED QUERIES- 6395596959, 9259827802


https://play.google.com/store/apps/details?id=co.april2019.pindia

Epimers are stereoisomers
that differ in configuration
at only one chiral carbon atom.

They have the same
molecular formula and
the same functional groups.

All epimers are
diastereomers, but not
all diastereomers are epimers.

Glucose and Galactose
are C4 epimers.

Glucose and Mannose
are C2 epimers.

Ribose and Arabinose
are C2 epimers.

YL

Epimers

N

(~ By
Glucose Galactose
CHO CHO
H OH H OH
[HO__H ]0 ----- - C4 Gecnnn - [ }0—— HO]
H—1—OH Epimers H—1—OH
H—— OH H==—=0H
| CH,;O0H CH,O0H |
g N
Glucose Mannose
CHO CHO
H——OH (HO——H )
(HO——H J*—*| €2 [+ “Ho——¢n
H —+— OH Epimers H—— OH
H—— OH H—+— OH
! CH,OH CH,0H |
[ N\
Ribose Arabinose
CHO CHO
H—— OH H —+— OH
H Al OH . i - ’[ HO__ H ]
H——o0oH ekl H—1—0H
CH,;0H CH,0OH

=

Epimers T& stereoisomers &
S8 Pact U chiral carbon atom

W configuration T 3R BT & |

1Pl molecular formula 3R
functional groups A gd g

94T epimers diastereomers

Bid &, aifc Tt diastereomers
epimers el ald |

Glucose 3R Galactose,
C4 epimers g |

Glucose 3R Mannose,
C2 epimers g

Ribose 3R Arabinose,
C2 epimers =

[ * Key Takeaway: Same Formula + Same Functional Groups — Differ at One Chiral Carbon = Epimers (Diastereomers) J
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CH,OH

Carbohydrate Metabolic Pathways

Energy

27

Glycolysis occurs in cytoplasm and
forms 2 pyruvate, 2 ATP, and 2
NADH; PFK-1 is the rate-limiting
enzyme.

Gluconeogenesis occurs mainly in
liver and kidney and forms glucose;
fructose-1,6-bisphosphatase is key.

Glycogenesis stores glucose as
glycogen; glycogen synthase is
the key enzyme.

Glycogenolysis breaks glycogen
to glucose-1-phosphate; glycogen
phosphorylase is key.

Pentose phosphate pathway forms
NADPH and ribose-5-phosphate;
G6PD is the key enzyme

TCA cycle generates CO,, NADH,
FADH,, and GTP; lactate fermentation
forms lactate in low O,.

Pralgrsac AerEiield qred

(" GLYCOGENESIS |

3 ~ § =
GLUCONEOGENESIS GLYCOLYSIS
(Liver, Kidney) (Cytoplasm)
L 2 Pyruvate
Glucose .— ZYKTP
Key Enzyme:
Fructose-1,6- \_ 2 NADH )
L bisphosphatase y l
V\ y

— .

(Storage) 4_ GLUCOSE
Glycogen (Blood / Cell)
(from Glucose) '
Key Enzyme: l
Glycogen Synthase - N
. 4 PYRUVATE
f lycolysi
* d rom Glycolysis)
(" TcACYCLE )
M|tochondr|a
Co,
NADH
( FADH,
GTP r

( PENTOSE PHOSPHATE )

PATHWAY (PPP)
NADPH

Ribose-5-Phosphate

Key Enzyme:
G6PD

(

(" GLYCOGENOLYSIS )
(Breakdown)

Glucose-1-Phosphate
(from Glycogen)

Key Enzyme:

Glycogen Phosphoryla&

)_$

2

LACTATE
FERMENTATION
(LOW 02)

from P t
(from Pyruvate) J

~N

Lactate

4 kcal/g

Glycolysis cytoplasm & gidt § 3R
2 pyruvate, 2 ATP a1 2 NADH
S §; 39 rate-limiting
enzyme PFK-1 g |

Gluconeogenesis T&a: liver 3R
kidney ¥ gidit 831R glucose &t
8; fructose-1,6-bisphosphatase

39S W@ enzyme & |

Glycogenesis, glucose @! glycogen
% ¥4 H store &l §; glycogen
synthase 39T key enzyme & |

Glycogenolysis, glycogen @I
glucose-1-phosphate ® drsd! ;
glycogen phosphorylase key
Pentose phosphate pathway,
NADPH 3R ribose-5-phosphate
§ATd §; G6PD 39T U@

enzyme % |

TCA cycle ¥ CO,, NADH, FADH,
3R GTP §d &; low O, & lactate
fermentation @ lactate ST & |

[ % Key Takeaway: Glucose <> Pathways — Energy (ATP) + Reducing Power (NADH, NADPH) + Storage (Glycogen) + Biomolecules J




Glycogen Storage Diseases - Part 2.

Type V McArdle disease:

e muscle glycogen
phosphorylase deficiency;
skeletal muscle affected.

£ % Key features:
muscle cramps, exercise

intolerance, myoglobinuria.

Type VI Hers disease:

e liver glycogen
phosphorylase deficiency;
liver affected.

w Key features:
mild hypoglycemia and
hepatomegaly.

Type VII Tarui disease:
e muscle phosphofructokinase

deficiency; muscle affected.
g+

Key features:
similar to Type V,
with hemolysis.

TATSPIol YRS feotlet - 4T 2 @

\.

S

Type V McArdle disease:
~ Def AT - e muscle egcogerégT -
eficient ecte phosphorylase :
Type Enzyme Organ Key Features ﬂ skeletal muscle yIfad|
* T A&
Muscle ) MUSd.e CaHipe muscle cramps, exercise
glycogen E ExerCISe intolerance, myoglobinurial
phosphorylase |  Skeletal mtoleran.ce Hl B i
Muscle e Myoglobinuria @ Type VI Hers disease:
e liver glycogen
@ Liver m * Mild Q7 ﬁ\t‘:rsphoryla:se &1 B,
glycogen hypoglycemia
% & &
phosphorylase Liver  Hepatomegaly mild hypoglycemia 3R
hepatomegaly |
@ Muscle e Similar to @ Type VII Tarui disease:
phospho- Type V e muscle .phosphofructokinase
fructokinase Skeletal e Hemolysis %1 I, muscle S|
Muscle

Z/'/ L* g}?;ea\fgé symptoms, J

g & hemolysis |

[* Key Takeaway: Enzyme Defect — Glycogen Metabolism Impaired — Organ Dysfunction — Characteristic Clinical Manifestationsj




% Glycogen Storage Diseases — Part 1
TATSBIN IR fSeilet — w1

Glycogen

Type | Von Gierke disease:
glucose-6-phosphatase
deficiency; severe fasting
hypoglycemia, lactic acidosis,
hepatomegaly.

Type |l Pompe disease:
lysosomal acid a-glucosidase
% _ deficiency; cardiomegaly,
U 1) [// muscle weakness,

early infant death.

Type Il Cori/Forbes disease:
debranching enzyme deficiency;
w milder hypoglycemia,

ﬂ hepatomegaly,
muscle weakness.

Type IV Andersen disease:
branching enzyme deficiency;

w % hepatosplenomegaly,

cirrhosis, failure to thrive.

e

Type | Deficient Enzyme Affected Organs Key Features
A==
ypoglycemia
zh;).s?hatase » Lactic acidosis
chciency Liver Kidney | « Hepatomegaly
W
Lysosomal acid I’f(; / » Cardiomegaly
a-glucosidase Qs / « Muscle weakness
deficiency oot Muscle | * Earlyinfant death
Debranching « Milder hypoglycemia
enzyme  Hepatomegaly
deficiency Liver  Muscle | ® Muscle weakness
Branching » » Hepatosplenomegaly
enzyme e Cirrhosis
deficiency Liver  Spleen | * Failure to thrive

>

Type | Von Gierke disease:
glucose-6-phosphatase @1 &a;

Q? severe fasting hypoglycemia,
lactic acidosis, hepatomegaly |

Type |l Pompe disease:
lysosomal acid a-glucosidase

2 @I Bl cardiomegaly,
( .
é ﬂ muscle weakness, infants #

Type Il Cori/Forbes disease:
debranching enzyme @ &4l;
milder hypoglycemia,
hepatomegaly,

muscle weakness|

Type IV Andersen disease:
branching enzyme @I &4T;
hepatosplenomegaly,
cirrhosis, failure to thrivel

[ * Key Takeaway: Enzyme Defect = Glycogen Accumulation = Organ Dysfunction = Clinical Manifestations j




Chemical Tests for Carbohydrates - Part 2

....................................

FrdigIss ey & AP GRIE0T - ¥ 2

5. Seliwanoff’s test: [Seliwanoﬂ’s] [ Bial’s ] [ lodine ]

detects ketoses such as
fructose; cherry-red
color quickly.

6. Bial’s test:
detects pentoses;
bluish-green color.

7. lodine test:
starch gives blue-black
color; glycogen

gives red-brown color.

v
'!
3
Starch
(Blue-black)
'%:ﬂ M
J '/{ ‘\

8. Osazone test:

Cherry-red :
identifies reducing sugars co?:)r Bluish-green
by characteristic quickly color
crystals.

Starch:
blue-black

Glycogen:
red-brown

Glycbgen ‘
(Red-brown) *

e

|
%

e

#*

N\

&

L D)

Characteristic

crystals

5. Seliwanoff’s test:

P S eIl B
qdT HdT &; -8 3T
STegl 3TdT gl

6. Bial’s test:
Yoy &Y UdT &l &
I T- I 3T 3ra B

......................................................

7. lodine test:
e err-drerm 37 a1 B
TATSEhIS ATeT-RT 37T T B

8. Osazone test:
Regfei R oI ugaH
3o faforee fopeec
 gidt 8l

[* Key Takeaway: Simple reactions = Clear colors = Accurate identification @]




Chemical Tests for Carbohydrates - Part 1
BTATETESEH % AT &I - T 1

1. Molisch’s test: Molisch Benedict Fehling Barfoed 1. wiferT &1 wifeqor:
Detects all carbohydrates. l off Prafersged B udT eI gl
Positive result: HRTcHP GROTH:
Violet / purple ring at junction. SR W S/ S R gt 21
H 2. Benedict’s test: 2. SHfSee BT uteor
Detects reducing sugars. H TIPS BT BT YdT T &
Positive result: gBTcHP IROTH:

Green, yellow, orange
or red precipitate.

3. Fehling'’s test:
Detects reducing sugars.

B I e e T

3. tgfeiT o1 udteyor:
3T T T UaT oiTTaT 8l

S,

Positive result: TP IROTH:
Brick-red precipitate. | Sc-cITel 3d&lY §-7aT gl
I 4. Barfoed’s test: | - - . _m——— 4. SRBIE BT ydteror:
Detects monosaccharides. Violet / gﬁg&: Gl Red TARRIECE BT gaT T 2
Positive result: purple ring orange t ppt within HBAHD YROTH:
Red precipitate within 2-3 minutes, | 2tJunction °L$‘d o &3 min 2-3 e & iR o1 3aay §aT &

[ * Key Takeaway: Simple reactions — Clear colors / precipitates = Accurate identification @J
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