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Abstract : Non-human primates have been increasing in demand as important experimental animals and companion animals,
domestically and internationally. The mumber of non-human primates for these purposes will be much enhanced in the near
future. Despite this trend, basic physiological data are scarcely available in these animal species, leading to the difficulty 10
diagnose diseases when necessary, due to the absence of reference values. Particularly, there is not any report on the total
activity of LDH ol non-human primates, let alone LDH isoenzyme patterns, in Korea. LDH isoenzymes have a high level
of efficaciousness as diagnostic and prognostic aids in various diseases. In this study, total activities and isoenzyme pattemns
of LDH were measured to oblain their reference values in domestically reared common marmosets, crab-gating macaques
and Japanese macaques. There were widespread different values of serum total LDH among the non-human primate species
experimented in this study. Serum LDH values of common marmosets and crab-eating macaques were 597.54243.1 1U/1 and
605.31£312.6 IU/], respectively, whereas those of Japanese macaque showed 1,209£473.8 [U/l. Five isoenzyme fractions of
LDH were observed in all experimented non-human primates but their ranks and proportions represented different patierns
one another. In comuon marmosets, the percent of fraction for serom LDHI, LDH,, LDH,, LDH,, and LDH, was 13.7+
6.4%, 23.3%3.6%, 29.2+50%, 94L14% and 24.4+7.5%, respectively. The rank of LDH isoenzymes was LDHy>
LDH>LDH,>LDH>LDH,, in the descending order. For crab-eating macaques, the fraction of serum LDH,, LDH,, LDH,,
LDH,, and LDH; occupied 19.5£12.7%, 25.3+9.3%, 23.818.1%, 102+28% and 21.31+14.2%, respectively. The order
of LDH isoenzymes was LDH,>LDH;>L.DH:>LDH,>LDH,, from top to down. On the while, in Japanese macaques, the
fraction of serum LDH; to LDH; showed 23.4%11.8%, 30.5%4.1%, 17.41£3.9%, 11.3£3.7% and 13.8%5.6%, respectively.
The decreasing order indicated LDH,>LDH >l DH=>L.DH>LDH,. In conclusion, values such as LIDH and LDH isoenzyme
patterns of investigated for the first time from non-human primates reared in Korea, could be reference values for the optimal
diagnosis and therapy of diseases of the corresponding animal species. Other parameters of hematology and blood biochemistry
are urgently peeded to study for the benefit of our intimate non-human primates.
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Al dgo] olZolE oeolfH(Lemuridae), OI=2)F)
(Indriidae), Z=}22fH(Galagidae), E&]2F(Lorisidae), oFo]o}
]ﬂ(Daubentomldae) 2 oA gsolil(Tarsiidae)?t 1oH,
Fdzo] o5& Agd MAAG g} New world
monkey ¢+ Old World monkey® E-FSEHY, AAA AE
ool = v Al (Callitrichidae), Callimiconnidaef, Z&7H7)
o)fH(Cebidac)e}t, THA Folole AT A501R
(Cercopithe- cidae), 71 % olft(Hylobatidae), #343 ©]%}
(Pongidae) 2 AleHh(Homi- nidae)7} £3) glche.
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Table 1. Non-human primates for serum total LDH activities and LDH isoenzyme fractions

Common name (Species name) (Hljz?c.iS) (?(%:) < Sex 3 Location
Common marmoset (Callithrix jacus) 12 2 7 5 KRIBB*
Crab-eating macaque (Macaca fascicularis) 6 4~5 2 4

4 3~6 2 2 Everland Zoo
Japanese macaque (Macaca fuscata) Chon-ju
4 12 3 1 Municipal Zoo
Total 26 14 12
* Korea Research Institite of Bioscience and Biotechnology
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Table 2. Serum total LDH activities of common marmosets
reared in Korea

No. Sex Age (Yrs)  Activity QU/)

1 2 2 441.0

2 $ 2 585.0

3 % 2 587.0

4 ¥ 2 563.0

5 % 2 553.0

6 S 2 446.0

7 3 2 372.0

8 % 2 980.0

9 3 2 951.0

10 3 2 326.0

1 a4 2 376.0

12 % 2 990.0
Mean+S5.D. 597.51£243.1
(Range) (326.0-990.0)

990.0) TUNe1 AT}, B3, #Adulzsle] €% LDH isoenzyme
¥8S LDH, LDH, LDH, LDH, ¥ LDH, £&e] z}z}
B 13.71£6.4%, 233£3.6%, 292+5.0%, 94+14% =
244+75%24, L WEH= LDH;>LDH,>LDH,>LDH,
>LDH.2 £ 8 =dtHFig 1).

EH2maa0f
HagYsole 8% LDH 843 9 2 isoenzyme &
& 245 A9 B 4 2 F 50 vERd wlel 7t =

LDH2 LDH:

LOH4" LDHS

Ll

Fig 1. Serum LDH isoenzyme electrophoretic pattems of
common marmosets reared in Korea. LDH; was the highest
fraction, followed by LDH;, LDH,, LDH,, and LDH, in the
decreasing order.

Table 4. Serum total LDH activities of crab-eating macaques
reared in Korea

No. Sex Age (Yrs) Activity (TU)

1 3 4 590.0

2 3 4 250.0

3 £ 5 411.0

4 % 5 1120.0

3 8 4 801.0

6 'y 4 460.0
Mean+8.D. 605.3£312.6

(Range) (250.0-1,120.0)

Y Eole ¥4 LDH £2HAE FHF 6053k LDH; £80] Z+zt ®g 195+12.7%, 25.31+9.3%, 23.8+
312.6(250.0-1,120.0) TU/le| T}, 3, dejddsole] 83 8.1%, 102£28% = 21.3+142%2+ = ¥32Hl= LDH,
LDH isoenzyme ¥%& LDH,, LDH, LDH,, LDH, ¥  >LDH,>LDH,>LDH,>LDH,] 0.8 ZYUT}.
Table 3. Serum total LDH isoenzyme fractions of common marmosets reared in Korea
LDH isoenzyme fractions
No. Sex 1 2 3 - 4 5
% U/ % 101 % un % un % U/
1 e 6.7 29.7 16.1 712 24.3 107.0 10.1 445 42.8 188.7
2 + 10.1 58.9 222 130.0 32.3 189.0 11.5 67.5 239 139.6
3 £ 12.8 75.2 215 126.0 28.0 164.3 11.3 66.3 26.4 1552
4 2 30.3 170.8 31.4 176.7 17.6 993 9.0 50.7 11.6 65.5
5 2 122 67.3 24.8 137.1 30.8 170.3 8.7 483 233 130.0
6 ) 123 55.0 20.4 91.1 33.9 1513 8.3 37.1 25.0 1115
7 ) 17.0 63.3 24.9 92.6 314 116.9 7.8 29.0 189 70.2
8 ) 15.5 1523 25.6 250.7 28.3 277.1 7.5 739 23.1 226.0
9 ) 8.8 83.7 239 2215 35.5 337.8 10.7 101.4 21.1 200.6
10 3 119 387 22.1 72.1 333 109.1 107 34.8 219 71.3
11 $ 189 71.0 24.7 92.9 25.8 96.8 8.0 30.1 22.6 85.1
12 2 7.8 76.9 223 221.0 29.3 290.5 8.9 88.3 31.6 313.3
Meantsp, 137EH64786541.923323.6140.7£635 292550 17582828 94%14 5604235244175 14644752
(Rangej (6.7 (29.7 (16.1 (712 (17.6 (96.8 (7.5 (29.0 (11.6 (65.5
-303)  -170.8)  -314)  -2507)  -35.3) -337.8) -11.5) -101.4) -428)  -3133)
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Table 5. Serum LDH isoenzyme fractions of crab-eating macaques reared in Korea

LDH isoenzyme fractions

No. Sex 2 3 5
% un % 1041 % IUA % 1UA % 1041
1 28.2 166.2 314 185.4 17.5 103.1 11.2 65.8 11.8 69.4
2 31.6 79.0 37.9 947 17.2 43.0 6.6 16.6 6.7 16.7
3 33.0 135.8 302 124.0 18.1 74.3 7.5 30.7 11.2 46.1
4 56 62.9 14.0 156.9 23.0 257.5 14.2 159.1 43.2 483.6
5 94 75.1 21.0 168.6 37.3 298.9 10.0 80.4 22.2 178.0
6 9.0 41.4 17.4 80.0 29.4 1354 11.7 54.0 32.4 149.1
Mean= S.D. 19.5+12.793.4£47.5253+9.3 1349+422 23.8%x8.1 152.0+103.2 102+2.8 67.8+50.421.3+14.2157.2+£171.4
Rongo) (5.6 (414 (140 (80.0 17.2 (43.0 66 (166 (67 (16.7
-33.0) -66.2) -37.9) -185.4) -37.3) -298.9) -14.2) -159.1) -43.2) -483.6)
= aH=0| Table 6. Serum total LDH activities of Japanese macaques

dEHFele) B3 LDH F2743 2 isoenzyme

2% AAE E 6 L & 79 Rt QudFele] 87

reared in Korea

LDH S84XE F 1,209.0+473.8(576.0-2,029.0) TU/e]
Ak dEHSe)e] ¥4 [DH isoenzyme F¥S 1LDH,
LDH,, LDH, LDH, ¥ LDH, 30| Zz #HgF 234+
11.8%, 305+£4.1%, 174+3.9%, 113+37% 2 13.8%56%
24 I WEv¥)Z LDH,>LDH,>LDH,>LDH>LDH,<|
o % ERUEFg 2). WEA AvinkEAl, FIHdse] €
JrAFole] €A LDH isoen zyme 82 212t A=
2 9elg By

=}
=

4

No. Sex Age (Yrs) Activity (TU/D)

1 % 5 1,027.0

2 2 3 576.0

3 3 3 1,138.0

4 B 6 2.029.0

5 ) 6 1,589.0

6 £ 5 1,536.0

7 $ 10 928.0

8 £ 12 849.0
Mean=S.D. 1,209.0£473.8
(Range) (576.0-2,029.0)

¥ LDHY FEAXE Anrkesl, sl 4B
Aol ol Zkt HF 597.5+243.1(326.0-990.0) TUA,
605.3+312.6(250.0- 1,1200) TUA, 1.209.0+473.8(576.0-2,029.0)
w1 24 dEgdgolrt 7 =3 o ez dug
0], AdrlRAl Fo 7 =3t
7z 5ol &3 fFc]d thgh LDH FE7d*]

e gan’

Lh

mg
2Nz

M

4

Table 7. Serum LDH isoenzyme fractions of Japanese macaques reared in Korea

g A7EAS A4EBH g7 2t} Buchl®h Howards
Zelok ol (Macaca mulata)el] ™hdted HE ke <
-10mg® ketamine hydro chloride® ZS53FAlste]
7l & Gay-Bowers-McComb 2.2 €% LDH F&43
ZARIIE Hl, 0,054 -14191 43 2757F 386+220 UA,
Z} 2757F 366147 UA, 14 -24 &3 7757} 436+

LDH isoenzyme fractions

No. Sex 2 3 5

% o1 % un % L T un Yo o1
1 % 26.8 2749 33.6 345.1 20.4 209.8 9.5 97.3 9.7 99.8
2 £ 34.2 197.0 30.1 173.5 14.9 85.8 9.7 56.1 11.0 63.6
3 Ey 38.1 4338 32.1 365.6 14.1 160.3 7.9 90.4 7.7 88.0
4 ) 39 647.3 329 667.1 15.9 322.1 8.0 163.1 11.3 2294
5 3 18.0 285.3 339 5393 23.3 369.6 114 181.6 13.4 213.1
6 ¥ 10.1 1554 234 359.8 21.6 3317 18.9 291.0 25.9 398.1
7 ? 27.5 2554 334 309.7 12.4 115.5 10.5 97.8 16.1 149.6
8 ¥ 28.5 241.9 24.9 2113 16.8 142.2 14.5 123.4 15.3 130.2

MeantSD. 234111.8311.41158.230.5£4.1371.41162.617.4+£3.9 217.1i_ 109.511.34+3.7 137.6+74.1 13.82£5.6 171.5£108.5
(Range) (3.9 (1554 (23.4 (173.5 (124 (85.8 (7.9 (56.1 (7.7 63.6
-38.1) -647.3) -339 -667.1) -233) -369.6) -18.9) -291.0) -25.9) -398.1)
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LDH1 LDHZ LDHz ° LDH4 LDHSE

Fig 2. Serum LDH isoenzyme electrophoretic patterns of Jap-
anese macaques reared in Korea. LDH, was the highest frac-
tion, followed by LDH,, LDH,, LDH,, and LDH, in the
decreasing order.

227UA, 53 3057t 5072297 U/, 24]-34 & 505%7F
4461280 UN, 4730 27%7F 4235276 0N, 34 -44) &3 25
7} 5444289 UN, 71 30F7F 4914250 U/, 44)-54) &
Z 1357F 4472163 U/, 7 44F7F 425+£184 UA, 5H-
104 €3 3057} 446+187 U/, 2 2157} 413+162 U/,
104] o1 &3 2957} 442+231 UNol2kz 31sich.

Anderson'2 45579] 3|Zelolsole] €3 LDH 84
2= 457417 units/ml 2+ 3T Kupper B9 3|2a}
okgigele] ¥4 LDH FE49A)7} 384 Uk skt o
. Verlangieri 5%& 8-154] 4.0-7.5kg 73 LA LE0]
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dFdEol(Mcaca arctoides) 75 thsted AF kgd &
10 mg?] ketamine hydrochlorideS <& FAlSl mlH A7
% lactate oxidationd 2.2 8% LDH XS ZAMg
Azt APVYFolE 283£123(131-610) U/, HedZL%
o] 289 84.8(176-394) IUAZMT. h T},

Goodrich 5% A5 kg9 10mg®] ketamine hydrochloride
& FAEI wlFARl 1658 %8 B719071E (Macaca
tonkeana)®] ¥% LDH £&4X= 3861100 U/ H, 4
ok YFl 8FE 3921491 UL 45T =3 755 378t
117103 &tk 2250 A& Fo] 95 0] (Macaca
maurus) 2 7FE 276L489 [UNS.Le™ ALd oA 55
B 294+402 UM B1T).

Hainsey %2 441-174191 23<%¢ 7§29 % o] (Papio
hamadryas) 3 1559 93 105, A&8 AP
panzee, Pan troglodytes) 341 -30M, £ 872 oA 185
oAlA AF kg ¢ 10mge] ketamine hydrochlorideS <
AN vl Azl & kinetic(Gay, Bowers, McComb)H
o2 ¥4 LDH FZ4XNE 2 23 7lZYFe] 319
271+167(104-438) U/l, &¥3e] 2824+119(163-401) U/, 2
3 WA F2o) 317+ 111(206-428) U/, I8 0]
321£177(144-498) UL sHAt.

Hack®} Gleiser'= 71Zdsolol tidd AF ked &
10mg®2] ketamine hydrochloride®} atropine sulfate 0.04 mg

- -

£39l - w2 - 8% - B5E

& TEFASIY] mpHA]Zl ¥ NAD-NADHECZE &
LDH £ X8 AW b, B 9F 6-1442] A
T 7 155, B 9F 6-15419) A4 4R 165, B
A# 1-54¢] oA 7FEDEe] 4059 €4 LDH FEEA
£ Zzb 181+£52(123-327) U/, 1994 68(95-384) 10N &
250+ 89(99-488) IUAZIZ BFATH.
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hamadryas)?l ™3t AF kg 10-20mge] phencyclidine
hydrochloride® FAlsle] ZAAGAIZIE €4 LDH A&
E2REEY 72 1455 171.6+£44.5(138-212) IU/ml, &
7] 515 193.11 104.8(77-386) IU/mIzk3L s}aTh,

Hambleton 5°2 ketamine hydrochlorideZ FAlste] o}
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28427} 629+ 396(125-2,537) UNCIRALKL 89T, Kessler
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% 10mg?] ketamine hydrochloride® FAlsle] ml3A)z7]
9] #4 1LDH £2AXE 43 155904 E 1,225+1,0691U1,
HQAl ¢ 18FAE 1,071£252T07, GAE A oF
dME 1,072+ 141 IUA, 283 F55¢ 92 65 1,837
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a7l L3l deold g A7ass 2
W 23} 2}, Clristophe Vie 2 H28-2-9%9](red
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3 3t

Roberts$} Mendoza 572 1.54] o441 A< ElE|g%0
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A7l 3 NAD-NADHWE 2% 383 LDH £8X4AE
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& o]F d%o] oA 4% Wil 1d o 717kEt
&2 245 sided ¥ FRNAE 58 &FH 5o
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A7) TUA, 490 SR 38 E7dsted 543.3(325-777) TUA
27 81}

oldat Ze] 34 LDH F84AY oM s A
3 A7) hREQd), B drolME MRS A AL
a2 oFL AdElelA ZAN A, =9 AAEG Oi F
2 LDH FE4XE Jehidlth o= A82 $igt )
Belxe] Fra d¥e Z8e] 2F Fo| dLL F Al
o7t b

HAE55e] ¥4 LDH isoenzyme £l tisle] Rud
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&% LDH isoenzyme ¥ 3 Thg FE2A =AM
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Ut 22 AES AU

1. €% LDHY 228X UNE AUsey, Zaads

o], Azl slojr ztzh FF 597.5+243.1(326.0-
990.0) U/, 605.3+312.6(250.0-1,120.0) TUA, 1209.0+473.8
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