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Abstract-

Free oligosaccharides are the third most abunddiat somponent in milk after lactose and
lipids. The study of milk oligosaccharides indicalt@at nutrients are not only benefits the
infant’s gut but also perform a number of otherchions which include stimulation of
growth, receptor analogues to inhibit binding othogens and substances that promote
postnatal brain developmer8urveys reveal that camel milk oligosaccharidesgss varied
biological activities that help in the treatmentdsfbetes, asthma, anaemia, piles and also a
food supplement to milking mothers. In this resbkarcamel milk was selected for its
oligosaccharide contents, which was then processedKobata and Ginsburg method
followed by the HPLC and CC techniques. Structuueidation of isolated compound was
done by the chemical degradation, chemical transdtion and comparison of chemical shift
of NMR data of natural and acetylated oligosacclestructure reporter group theory, the
'H, °C NMR, 2D-NMR (COSY, TOCSY and HSQC) techniquesy amass spectrometry.
The structure was elucidated as under:-

MEDALOSE

Gal-B(1-3)GleNAc-B(1->6)Gal-B(1->4)Gle

GlcNAc-B(1>4)
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1. Introduction

Milk is a source of infant growth, development arwhtains proteins, fatty acids, minerals,
vitamins and carbohydrates especially, lactose #uge number of oligosaccharides.
Oligosaccharides in milk exert various bioactistiand modulate the immune systeth [
Milk oligosaccharides participate in several prtitex and physiological roles including
immunoregulation and inhibition of pathogen adhesiothe gastrointestinal tract of infant.
Human milk oligosaccharides (HMOs) perform a numbkefunctions including serving as
prebiotics to stimulate the growth of beneficialestinal bacteria, as receptor analogues to
inhibit binding of pathogens, and as substances gi@mote postnatal brain development.
Human breast milk play a very important role in gotonization and modulation of the
infants guf2]. Sheep milk aggravates hiccup and dyspnoea. lirgdtes pitta, kapha and fat.

It also contains fucose in its oligosaccharidesciwhdauses various biological activitig.
Ancient literature of Ayurveda has declared theantgnce of cow milk as immuno-stimulant
and natural aphrodisiac, it improves intelligenoares heart diseases and Leucoderma, also
cures bleeding disorders in intestipdg. In Middle East and Mongolia camel milk is
consumed as a nutrient provider for infants’ depaient. Since the time of Chinggis Khaan
(Genghis Khan), Mongolians have used camel milk aashealth-promoting product.
Mongolians literature says that fermented camek indls been used for treatment of Edema
in pregnant women and as an antiscorbutic agént Ip India camel milk is used
therapeutically against dropsy, jaundice, probleofisthe spleen, tuberculosis, asthma,
anaemia, and pile$]. Camel milk has proven to be beneficial for lteagments and for the
treatment of tuberculosig]| Patients with chronic hepatitis had improvecetifunction after
being treated with camel millg].

In the present study we have described the strictlucidation of novel camel milk
oligosaccharide isolated from camel milk by the moet of Kobata and ginsburg followed by
chemical degradation, chemical transformation aadous one and two dimensional NMR

spectroscopy and Mass spectrometric analytical odsth



2. Experimental-

2.1 General procedure

Same as described in our previous artifds

2.2 Isolation of camel milk oligosaccharides by thenethod of Kobata and Ginsburg-
Isolation of oligosaccharides from camel's milk wasne by the method of Kobata and
Ginsburg [L0], which yielded 315gm of oligosaccharide mixture.

2.3 Acetylation of oligosaccharide mixture-

For acetylation 12 g of oligosaccharide mixture ethgave positive phenol-sulphuric acid
test[11] was acetylated by standard method of acetylatjoadetic anhydride and pyridine,
which yielded 13.5 gm acetylated mixture mixturetfosaccharidefd].

2.4 Purification of compounds by Silica Gel Chromatgraphy-

Separation or purification of acetylated oligosauates (13.5 gm) was carried over silica gel
(500gm) using varied proportion of Hex: CHCI3, ChH@hd CHC4: MeOH as eluents,
collecting fractions of 300ml each. All these frans were checked on TLC and those
showing similar spots were taken together for frrtimvestigations. So ten fractions namely
1(4.28gm), Il (736mg) Il (3.29gm), IV (468mg), V (380mg) ,VI(2.007gm),IN1.06gm),
VIl (767mg), IX (319mg) and X (137mg) were obtatheSubstance B (95mg) was isolated
from fraction Il by repeated column chromatographye [o]p value of medalose acetate (B)
was +46.

2.5 Deacetylation of compounds Medalose Acetate

Medalose acetate (45mg) obtained from the columnonshtography of acetylated
oligosaccharide mixture was dissolved individuatlyacetone (3 ml) and NJ@H (3.5ml)
was added and this was left overnight in a stogpésalrolysis flask. After 24 h ammonia
was removed under reduced pressure and the compaasmavashed with (3 x 5 ml) CHCI
(to remove acetamide) and the water layer waslyirfiedeze dried giving the deacetylated
oligosaccharide i.e. Medalose (37mg).

Methylglycosidation/ Acid Hydrolysis of Medalose

Medalose (15mg) was refluxed with absolute MeOlh(Rat 70°C for 18 h in the presence
of cation exchange !R-120 (H) resin. The reactiontare was filtered while hot and filtrate
was concentrated. To a solution of methylglycositiMedalose in 1,4-dioxane (I ml), 0.1 N
H,SQ, (1 ml) was added and the solution was warmed GamButes at SITC. The hydrolysis
was complete after 22 h. The hydrolysate was niecdh with freshly prepared BaGO

filtered and concentrated under reduced pressuadfdod o.-and -methylglucosides along



with the Glc, Gal and GIcNAc. Their identificatiomas confirmed by comparison with
authentic samples (TLC, PC).

2.6 Killiani Hydrolysis of Medalose

Medalose (15mg) was dissolved in 2 ml of Killianixtare (AcOH-HO-HCI, 7:11:2)12]
separately and heated at 300for 1 h followed by evaporation under reducedsguee. It
was dissolved in 2 ml of 4@ and extracted twice with 3 ml CHCIThe aqueous residual
solution was made neutral by addition of 1-2 drop2N NaOH, to it and was evaporated
under reduced pressure to afford glucose, galacémske GICNAcC on comparison with
authentic samples of glucose, galactose and GICNAc.

2.7 Description of Compound-

Compound Medalose-

Compound b MedalosesHsgN2056 (37mg) viscous syruppp +52.8(c,4,H:0). Elemental
analysis: Calculated. %C 44.83, %H 6.37, %N 3.08 faund -%C 44.79, %H 6.29, %N
3.06. The molecular formula of compound Medalose WaHsgN2O,. For experimental
analysis, this compound was dried ove®fat 108 C and 0.1 mm pressure for 8 hr.

The presence of sugar units in compound Medaloge been confirmed by NMR and Mass
spectrometry.

'H NMR values of Medalose in RO:

2.00 ppm([s, 3H, NHCOCHI B-GIcNAc (S-3)], 3.28 ppm [t, 1H, J=7.0 HR;Glc(S-1), H-2],
3.93 ppm [B-Gal (S-2), H-4],4.06 ppm [t, 1HB-GIcNAc(S-3), H-3],4.47 ppm [d,2H, J=7.5
Hz, B-Gal (S-2 and S-4), H-1] ,4.53 ppm [d, 1H, J=7.8 B&IcNAC (S-3), H-1],4.56 ppm
[d, 1H, J=9.0 HzB-GIcNAc (S-5), H-1], 4.67 ppm [d , 1H ,J=8.7 HzGlc (S-1), H-1], 5.23
ppm [d,1H, J=3.8 Hxy-Glc (S-1),H-1].

13C NMR values of Medalose in RO:

21.8 ppm [s,NHCOCEH]., 24.9 ppm [s,NHCOCE], 91.8 ppm §-Glc (S-1),C-1], 96.5 ppm
[B-Glc (S-1),C-1], 102.3 ppmBfGIcNAc (S-3), C-1], 102.8 ppnpi{Gal (S-2 and S-4),&-
GIcNAc (S-5), C-1], 173.6 ppm [s,NHCOGH

'H NMR values of Acetylated Medalose in CDGt

4.48 ppm [d, 1H, J=8.4 HB;GIcNAc (S-3), H-1], 4.49 ppm [d,2H, J=8.3 HzGal (S-2 and
S-4), H-1], 4.51 ppm [d, 1H, J=9.0 H#GIcNAc (S-5), H-1], 5.68 ppm [d, 1H ,J=8.7 H3,
Glc (S-1), H-1], 6.25 ppm [d,1H, J=3.6 RHeGlc (S-1),H-1].

13C NMR values of Acetylated Medalose in CDGI



89.1 ppm §-Glc (S-1), C-1], 91.7 ppnBfGlc (S-1),C-1], 101.1 ppnBfGIcNAC (S-3& S-5),
C-1]., 101.3 ppmf-Gal (S-2 & S-4), C-1]

ES Mass of Medalose:

933[M+NaJ’, 910 [M], 908 (95% in exp), 892, 861, 848(68% in exp), 8847, 819, 819,
789 (60 % in exp), 771, 758, 748 (33% in exp), 7818 (40% in exp), 699, 681 (20% in
exp), 659, 652 (10% in exp), 621, 611, 590, 579%, H58(5%), 545, 527, 496, 479,
465(100%), 406(18%), 402, 384(6%), 375, 357, 34K, 293, 275, 266, 260(28%), 239,
223(35%), 200, 190, 187(10%).

3. Result and Discussion-

Medalose, G4HssN.Oo6 [0] p +52.8 gave positive Phenol- sulphuric acid ERt[ Feigl
test[L3], Morgon-Elson tesf[4] showed the presence of normal and amino sugar(&)e
compound. The HSQC spectrum of acetylated medadmstate in CDGI showed the
presence of five cross peaks of six anomeric peogod carbons in the respective regiod at
6.25 ppm x 89.1 ppm (1C 5.69 ppm x 91.7 ppm (1CP,4.48 ppm x 101.1 ppm (1CJ,
4.51 ppm x 101.1 ppm (1C) addt.49 ppm x 101.3 ppm (2C) suggesting the presehsix
anomeric protons and carbons in it. FurthdrNMR spectrum of medalose acetate at 300
MHz in CDCk showed five signals for six anomeric protord &.25 ppm (1H)$ 5.69 ppm
(1H), 6 4.48 ppm (1H)p 4.51 ppm (1H), and 4.49 ppm (2H) indicating that the Medalose
acetate may be pentasaccharide in its reducing. fibrwas further supported by appearance
of five signals for the six anomeric carbonsse89.1 ppm (1C)p 91.7 ppm (1C)p 101.1
ppm (1C),5 101.1 ppm (1C) and 101.3 ppm (2C) in th&C NMR spectrum of acetylated
Medalose in CDGl The*H NMR spectrum of Medalose at 300 MHz in@exhibited five
doublets for six anomeric proton signaldd&.23 ppm (1H), 4.67 ppm (1H), 4.56 ppm (1H),
4.53 ppm (1H) and 4.47 ppm (2H) indicating that¢benpound may be a pentasaccharide in
its reducing form giving signals fon and 3 anomers of glucose at its reducing end.
Methylglycosidation of medalose by MeOH/Hollowed by its acid hydrolysis led to
isolation ofa and [3- methyl glucosides, which suggested the presemagucose at the
reducing end of the oligosaccharide. It was alstficoed by the presence of two anomeric
proton signals ab 5.23 ppm an@® 4.67 ppm fora andB-Glc. The pentasaccharide nature of
medalose was further confirmed by the presencewfdoublets for six anomeric carbondat
91.8 ppm (1C)p 96.5 ppm (1CH 102.3 ppm (1C) and 102.8 ppm (3C) it°C NMR of
medalose in BD. The five monosaccharides present in Medalose haen designated ag S

S, S, Sy, and Sfor convenience starting from reducing end. To canthe monosaccharide



constituents in Medalose, it was hydrolysed undesng acidic conditions. In Killiani
hydrolysis under strong acid condition, it gaveethmonosaccharides i.e. glucose, galactose
and N-acetyl-glucosamine, confirming that the psataharide consists of three types of
monosaccharide units. TH&HINMR of Medalose acetate contains two anomeric gorot
signals a6.25 ppm and5.69 ppm showed the presencencdndp-glucose (9 present at
the reducing end. The anomeric proton prese@5#&9 ppm contain three cross peaks at
05.02 ppm,05.23 ppm and3.69 ppm in the TOCSY spectrum of Medalose acetatepf
which the cross peak presentdt69 ppm was assigned for glycosidic linkage whics
later identified for H-4 of the reducing glucose thyeg COSY spectrum of Medalose acetate
confirming that H-4 of reducing glucose was avddafor glycosidic linkage by the next
monosaccharide. Further another anomeric protomldbwhich was present &4.61 ppm
was due to presence of galactose which was linked-# of reducing glucose, showing
presence of Lactosyl moiety at the reducing enMedalose. Since the presence of glucose
was also confirmed at its reducing end of Medalmsenethyl glycosidation/acid hydrolysis
was also supported Bf NMR of Medalose which contains two anomeric prosignals for

a- andpB-Glc atd 5.23 ppm (J=3.8 Hz) and at4.67 ppm (J=8.7 HZ}b,14. It also contains
another anomeric proton doubletdad.47 ppm (J=7.5 Hz) which was due to presendg- of
Gal ($) moiety [17] in the Medalose. The large coupling constantrafraeric proton signal

of Gal(S) 6 4.47 ppm (J=7.5 Hz) confirmed tleglycosidic linkage between,&nd 3.
Presence of reducing glucose along v@tksal moiety present in Medalose suggested the
presence of a lactosyl moiety i.e. a4 - 4) Glc in Medalose which was further confirmed
by B-Glc (S) H-2 signal (a structure reporter groupd|[which appeared as a triplet@B.29
ppm confirmed the presence of lactosyl moiety ind&lese. Further the anomeric proton of
[B-galactose present &t4.48 ppm showed three cross peak®mail5 ppm, 4.53 ppm and
03.73 ppm in the TOCSY spectrum of Medalose acetatepf which the cross peak present
at 83.73 ppm showed availability for glycosidic linkagg the next monosaccharide unit
which was later identified for H-6 of th&-galactose by the COSY spectrum of Medalose
acetate confirming that H-6 @#-galactose (8§ was available for glycosidic linkage by the
next monosaccharide unit. The presence of anoti@naric proton signal present&t.51 in

the 'HNMR of Medalose acetate was due to presence dfl&icshowed that the GIcNAc
was present as the third monosaccharide unit linkgglal $ at H-6. Further the presence of

another anomeric proton doubletée4.53 ppm (J=7.8Hz) along with signal of amide rgkth



group atd 2.00 ppmtHNMR of Medalose in BO, was due to the presencefeGIcNAC (S)
moiety [L9]. The large coupling constant of anomeric prot@nal of GIcNAc () 84.51
ppm (J=7.5 Hz) confirmed thp glycosidic linkage betweenzSnd $. The H-4 proton
resonance o8 Gal (S), which appeared & 3.93 ppm implies that th@GIcNAc (S) may

be 1- 6 linked top-Gal(S;)(SRG)R0,21. This was confirmed on the basis of presenc@-of
Gal (S), H-6 atd3.84 ppm and C-6 &73.8 ppm and chemical shift analogie3eGIcCNAC
(1-6) Galf3 as given by Dua et.dlS;) [22]. Further the anomeric proton @fFGICNAC
showed three cross peaksddt12 ppm,53.62 ppm and3.80 ppm in TOCSY spectrum of
Medalose acetate. Further the COSY spectrum ofaled acetate confirmed that signal at
chemical shift ad4.12 ppm was due to H-2 methene proton of GICNAg, (8hile the signal
at53.80 ppm an@d3.62 ppm was due to H-3 and H-4 protons pfeSpectively, out of which
the positions of H-3 and H-4 protons Bf GICNAc (&) at o 3.80 ppm and 3.62 ppm
respectively which imply that H-3 and H-4 @@GIcNAc (S) were involved in the
glycosydation with the next monosaccharide unihe presence of another anomeric proton
signal present ai4.49 ppm was due to the presence galactose inptram of Medalose
acetate. Since H-4 showed a signaba62 ppm confirmed that Gal, Svas glycosydically
linked to H-3 of Q. The large coupling constant of anomeric protgmai of Gal () 84.51
ppm (J=7.5 Hz) confirmed th& glycosidic linkage between,&nd 3 Further the presence
of another anomeric proton signal appeare® dt47 ppm (J=7.5 Hz) which was due to
presence of §-GIcNAc moiety ($) confirmed that $(GIcNAc) was linked to H-4 off-
GIcNAc (Ss) in spectrum of Medalose in,D. The large coupling constant of anomeric
proton signal of GIcNAc (§ &4.51 ppm (J=7.5 Hz) confirmed tH& glycosidic linkage
between Sand S The linkage between;&nd Q was established on the basis of presence of
downfield shifted H-3 proton of GICNAc {pat & 4.06 ppm as triplet. It was further
confirmed by anomeric proton chemical shift valdettos B-Gal moiety (3), which was
identical with the anomeric proton chemical shifilue of 3-Gal (S) of lactosyl moiety,
which is a structure reporter group fof &d S linkage R3]. Another anomeric signals
appeared ab 4.56 ppm (J=9.0 Hz) along with signal of methybyp atd 2.00 ppm was due
to presence db-GIcNAc moiety (S) which was linked to H-4 dB-GIcNAC (S).

'H and *C NMR values in D,O (TABLE 1)



"H NMR (in ppm) | C NMR (in ppm) | Coupling Constt.(J)(in HZ)
a-Glc 5.23 91.8 3.8
B-Glc 467 96.5 8.7
B-Gal 4.47 102.8 75
B-GIcNAc 4.53 102.3 7.8
B-Gal 4.47 102.8 75
B-GIcNAc 4.56 102.8 9.0

The™*C NMR values of anomeric carbons and ring carbdmdeslalose are given in table 2.
The various values of ring carbons are in accorelanith *°C value of their respective

monosaccharides, which also supports the derivadtate.

3C NMR values (in ppm)of Medalose (TABLE 2)

C-1 C-2 C-3 C-4 C-5 C-6 CO GH

a-Glc 91.8 73.6 71.65| 78.01 70.9 60.44

B-Glc 96.5 74.9 75.2 7759 749 62.0

B-Gal 102.8 | 70.9 73.5 70.7 70.8 73.8

B-GIcNAc | 102.3 | 60.9 78.5 78.01] 74.9 62.0 173.6 21.8

B-Gal 102.8 | 71.0 72.4 70.9 76.18 60.9

B-GIcNAc | 102.8 | 61.9 74.9 72.4 75.29 62.0 173.6 24.9

The pentasaccharide nature of medalose was fucth&irmed by the spectral studies of
acetylated product of compound B. These studiesra@e on the basis of HOMOCOSY,
TOCSY and HSQC connectivities. The glycosidic lig&s were assigned by the cross peaks
for glycosidically linked carbons with their promm HSQC spectrum of medalose acetate.



The values of these cross peaks areBaSic (S) H-4 and C-4 ab3.79 ppm x 75.94 ppm
shows (1-4) linkage,3-Gal ( $ & S;) H-6 and C-6 atd 3.82 ppm x 73.67 ppm shows
(1- 6) linkage 3-GIcNAc(Ss) H-3 and C-3 ab 3.88 ppm x 75.94 ppm shows (B) linkage
and also it's H-4 and C-4 &t3.8 ppm 2 x 75.81 ppm shows<#) linkage respectively. The
ES MASS spectrum of medalose not only confirmeddigs@ved structure but also confirmed
the sequences of the monosaccharides in medalbséhighest mass ion peak were recorded
m/z 933 which was due to [M+Na]lt also showed the M910 which confirmed that the
molecular weight of compound was 910. Further thassnfragments were formed by
repeated H transfer in the oligosaccharide and a@®mpanied by the elimination of
terminal sugar less water. The fragmentation paghwanfirmed the sequence of

monosaccharide units in the pentasaccharide (schgme
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SCHEME 1:- ES MASS FRAGMENTS OF COMPOUND MEDALOSE



The pentasaccharide on fragmentation gave a magse@k at m/z 748(l), corresponding to
tetrasaccharide unit, which was due to loss ofsgar unit i.e. Gal (S-4) sugar unit linked to
the S-3 of pentasaccharide. It was supported byegpective fragment at m/z 180, which
confirmed the presence of Gal (S-4) at non reducamgl. The tetrasaccharide on
fragmentation gave a mass ion peak at m/z 54%(h)ch was due to loss S-5 sugar unit i.e.
GIcNACc (S-5) sugar unit linked to the S-3 of teeacharide unit.. It was supported by m/z
527 (545-HO). The trisaccharide on fragmentation gave massp®ak at m/z 342(lll),
which was due to loss of S-3 sugar unit i.e. GIcCN&€e3) sugar unit linked to the S-2 of
trisaccharide unit. This disaccharide on furth@gfmentation gave a mass ion peak at m/z
180(IV), which was due to loss of S-2 sugar umit Gal (S-2) sugar unit linked to the S-1 of
disaccharide. The other mass fragments obtainedn/aB892(910-HO), m/z 844(892-
CH,OH), m/z771(844-CKLDH), m/z 848(910-2CkDH), m/z 789(848-CLCO-OH), m/z
758(789- CHOH), m/z861(910- CKOH-H,O), m/z 819(861- CKCO), m/z 771(819-
CH,OH-OH), m/z837(910-CkDH- CH,CO) and m/z819(837-4D). The pentasaccharide
m/z 910 on fragmentation gave tetrasaccharide rB/¢WV4S,), which was further confirmed
by its other fragment ions at m/z 730(7482H, m/z 699(730-CEDH), m/z 681(699-KD),
m/z 621(681-CHOHCHO), m/z 590(621-CyDH), m/z 688(748-CLOHCHO), m/z
652(688-2H0), m/z 621(652-CLDH), m/z 579(621-CKCO), m/z 659(748-NHCOCH
CH,OH), m/z 611(659-CkDH-OH), m/z 593(611-kD), m/z 576(593-OH) and m/z
558(576-HO). The tetrasaccharide m/z 748 on fragmentative gasaccharide m/z527 due
to (M-Ss- H20), which was further confirmed by its other fragméns at m/z 465(527-
2CH,OH), m/z 406(465- CKCO-OH), m/z 375(406- C¥DH), m/z 357(375- kD), m/z
496(545- CHOH- H,O), m/z479(496-CKDH- H,O), m/z462(479-OH), m/z402(462-
CH,OHCHO), m/z 384(402- D) and m/z 342(384- CI€0O). The trisaccharide m/z 545 on
fragmentation gave disaccharide m/z342, which wahér confirmed by its other fragment
ions at m/z 293(342- GIDH- H,O), m/z 275(293- kD), m/z 257(275- kD), m/z 239(257-
H.,0), m/z190(239- ChDH- H,0O), m/z 325(342-OH),m/z 266(325- GEBO- OH), m/z
218(266- CHCO- OH) and m/z 200(218-J80).The disaccharide m/z 342 on fragmentation
gave monosaccharide m/z 180. Based on the resquttined from chemical degradation and
chemical transformation, mass spectrometry &d**C, HOMOCOSY, TOCSY, HSQC
NMR, the structure of the isolated pentasacchasidieduced as
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Gal-B(1-3)GIcNAcB(1-6)Gal-B(1—>4)Gle
4
2
1GIcNAc B

MEDALOSE

. Conclusion

From the above informations, we conclude that theickire of isolated camel milk

(0]

n

ligosaccharideMedalose This oligosaccharide was reported for the firstet from any

atural source or any milk and elucidated with tleép of spectroscopic technique likie,

3¢, 2 DNMR (COSY, TOCSY and HSQC) spectroscopy aadsyspectroscopy.
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Highlights

Isolation and structure elucidation of a novel afigccharide from camel milk.
Detailed structural analysis B, *C, 2D-NMR and Mass Spectrometry.
Traditional methods were also been used.

Biological activities of camel’s milk.
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