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Studies on fhe Analysis of Constituents of Deer Horn (II)

—Analysis of gangliosides and free amino acids—
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Abstract—Two kinds of gangliosides contained in deer horns were determined by
integrating the peaks of TLC densitometry. Japanese deer horn originated from China
showed the highest gangliosides among tested samples and the upper parts in deer
horns showed higher gangliosides than the lower parts. In the’ case of graded samples,
the best grade A showed the highest content and the worst grade E did the lowest
content. Sixteen kinds of free amino acids were analyzed by auto amino acid analyzer.
The lower region the deer horn was, the more the total content of free amino acids
was and several kinds of amino acids were contained quite regularly.

Keywords—Deer horn « gangliosides « free amino acids

BEEE ¥k, A4 ExF YgFoz!it o

FF 2 AR A gkt o]E8 4 & &l 2

HAE = 71Eo] ulEFe AFolu, o

ARG dA e FEHZ JIE B ANZ, Aok = 7(7|

Hio AR FoFdts, AREFSel wekA of NE—E Ago] ALY BEERT A=E AR
£ A7k e Ao2 d¥A o FAFE o I EHEY AATE AL

S} FALAE 4% Jl2H 479 d3oez A A 2k—Sodium citrate, sodium hydroxide, sod-

B A AAE EHEFE Y FE 9 359 fum acetate, benzyl alcohol, thiodiglycol, BRIJ-

FF-¢ £43%12 gangliosides 23] TLC 35, ninhydrin, amino acid mixer standard %-

& B mEAH3e] 2ug vl gled, EH  Wako Pure Chemical A &9 ofulxit 24

Fo FAEle A A7 9oz AX 2 Ak, capric acide}t s Aok A} 1F

5913 ganglioside st f2] opvlx4t FeF  AMESATh. =¥, ganglioside H2]8 A<
¢ ¥As 1 A%E 2udus gk Ausk FYG Aokg g3

71 7] —Auto amino acid analyzer (Model 835,

ffo dlo ol rlo

38



Vol. 24. No. 1, 1993

Hitachi Co.), dual wavelength TLC scanner
(CS-930, Shimadzu Co.).
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Table I. Analytical conditions of amino acids

Item Condition
Column 2.6 %150 mm
Ion-exchange resin Hitachi #2619
Analytical cycle time 70 min
Buffer flow rate 0. 225 ml/min
Ninhydrin flow rate 0.3 ml/min
Buffer change steps 5 steps
Column temperature 53°C

' 2.0~15.0 gg/mle] G A AFAE
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Table II. Reproducibility of gangliosides(Rf 0.39
and Rf 0.42) by zig-zag TLC scanner

Ganglioside(%)
Sample
Rf 0.39 Rf 0.42
1 104.6 102.5
106.7 105. 3
3 107.1 101.2
Mean 106.1 103.0
A 2y

AR, 3948 92 S =#E AL £
Hg o] &3le] EAG A BE ARAA AF
o] 7453l e zig-zag TLC chromatogram
scanning profileg Fig. 2A¢} Fig. 2Be] 1}l
§lz A A e Table III & Table IVe] v}t
Jgtet. |
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Fig. 1. Calibration curves of gangliosides of Rf 0,39 and Rf 0,42
o; gangliosides of Rf 0.39 (y=54330, 14-9110. 9%, r=0.9908)
s; gangliosides of Rf 0.42 (y=25497. 3--13740.9x, r=0.9999)

Table ITI, Ganglioside contents (Rf 0.39 and Rf 0.42) of various deer horn

Contents of ganglioside(ug/g)

Samples
R{0.39 Rf 0.42 Total
New Zealand deer horn Upper part 1174 900 2074
Middle part 374 344 718
Lower part 727 376 1103
China deer horn (Red deer) Upper part 233 190 423
Middle part 68 a9 167
China deer horn(Japanese deer) Upper part 1637 1225 2862
Lower part 411 348 759
Soviet deer horn Upper part 740 979 1719
Middle part 254 364 658
Lower part 95 246 341
Alaska deer horn Upper part 611 435 1046
Cervi Cornu N N N
Min. N N N
Max. 1637 : 1225 2862
Mean 530 459 989

N: not detected
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Fig. 2A. Scanning ptofiles of gangliosides in deer horns
Abbreviations; N: New Zealand, CE: China(E}i), CN: China(Jg{EFE),

S: Soviet, U: upper parts

Adsorbent: Kieselgel 60Fs5 precoated TLC plate(Merck Co.)
Developing solvent; CHCls-MeOH-0.02% CaCly(60: 35 : 8)

Visualization: heating at 105°C for 10min after spraying anisaldehyde-sulfuric acid

solution.
Scanning: dual wavelength TLC scanner.
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Fig. 2B. Scanning profiles of gangliosides in deer horns
Abbreviations; A: Alaska, CC: Cervi Cornu
G: Gangliosides Type II from bovine brain
Std: Isolated Gangliosides (Rf 0.39 and Rf 0.42) from G
Adsorbent, developing solvent, visualization and scanning: the same
conditions with the Fig. 2A. - ’
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Table IV. Ganglioside(Rf 0.39 and Rf 0.42)
contents of various regions from
Red deer horn and various grades
from Soviet deer horn

Contents of ganglioside(pg/g)

Samples

Rf 0.39 Rf 0.42 Total

Regions® 1 1121 411 1532

2 61 248 309

3 N 98 98

4 1269 765 2034

5 856 711 1567

Mean 660 447 1107

Grades® A 692 823 1515
B 440 399 839

C 326 303 629

D 27 61 88

E N 9 9

Mean 157 319 476

N: not detected
a) : Regional samples

> W o

horn.

: The top region of the main deer horn.
: The middle region of the main deer horn.
: The lower region of the main deer horn.

* The top region of the first branched deer

5 : The top region of the second branched deer

horn.
b) : Graded

[@v-Re

sue.

m o

hard

samples

tissue.

Table V. Contents of amino acids

: Non-calcificated, soft and fine tissue.
. Hardly calcificated and slightly rough tissue.
. Slightly calcificated(+10%) and rough tis-

. More calcificated(20~30%) and hard tissue.
* Mostly calcificated(above 50%) and very
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Fig. 3. Correlation between contents of Ca and
ganglioside in deer horn

in various deer horns(mg/g)

Samples New Zealand Red Japanese Soviet &l;ska .
deer horn deer horn deer horn deer horn horn Servi
Cornu
Amino acids U M L U M U L U M L U
Lysine 0.55 0.28 0.27 1.32 0.5¢4 0.39 0.15 0.40 0.20 0.15 0.67 0.04
Histidine 0.09 0.04 0.03 0.10 005 0.02 0.05 0.12 0.06 0.04 0.05 N
Arginine 0.15 0.13 N 002 001 002 002 005 010 0.10 ;0.37 N
Aspartic acid 0.3¢ 0.02 0.04 0.73 0.32 0.02 N 014 0.02 006 0.3 N
Threonine 0.38 0.24 0.18 0.49 0.33 0.10 0.12 0.38 0.15 0.10 0.46 N
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Serine 0.66 0.25 .16 N 021 009 006 0.49 015 412 N N
Glutamic acid .05 0.8 0.53 1,97 1.93 105 0.50 170 ©.55 ©0.82 103 0.05
Proline 0.98 065 0.21 161 0.8 037 010 0.41 0,16 0.08 0.78 N
Glycine L47 105 0.5 0.52 242 0.8 070 105 0.52 0.37 211 0.03
Aianine 1.45 0.78 0.53 271 119 1.03 0.29 1.21 0.49 0.33 L91 N
Valine 0.54 0.28 021 L05 0.32 0.37 0.18 0.45 021 014 0.66 0.04
Methionine 0,02 001 002 003 002 002 005 0.;@2{ 0.04 0,03 0.03 0.02
Isoleucine 0.28 0.11 0.10 0.58 018 0,16 0.13 025 0.11 009 0.25 0.02
Leucine 0.61 ©.30 0.26 132 0.37 0.42 0.18 0.64 0.33 .18 0.75 0.02
Tyrosine 0.30 0.16 0.16 0.32 017 0.09 0.79 0.27 0.14 0,09 0.27 0.02
Phenylalanie 0.51 0.290 052 078 0.33 041 092 0.65 034 021 093 077
Total 9.38 535 3.7% 13.55 .19 5.40 4.24 8.28 3.57 241 10.63 1.01

U: upper part, M: middle part, L: lower part, N: not deteeted

Table VI, Amino acid contents of various regions
from Red deer horn(mg/g)

e Region
2 3 4 5
Amino acid T~
Lysine 0.29 0.30 0.08 0.66 0.28
Histidine 0.03 005 0.001 005 0.07
Arginine 0.02 0.06 N 017 0.16
Aspartic acid  0.22  0.26 N 071 020
Threonine 0.14 0.05 0.05 0.60 0.33
Serine 0.92 0.13 N 128 N
Glutamic acid 0.83 0.70 0.10 1.48 0.66
Proline 0.51 0.43 0.21 114 0.26
Glycine 0.34 0.38 0.24 1.8 0.46
Alanine 0.84 0,91 0.11 171 0.51
Valine 0.21 0.23 Q.06 0.66 0.22
Methionine 0.07 0.03 0.01 0.06 0.03
Isoleucine 0.09 0.07 0.01 0.46 0.09
Leucine 0.16 0.18 0.03 0.82 0.25
Tyrosine 0.26 0.22 0.07 0.48 0.20
Phenylalanine 0.50 0.31 0.24 0.80 0.29
Total 5.43 4.31 1,22 12.98 4.01

N: not detected
I~5

regional samples
1 : The top region of the main deer horn.

2 : The middle region of the main deer horn.
3 . The lower region of the main deer horn.
4 © The top region of the first branched deer

horn.

5 : The top region of the second branched deer

horn.

& @t FARSAE 499 €0z ey
o =4 e & fFedotuled L 1.01
mg/ge 2 7} wtgkz histidine, arginine, asp-
artic acid, threonine, serine, proline, alanine %
o A AEHA gk F9d AzdAE
WA 2" A9 AHql region 47t AR ¥
Fee vE e 2 gde] 9444 4
ol region 18} ¢olgieh.

o

A
L.
H

R

2]

o2 EE

ng
Ganglioside= glycolipid=2.4] sphingosines] =}
alo] A3l ceramided 72 o & sialic acid,
glucose, galactose ¥ galactosamine$-o] 7 g3
o glev F2 FFAFAY YA nF =
2 238tz gvh ¥ Gangliosided] FAo] #Ad
dF2E Ando 5%, Robert 9, Miyazaki
210 Whalen 1213 934 HPLC, TLC,
ion exchange high performance chromatography
S o] 83l AHom $A BuG w Yo
webA] ARAS-E EEY FFYLFTAA gangli-
osides AT EAZ st EH 4xY, 74
FE, 294, 92 E EEFTY ganglioside
TFe AFHoz EARREA BEY F45
9 A#4E HEFAL
guars CHClL-MeOH(4:1)9 FHjoz
2Z3le dQ £ZE=2 3¥ alumina column

A=N~}

chromatography & #3}e] 2|8 gangliosideE-
Kieselgel 60F,5, precoated TLC plates] A7 A



Vol. 24, No. 1, 1998
# anisaldehyde-sulfuric acid -§-& —E——‘?—%}-
105°Cel A 10E%k 7FE3te] dA A F dua
wavelength TLC scannergs dloj=z 75‘1—5‘1—“,39_
2 AFFY . Ri 0,399} Rf 0.429) 44 o
& AFAdE A B AS 3@ A4
(r=0.9908, r=0.9999)% “}ehii= TFF A
ARSFAGANE 53 38102 5~107. 1
%)& 4% T AU

EEEel A= ¥48 gangliosides] iz
£ A4AA HeHE A8 ¥9E & 4 9
93 SFAAL A AR Lskeh duel
FooA SRR G FFE 5o AL
AAELY A2 YA 29 2 Sz
Fotol AAEael 4 B BB G A
AQdetE Aoz ARs o) HelAx A
AES A g}, =g, Reojw 9 3 4
AAE B2 AFE, FTFo] F3x¥ A o
& gangliosided] @32 Frlstes A4S v
Hol AAHAZ T AsdAs AdAA
AR A Aok A Be $FE nslch

BEF] ganglioside £4¢ ¥ 47zt
A W o] HPTLCH 9olsle] p¥EE glycolipid
24 GDns} GM. &, ME®E GM9 £A&
A%, 2% o ok AAEE 29 Yzry
92 ganglioside ¥ 5% (Sigma Co.)-& o] &3}
2% Rf 0.309 Rf 0.42% 2#+E 27} gangli-
osideE TEo 2 do B Ao A&stg ot
g AlEey o]F IFEY 4EE THE
AdaA de, F27F £ = gangliosideE ¥
Fo2 ¥ ¥ayAe ddaA B
© AXEPeA » .zl Ca 323} ganglioside &2k
}E Wz EAR o JABAA S Feh g o]
Ca 3}eko] =2 5 U4E ganglioside 28k
< Fohl e & 4 I3 Ca ko] B2
& FFo] ¢zt ganglioside &3z
7bEel QA= g g, dutdow FAol Fm
BHEUSE 534 Az, 02 3 s
9 I w3 B YFe AL fez ¢
#A gl 1® wjals, Ca 3teks) ganglioside 3
TR AARA L vlaEAstezA i ¥
2 F5F =: 4d, 34, JHSL T3
€ U ]88 4 3¢ Aer ARHH AL

ol l:m _!["}' 2 r-{rr. :{r

>
o

(e3

T

W, o
Ol

e ofi 2

45

AFAEd2A gt
BEEFEA TR UAE ol AFdA
lysine® ¥l &% 16%9 Fetalxi AR B

g 49 ARe 245 FFo] FEHI
o] E£3] lysine, glutamic acid, proline, alanine
5o % 924 Gk FFLEE vt 4
At AAE2E FF4 EH AhRstd

~..~<@

Bz ¢dash, FABEAL B99 folsiw

94 ArdAdEe AdA $A2 A FRd
A A & ¥FE 2 ganglioside FFEE

b A A el

o] 49 Az u]Fo| Hol EHEFS ganglio-
side gk 2 ] olvx e FEFE FAHES
3, EEE 3y, Ca, Fe, In% FTH5TF
2 gangliosides] TLC pattern ¥4 5<& o=
A EESY A 248 F ez A
ZHw ol#¥ 245 BERY avHd &
Ao NG ABI o] FoAAeF & Aoz 74
A}, =3 B AN AL AFARE A
dlql BT GFFEYGIAA ATT Aol
] Z1QE5EY S, AHAY AZAE,
AgzA T 83 nHHA gRenzg ol
3 ARE o Folxok & Ao Amdrh

ZHAS| TB—E AFAYE FH5E vl 3
o4 47N E Adsd & Addd TFAS

F429886) Q40 AU
(199213 69 594 A< 119 3¢ &)

il &

L
Ao

L olAd, Aga:qagsdsy F@AHE TIF
Z, gz A, p. 103 (1988).

2. PEGEKGCRERE B PELA, 4, AR
e, p.557 (1978).

3. % ¥ EERE, A4, BmUE, po1128 (1979).

4. FSEW C KHREE, A, AHHMRE, p.289
(1979).

5. ERE . AE@EE, K#, 2E4KER, p 1658
(1975).

6. /NEBEE B RIUATS (1), WA, DEEE, p. 2786
(1985).

7. 39T, 9=, A94, F59, 3%, Ad
A epdE A 22, 171 (1991).



10.

1L

46

Windholz, M.: The Merck Index(10th), U.S.A.,
Merck Co., p. 4231 (1983).

Ando, S., Isobe, M. and Nagai, Y.: Biochim.
Biophys. Acta 424, 98 (1976).

Robert, W., Ledeen, W. and Robert, K.-Yu:
Methods in Enzymology 83, 139 (1982).
Miyazaki, K., Kamura, N., Kishimoto, Y. and
Lee, Y.: Biochem. J. 235, 755 (1986).

12.

13.

14.

15,

Kor. J. Pharmacogn.

Whalen, M.M., Wild, G.C., Spall, W.D. and
Sebring, R.J.: Lipids 21, 267 (1986).
Nakabayashi, H., Iwamori, M. and Nagai, Y.:
J. Biochem. 96, 977 (1984),

oA, AdS, AAR RS G0y ¢
E25%, p.30 (1991).

T NI, FRRAQ CAFAAY FER0L
of &% 9zZ4 p.81 (199D).



