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Drug-Induced Diabetes Mellitus and Monitoring Hyperglycemic
Control in Dogs
I. Comparison of Three Methods of Measuring Fructosamine

Chang-Woo Lee, Hee-In Choi and Bonn-Won Kim
College of Veterinary Medicine, Seoul Natonal University

ABSTRACT : The diagnosis of canine diabetes mellitus is generally made by measuring
serum fructosamine levels. The Rosental's end point, Tas and El Din's kinetic, and Johnson
and colleagues' kinetic techiniques were compared for the measuring serum fructosamine
levels. In the Rosental's end point method, within-run and betwen-run coefficient of variability
(CV) were 2.4~3.5% and 6.8~8.5%, respectively, and in the Tas and El Din's kinetic method,
within-run and betwen-run CV were 1.3~3.0% and 3.4~3.9%, respectively. In the Johnson and
colleagues' kinetic method, within-run and betwen-run CV were 0~1.8% and 3.1~6.8%, res-
pectively. Hyperlipidemia induced by oral administration of 3 ml of corn oil per kilogram
body weight did not affect serum fructosamine concentration significantly in the Johnson and
colleagues’ kinetic method. Johnson and colleagues' kinetic method is most reliable and consistent

on the basis of comaprison study.

Key words : fructosamine, measure, within-run, between-run
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Tetrazolium BHAHA|2F: Carbonate <}

0.1 mol/L)el| INT&

e},

AlR MA 2| A[2F: 0.4 N NaOH 2-9-&
EEE

4%(WN)E 8-8lidt & o] &-olo] 1-deoxy-1-morpho-

linofructose(DMF)& 2 mmol/L7} | ©.8 g-3f3te] A}

a3t}

Carbonate 2k59: pH 10.35, 0.1 mol/L
HX|H: 1 N HCI
Hxt

ofef} zrol ahvt.

Zall (pH 10.35,
(.57 mmol/LZ &-a}s}ed A}&-3}

Ahg-aheirt.

89Y: Bovine serum albumin-g- A 2] & A] 9 4=of]

FY(AR) w EF 500 plg AA e Alef 50
ulel E5kstk & Aol 3087 A A3 b3 Fig 1%
7re g afol] ole) g alele)

Agel =

FERRE S

Fructosamine 5= (DMFZ41) =2 x

of 24 el A AL E 2] $13) fructo-
samine 5 <7} Z}7F 1.87, 2.14 % 2.16 mmol/Lgl 37}
2] pooled serumel] sl 2+z} 7~83] % &3]3} wo]
A5 Ao

o] vpleow =43 uf EDTA M| A& A 8=
AbgEtelm AfdlAde] F24] Elsty] el 4709
EDTA A2} Aol s fructosamine ¥%-& zhzb
23] 2sto] 1342 414 shalet.

HAL AMHEE dolle FAAEAe] 3l e
o e ALEE ) W S Aol) el
BUE T 14 WY ) e g

el A AL ’%ﬂﬂ"{k & wMskE sston ksl

ait}

Bt el EDTAALUA 0 SRl et
o] gs}:z 13le F7al) $la) e s6°Ce] 8
ol S¥7F 7L E F U sle] e ALY

Serum or Standard solution

Prepared sample 20 ul
Tetrazolium solution 1 ml

Mix and stand at room temperature for 15 minutes

Stopping solution 2 ml

Measure absorbance at 500 nm within 30 minutes.
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AR BT AL o o] wpyel AR S A}
3}7] 218l fructosamine %7} ZF2F 1.96~2.30 mmol/L
ol 47e) sl el 63] W2 dsko] wo| A4
AbEshad o},

Kinetic® &3 B{(Tas@} Fl Din*)

o wpuie] Aleka} 7] @Algl Mt ofelst o] 3
At

Al2¥

Tetrazolium HHA{A|CF: Carbonate 213
0.1 mol/L)o] NBTE- 0.5 mmol/L2]
At

MIHI29Y: Carbonate S5l (pH 10.3, 0.1 mol/L)el|
Nonidet-40-&- #-£5 %7} 30 ml/Lo] %= & HHr}3}o]
ApEasit

FEZY: Dihydroxyacetone(DHA) 300 = 600 pmol/
L-go02 AHashae,

2l (pH 10.3,
T Lalsle

A e T80 120 plof| tetrazolium &3} A
Ag-NE Zb7t 1.2 miy lt{}‘} F- 37°Cell A HES-A|
71 A HEA A 3 A EstA] 1089} 15890 525 nm
oA F4 = F A3k vHFig 2).

Fructosamine 5% (DHA A1)
A A FE 525 nm/5%-

= BFONFE X
.u_“\ °‘i 525 nm/s—r

urate2] o 3F

o] wbel ¢lox] ascorbic acid$+ glutathioneo}
formazan 42 Aol v] 2|1z HAH Q] o 2AlS)
7] 18l 2.0 mg/dl2] ascorbic acid 8-, 0.9 mmol/L.2]
glutathione 8- % 2 mmol/L.2] DMF-&-<4 120 pi® -2
z}zF NBT 444 A2} 1.2 ml, Nonidet ) #]-§-<} 1.2 ml
I &8 F, 37°Coll M HE-AlFIA, 1R e
30871 Eg 5 o] wstg zabsiedc)

g%l DHAS) lmcanty—g zx}sl7] ¢is) 300,
600, 900 % 1200 pumol/L &8 2| #3}od 525 nmeol|

Serum or Standard solution 120 ul
Tetrazolium solution 1.2 ml
Detergent solution 1.2 ml

Keep temperature of cuvette holder at 37°C constantly.

Measure absorbance exactly 10 and 15 minutes after
start of reaction at 525 nm.

Fig 1. Procedure for measuring fructosamine by end point
type method of Rosenthal™.

Korean J. Vet Clin Med. Vol. 15, No. 2, 1998

Fig 2. Procedure for measuring fructosamine by kinetic
type method of Tas and El Din®.
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ol 0 2 ZA& uf uric acid?] °J &S FAlE}H]
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A Al 2t F52] uric acid -£-99-8 F3}ed ul
& AAAN FHEE FA s

A AE Z71gF NBT €92 fructosamineg- &3]
& o hehbs wric acide] ©J3g AAs] e 3
7t8ljo} & uricase®] k& #]lslr] $8) o} 2
AE S st F, XS ofgle} zhe] W] AR E
Hsto] 4719) AP 7o) B AHAAE] Aekg 25

ml¥ #3}5, 600 umol/Le] uric acid 100 pul#-& 2+t
o} A3 HrE & 37°C, 525 nmollA] F35 9]
HstE 132 ZPH e 1587 A skl el o]
A& o)A Hef= A A 24 Nonidet-40 tJAl¢]] Igepal-S-
Nonidet-403} ZH-2- 5= 2 3| 4{3}o] ARg-3hgirt.

M FEE
o]

T2
=2
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1=

A

Hl-&
o

Reagent
Component
1 2 3 4
NBT 0.5 mmol 1 Vol 1Vol 1Vol 1 Vol
Carbonate buffer 1 Vol
Igepal 1 Vol 1 Vol 1 Vol
Uricase* 2.4 28.8

*: (final conc. in U/L).

AA S AHeE W 2HAs= uric acid?] fructosamine
g4lo] Rosenthal™”2] NaOH #1xe] ulHof 2]s A
A== glslr] 38 200 mole?] uric acid &AL
0.4N NaOH$} 10: 12 &33}le 3087 Axlald &,
AAE i3 NBT-EH7 E73F ]S 37°CollA
28 A0 2 Fre] wisks ksl

Kinetic® =X (Johnson S"

NBTE 7)A & A-£3} Johnson 59 kineticd =
] Aokt 7)Aol WA okelsh o] shelnt

Alok

Tetrazolium &AYA|2}: Carbonate buffer(0.1 mol/L,
pH 10.35)0]l NBTS 0.25 mol/Le] 52 &3]3} A}
£3l9dch. Johnson S-S pH 10.8 35S A}83}9]
ou} o] AR SFole) pHE AR A8 F
ascorbic acidel] 2|8t FPro &7} A E A

Q- 289

250 ul
2.5 ml

Serum or Standard solution
Tetrazolium solution

Keep temperature of cuvette holder at 37°C constantly.

Measure absorbance exactly 10 and 15 minutes after start
of reaction at 525 nm.

Fig 3. Procedure for measuring fructosamine by kinetic
type method of Johnson et al’’.

4= 9)7] W&o’ 10.352 7 aFsled Al-g-5lg]ch.
Zo: DMF %3-9- Rosenthal®®] end point3

FA o o} F-U3A Azt ARgsld Tt

i

A e FEEY 250 ple) tetrazolium £ 2.5
mlS &3 F 37°CellA] vhE-A|7)HA] ukg-A)2k &
A &shA 10837 1586l 525 nmellA] FHFEE 24
a1 e (Fig 3).

Fructosamine = (DMFZ.4])
A A F 525 nm/5H

A
L

=FFe] Fr X
A ¥F0 525 nm/5%
Johnson %9 kmetl ] 248 & o] RFHoF

2125 DMF&o4e] A4S zakslr] &) 2, 4
4 6 mmol/L.e] DMF 5{%@1—% J|z238te] 7} E o
8 37°Cell 4] HheA|2b & 1083} 1580 FREE
és}ﬁ 5%7ke] BT WstE SAs e, o] A
33] qiE-3sled HF|E plotste] A& FA}

3“494 FAANEALE 23] 96 309 &
EH%H 37°C01W HEE- A1ZE 3 1083} 154 Afe]
55 13] 39b54 33] E33}ed ol
_1_/\]-6}031:]— w3 dANEAS 2AFSE] 98
fructosamine ¥X7} DMF24] 7z}7} 1.90~2.37 mmol/
Ll 3709 Ao dis) 103] WA sle] WolA
& Alatstsdcl.
A Fo] o] Aol

A0 1247 AARE 9572 Aol AF kg S5 A
A 3 mg & AR, £ A} Fof F 24
Thell g AF T 2t AL Relt F¥Y F
9] fructosamine F=5 FA3le, A-8-F Fof A7

9] fructosamine F =& -7 %2 3}o v]zapgdic}.
Z I

Fructosamine X7} DMFZ24] z}7} 1.87, 2.14 &
2.16 mmol/L3] 37§£] pooled serumell tH3) Rosenthal®

gl a2l 8ha) =], Al15H, A23, 1998
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Table 1. Within-run imprecision when serum fructosamine
was measured by end point type method of Rosenthal™

Concentration* Serum samples

of fructosamine 1 2 3
Mean+SD 1.87+£0.07 2.14+0.04 2.16+0.06
No. of test 8 7 8
CV(%) 35 24 2.7

*Unit: mmol/L.

Table 2. Between-run variation when fructosamine in
EDTA-plasma was measured by end point type method
of Rosenthal™ (unit: mmol/L)

Plasma sample Run 1 Run 2
1 2.28 1.87
2 2.23 1.96
3 2.36 1.25
4 2.07 0.80
Mean +SD 2.24+0.12 1.47+0.55*

*Significantly different between run (p<0.05).

2] end pointd AW o g 7zt 7~83]4 fructosamine

% 43 Ay} wWol A5t 24~-35%24] FAIANE
AJe] oFF 3l cH(Table 1).

Agsd 84 oA 94 AT S Qs 2a
3l7] ¢}3] 4702 EDTA #e] &AFel| tis] Rosenthal™
2] end pointd AW 2 fructosamine FEE zH7t
P R e BEE SR
5% S=eollAl frelAdeol ol zelE viehlsdct
(Table 2).

o] w0 2 fructosamine-2 &4 shd AL AR
2 AREE w) g A Aol vehhi WS
sty sl @A w377 EDTA-x2]3A =17
AR N4 Azpstviv] 84 A olx e EEo] Al
312 ¢kl EDTA-X 2] 87} v 7)ol 4 vt Eefo] wkAls}
At wpeby AARE AR o 98T S 2 el
apo]7b v 718 ukEg wiebe} kS E 9} 7he- v
AgE z=71e) Apolof oaf FEto] A7) Aol Aol
7} Vo] w5al 7oz AJzhElch Rosenthal™?] end
4% of YA de] EDTA-H2] dz
ol At w7 cuvetteo]] Seto] HFAS= HelE
3}7] $)& EDTA-x 2] #AS 56°Col|A] 557 7]——9—Q‘P
F Al Refste] d& Ao HAohg Mgk A
3} Eeto] wbgalx] dgirh weba HAA R E AHE-
& wj) R sli= EEh-2 fibrinogeno] A Ao 52 Al
o §-15l7] w#al Ao ek ik

83 A 8% A28 o Rosenthal™ 2] end pointd &

pointd 2 &
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Table 3. Between-run imprecision when serum fructo-
samine was measured by end point type method of
Rosenthal™

Concentration*® Serum samples
of fructosamine 1 2 3 4
Mean+SD 1.96 2.20 2.25 2.30
+0.16 +0.15 019 *0.16
No. of test 6 6 6 6
CV(%) 8.1 6.8 8.5 6.9

*Unit: mmol/L.

Aol o] Al A)-S FA1Elr] 8l fructosamine 5
7} DMF2A] 717} 1.96~2.30 mmol/L.el 4742 &4
o dial 63 HFE-Z2]gt A wWolAl5r] 6.8~8.5%F
A W34 3£ ol glch(Table 3).

Rosenthal®2] end point®] &3 ol glel4] 4]z
Al dabafd A o] wol A7t 2 WUle et
&17] 93l ukgo] ot AlgAkE A A AR
& 7HE o EEE R A e e ol A2
S AMHAE o Holwr fue] Espyls Aol
7b Ak 2R iz wE A9t 2 slap A
ARl FReot Fobale e R eln
e A8 E AHEsle E uigo] wiel Eeg Bfi
Aol A7l el Aol dd=tl oleljt dAtol
A AL Mol AlTE FrA 71 8o R A7
v

o)Ate] AsE Fgtslw INTE 7|4 R AMg-8la 4
2| ef-& #]7}5}4= Rosenthal™®] end pointd] ZZH-&
QL apaf ol Lhwka] A7k 9l A2 e,

Tas9} El Din*¢] kineticd) =3% ol o] 4] ascorbic
acid®} glutathionee| formazan 444~ A3 Aol v 2] 7 A
Aql dake 2AMsl7] 98] 2.0 me/dle] ascorbic acid
£ 0.9 mmol/L.e] glutathione §-¢4 = 2 mmol/L2]
DMF-4-§ 120 p¥-& 22k NBT 24 A1eF 1.2 ml ¥
Nonidet A A& 1.2 miz} E33F £, 37°Col|A vk-3-
A FIHA 18 7o g 308-2F B e A S 525 nm

A FHEo] WztE £AE A Fig 49} 3hgkcth
DMFi= BFS- A)a} & 25 o7 A4 or Fx
Z Z7} A #c}. Ascorbic acidi= B-g- A2F T SE71R]
= 15!1’4 g SRR ?‘ri’é—“:—“ oA HA R L F
ofl &= uhg st FA8) Zhaglan, 108 o] Fellw= wt
I:J} o} glutalglr}. Glutathione-- HHg- A]2h
A o g AAFH o e FariE mrla]g Rt H}
S5 = DMFe]| H]3)] #4 =}

Tas¢} Fl Din*’¢] kineticd &3] gloiA] &%

Q.
©

N 11'>
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Absorbance
Absorbance at 525 nm

0.00 T T T 1
0 s 10 1 2 % % 0 300 600 900 1200

Time (min) Concentration of dihydroxyacetone (micromole)

Fig 4. Influence of 2 mg/dl ascorbic acid, 0.9 mmol glu- Fig 5. Linearity of dihydroxyacetone.

tathione and 2 mmol DMF on formazan color formation
with time.

pmol/Le| uric acid-8-H-& 7+7F DHARA] 142, 239 9
315 molel| 333} fructosamine activity S ehl gl
t}(Fig. 6).

Tas2} El Din“¢] WPH O 2 fructosamined =4 &

AQl DHA £o¢] FZwi= 900 pumol/L7hA = =
Ae Jeliiglon) 1 o)Ak exdae KA
e A] 9ol 900 pmol/LE Z3}8lE A 2 3

I

3t g 9 7} @14 5] 9l cH(Fig 5). ) el uric acide] 338 X ekol| uricase S A7)
Tas9} El Din®e] kineticd Z4ulo] o8 TAM2  stod Al T & of Wobafo} & okS satair] o
A5 2ARE7] Y8 30 A3 disf 135 3ulEA &) ol 7129 Aok, Z NBTol| AlAll$} uricase(FH %

3~43] Z3sle] AARRE WHo A7t 1.3~3.0%0)]ch
(Table 4).

Fructosamine =7} DHAZA] z+7z} 511, 582, 601
pmol/Lel 37He] A hs] 103] ubE 3 3}o]
Tas®} El Din“e] Zawe] sl &Ade A1e Az
W o)Al 4 3.4~3.9%0] %] t}(Table 5).

o] vk ollA A uric acid7} FHEE Z7}A]7)
= HEE debslr] ¢&l 100, 200, 300 pmol/Le]
uric acid £-8& "= Z A YAl 2z} 259 uric

X 24 ULYE #7138 A2k, NBTe| A A9} uricase(Z]
Z5 % 288 ULYE H71g Aek2, NBTe 44wt A
7k AJeF3 B NBTel) obf7 % A7hetx] ebe Aok

A Z3td o, zhzbe] Alek 2.5 mi¥-g 7hrthe] A
el #3 F 600 mol/Lo] uric acid 100 ¥ 4
g F 37°C, 525 nmell ] FHEe] WsE 1¥ 7H
o2 1587 543 A= Fig. 79 2gkeh. NBTel
oFFAE HrlelA] ¢k Aok FHES A 27}
A7) ergkont AR A1 AR e FHED 4l

o L o mlrL

acid-8-4 & H3to] W& A1 A3} 100, 200 % 300 &3] Z7IAAM AlH7} uricaseoll 2]& FRT 27}

Table 4. Within-run imprecision when serum fructosamine was measured by kinetic method of Tas and El Din*
(unit: pmol/L)

Samples Values Round Round Round Round
1 2 3 4

1 Mean + SD* 5774+10.2 51775 462+5.9
CV (%) 1.8 1.5 1.3

2 Mean £ SD* 471£14.3 514+14 518+15 477+6.9
CV (%) 3.0 2.7 2.9 1.5

3 Mean £ SD* 462+5.9 518+15 493+12.7
CV (%) 1.3 2.9 2.6

*: Each sample was tested 3 times.

2 8h3)a), Al15H, 423, 1998
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Table 5. Between-run imprecision when serum fructo-
samine was measured by kinetic method of Tas and El
Din*

Concentration* of Serum samples

fructosamine 1 2 3
Mean+SD 511418 582:+19 601423
No. of test 10 10 10
CV (%) 3.4 34 39

*Unit: pmol/L.
350
300

_

250

- - [XY

L= L]

o o 8
1 1 1

Dihydroxyacetone (micromole)

o
(=]
i

0 T y T 1
100 150 200 250 300
Uric Acid {micromole)
Fig 6. Fructosamine activity (as dihydroxyacetone) of uric
acid when detergent is added in reagent.
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B3k Alme] dxjelof o) A A=A FHalslhr] ¢
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Fig 7. Effects of detertgent and uricase on formazan for-
mation by uric acid.
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Fig 8. Increase of absorbance when uric acid was treat-
ed with NaOH and then reacted with NBT solution con-
taining detergent.
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Johnson %-"9] kineticd) ZAW o] EA|ANHAS A}
al7] 218l 370e] Aol sl 37°CollA] nhg A=k &
1083} 158 Alo] o] F53n ishks 13] 3dkE-4 33 &
A sho] 2 AR Wo| A4 0~1.8%0 ]3] th(Table 6).
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Fig 9. Standard plot. Fructosamine standards were meas-
ured by Johnson's kinetic method.

Table 6. Within-run imprecision when absorbance dif-
ference between 10 and 15 minutes after start of the reac-
tion was measured by kinetic method of Johnson et al”

Samples Values Round 1 Round 2 Round 3
1 Mean+SD* 0.0763  0.0903  0.0877
+0.0006 +0.0006 +0.0015
CV (%) 0.8 0.6 1.3
2 Mean+SD* 0.0587  0.0583  0.0577
+0.0006 =+0.0006 =+0.0006
CV (%) 1.0 1.0 1.0
3 Mean+SD* 0.0573  0.0643  0.0640
+0.0006 +0.0012 =+0
CV (%) 1.0 1.8 0

*: Each serum was tested 3 times.

Table 7. Between-run imprecision when serum fructo-
samine was measured by kinetic method of Johnson er al”

Concentration* of Serum samples

fructosamine 1 2 3
Mean+=SD 2.37+0.16 1.90+0.09 1.91+0.05
No. of test 10 10 10
CV (%) 6.8 4.7 3.1

*Unit: mmol/L.

[=3

33 A7) $18) 9572 el AE-{-F 7o
slo] xuld S-S fouslr] A9 Fo| AL F3)
o fructosamine?] 52 A3 F t-HAH ST v
g+ A7 A8-f “Er°4 AFe] Aol FAA F2at
7F glolem, Bo] & fructosamine E%¥7} Fof Hell

Table 8. Comparison of serum fructosamine concentration
measured by kinetic method of Johnson et al.” before and
after oral administration of 3 ml of com oil per kilogram
body weight in nine dogs (unit: mmol/L)

Pre-treatment Post-treatment

Mean+SD 1.654+0.43 1.57+0.47
No. of test 9 9

u] s 27k k2 ol girh(Table 8).
n &
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