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Drug-Induced Diabetes Mellitus and Monitoring
Hyperglycemic Control in Dogs
I1. Relationship among Blood Glucose and Serum Fructosamine
in Model Diabetic Dogs

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

ABSTRACT : Four out of 15 dogs were successfully induced diabetes mellitus with intra-
venous injection of 30 mg of streptozotocin and 50 mg of alloxan monohydrate per kilogram
body weight and maintained more than 9 weeks without injection of insulin or oral hypogly-
cemic agent. Histopathologicaily, these four dogs have typical diabetic lesions such as degeneration
and vacuolation of pancreatic islet cells, and fatty change of liver at necropsy in the end of
study. Serum glucose level increased dramatically at 24 hours post-injection but serum
fructosamine level increased gradually and reached plateau at 31~41 days post-injection of
streptozotocin and alloxan. Serum fructosamine concentration correlated very well with serum
glucose concentration of preceding 4-7 weeks in experimentally induced diabetic dogs. Our
data suggest that serum fructosamine reflects mean glucose concentration of preceding 4~7
weeks in experimentally induced diabetic dogs.
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Text-Fig 1. Change over time in fructosamine and glu-
cose for experimental animal 1 after treatment with strep-
tozotocin and alloxan.

4.3 mmol/LE viepigl e, m1 & ofike] sl5g B
o] A plateaus- v}eFgick(Text-Fig 1). & & fructo-
samine %9} fructosamine 537 wtele] LH-A] &}
EEI "W‘ Aq-t 0.260. 2.2 AFFFRAE wefsls]
S vH(Table 1, Text-Fig 2), fructosamine &3 % 33
gr}ake] w32 7|zbe] zZlolal 2 AlmAlSr) Fole)
of fructo%ammc 22 A 6Fke] w-ddekale] Al
A= 0,900 24 A 7L 71 U3 Ehgd o(Table
1, Text-Flg 3).

A5 38 A & 247
Z7hstod 2o 335 mg/dlzhA] Abagh F 167400 mg/
dl H9lell A Algt #-5-& el loh(Text-Fig 4). 83
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Table 1. Correlation coefficient between serum fructo-
samine concentration and cumulated mean serum glucose
concentration of preceding 8 weeks in four diabetic dogs
induced by intravenous injection with streptozotocin and
alloxan

Experimental animals

Weeks
Dog 1 Dog 3 Dog 6 Dog 12
0 0.26% 0.43 0.75 0.43
i (.52 0.54 0.87 0.77
2 0.60 0.68 0.92 0.89
3 0.70 0.78 0.95 0.97
4 0.77 0.81 0.96 0.98
5 .86 0.87 0.96 0.97
6 0.90 0.92 0.97 0.94
7 0.89 0.92 0.96 0.90
8 0.85 0.91 0.94 0.87

*Correlation coefficient between serum fructosamine con-
centration and serum glucose concentration of the same
day.
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Text-Fig 2. Correlation of fructosamine concentration to
fasting glucose concentration in experimental animal 1
treated with streptozotocin and alloxan.
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Text-Fig 3. Correlation of fructosamine concentration to
mean fasting glucose concentration of preceding 6 weeks
in experimental animal 1 treated with streptozotocin and
alloxan.
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Text-Fig 4. Change over time in fructosamine and ghi-
cose for experimental animal 3 after treatment with strep-

tozotocin and alloxan.
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Text-Fig 5. Correlation of fructosamine concentration to
fasting glucose concentration in experimental animal 3
treated with streptozotocin and alloxan.

o 24 AgAzL vleksle] . (Table 1, Text-Fig 5)
fructosamine 3% A H7FFFe] 74 7)zko] ZojA
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o] Hadgerae] AdAes 09224 AlgaAz)
714 "4 8191 tH(Table 1, Text-Fig 6).
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Text-Fig 7. Change over time in fructosamine and glucose
for experimental animal 6 after treatment with streptozotocin
and alloxar..
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Text-Fig 8. Correlation of fructosamine concentration to
fasting glucose concentration in experimental animal 6
treated with streptozotocin and alloxan.
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Text-Fig 9. Correlation of fructosamine concentration to
mean fasting glucose concentration of preceding 6 weeks
in experimental animal 6 treated with streptozotocin and al-
loxan.
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Text-Fig 10. Change over time in fructosamine and glu-
cose for experimental animal 12 after treatment with strep-

tozotocin and alloxan.
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Text-Fig 11. Correlation of fructosamine concentration
to fasting glucose concentration in experimental animal
12 treated with streptozotocin and alloxan.
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Text-Fig 12. Correlation of fructosamine concentration to
mean fasting glucose concentration of preceding 4 weeks
in experimental animal 12 treated with streptozotocin and
alloxan.
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 Fig 1a. Islet cell is not observed at pancreatic islet (P).

The experimental animal survived 101 days without

insulin injection after diabetes mellitus was induced
L with streptozotocin and alloxan. H & E stain, X 100.

Fig 1b. Necrosis of epithelial cells (arrows) is observed

in the convoluted tubules around glomerulus. The

experimental animal is same as Fig la. H & E stain,
%200,

Fig 1c. Glycogen degeneration (arrows) is observed
L in the hepatic cells. The experimental animal is same

as Fig 1a. H & E stain, X 200.
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X Fig 2a. Islet cell disappeared from the pancreatic islet

(P). The experimental animal died 4 days after
intravenous injection of streptozotocin and alloxan. H
& E stain, X200.

Fig 2b. Increased hypercelluarity in the glomerulus,
necrosis of epithelial cells (arrows) in convoluted
tubules around glomerulus, and hemorrhage (arrow
| head) were observed. The experimental animal is same
as Fig 2a. H & E stain, X 200.

Fig 2c. Fat granules (arrows) were observed in the
¢ hepatic cells. The experimental animal is same as Fig
} 2a. H & E stain, x200.
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Fig 3a. Islet cell is not observed at pancreatic islet (P).
The experimental animal survived 63 days without
insulin injection after diabetes mellitus was induced
with streptozotocin and alloxan. H & E stain, x 200.

Fig 3b. Degeneration (arrows) as well as regeneration

| (arrow head) of epithelial cells in the convoluted

obersved. The
experimental animal is same as Fig 3a. H & E stain, X
200.

tubules around glomerulus are

Fig 3c. Hepatic cells showed normal appearance. The
experimental animal is same as Fig 3a. H & E stain, X
200.
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Fig 4a. Isiet cell is not observed at pancreatic islet (P).
The experimental animal revealed hyperglycemia 24
hours after injection with streptozotocin and alloxan,
then its blood glucose level returned to normal range
| from day 3. But it showed glycosuria afterwards
without hyperglycemia. H & E stain, X 200.

“Y Fig 4b. Necrosis of epithelial cells (arrows) and
infiliration of inflammatory cells (arrow head) are
2 observed in the convoluted tubules around glomerulus.

s The experimental animal is same as Fig 4. H & E
stain, X 200.

: Fig 4c. Hepatic cells are amranged irregularly and the
sinusoid is congested. The experimental animal is same
as Fig 4a. H & E stain, X200. H & E stain, x 200.

& 4 ol A i=Hl 2HT Lot 9le  we Aos g,
ez Azbglc). Black 5, Forrat $-°, Sebbag 5%&
7ol 4] A5 kg streptozotocin 30 mg} alloxan 50 = | =
mgH & AmMEAlstol e Sualdc). Sebbag

B0 o9} Tt Lake 1052 Aol Fol3le] 9% A% kgD streptozotocin 30 mg¥} alloxan
dA AE™ Foirt Do gt £ @S 2 monohydrate S0 mg¥ S A M=}t o) 15% 2 4%

stedl Aot fedl 1o RueA Qe
Fo7b BR Gl 53] whno] ofw 7] Fe) 9
ekelA] W% sfskeh. 22)% Black S s

of &

A AAFEge] AN %A FAR g
9 ol Estelrh. AT o] S Aol 3l
2] islet cello] 2:A15]0] A kskn, A% A4

kel P8} streptozotocin} alloxan?] -£8o] LD L3 A A E] A WA, dZ2A T g S

well 7HRPAY Zaibeba sjeiet. o] AY Aste m ehiglom, 7bMZ glycogen degencration, A|H}F 3]

o= 7ol d A% ket streptozotocin 30 mg@ & E-& vlehc)
alloxan 50 mg¥-& AWFA}sle] wFaS Hulkx]y) A G go] gurg
2, AEH Foiglo]l ool AEAA 5 9le HFEL fructosamine FEE Fof & A% Zrlslciy) 33414

459 Aela WA

Y abo) 82, 153, A23, 1998



ol gletad efiroll 23 =gl i Fpalefe] Aol #a A 301

He plateaug YFebiglcl. 84 fructosamine ¥ Ei=
olAe] 24 el Askekshs ARAAL vk
i, & A 4-757ke] g vdafale) AbaaAlE o)
- A skedeh. oF sl o8 Sl G Aellx ¥
A fructosamine 5%+ 37 of 4-75-7ke] HF vt
& wedsigleh ey wd el sl WA
fructosarnineo| 347 & F71e] gFciebs uledd)
A EEe] Fa A 5Ago dgk s Ay
7ke] vhg3 A o RE el AR o848

oAl =laieh.
2 n 2 8

1. Baker JR, Johnson RN, Scott DJ. Serum
fructosamine concentrations in patients with type II
(non-insuin-dependent) diabetes mellitus during changes
in management. Br Med J 1984; 288: 1484-1486.

2. Baker JR, Metcalf PA, Holdaway IM, Johnson RN.
Serum fructosamine concentration as measure of blood
gluccse control in type I(insulin dependent) diabetes
mellirus. Br Med J 1985; 290: 352-355.

3. Baker JR, O'Connor JP, Metcalf PA, et al. Clinical
usefulness of estimation of serum fructosamine con-
centration as a screening test for diabetes mellitus.
Br Med ] 1983; 287: 863-867.

4. Bark H, Park R. Fanconi syndrome associated with
amoxicillin therapy in the dog. Canine Pract 1995; 20:
19-22.

5. Bergamini PF, Boari A, Impala A. Determination of
fructosamine in dogs: Reference values and observa-
tions on animals with diabetes mellitus. Veterinaria
Cremona 1992; 6: 67-70.

6. Black HE, Rosenblum 1Y, Capen CC. Chemically
induced(Streptozotocin-Alloxan) Diabetes mellitus in
the dog. Am J Pathol 1980; 98: 295-310.

7. Brown SA, Rakich PM, Barsanti JA, et al. Fanconi
syndrome and acute renal failure associated with
gentamicin therapy in a dog. ] Am Anim Hosp Assoc
1986; 22: 635-640.

8. DiBartola SP. Renal tubular disorders. In: Textbook
of Veterinary Internal Medicine, 4th ed. edited by
Ettinger, S, Feldman, EC. Philadelphia: WB Saunders
Co. 1995: 1801-1832.

9. Dixon FA, Maurer PH, Deichmiller MP. Half-lives
of homologous serum albumins in several species.
Proc Soc Exp Biol Med 1953; 83: 287-288.

10. Duncan B, Heiss G. Nonenzymatic glycosylation of
proteins-A new tool for assessment of cumulative
hyperglycemia in epidemiologic studies, past and
future. Am J Epidem 1984; 120: 169-189.

11. Duncan JR, Prasse KW, Mahaffey EA. Urinary

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

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

system. In: Veterinary Laboratory Medicine, 3rd ed.
Ames: lowa State University Press. 1995: 162-183.

. Entmacher PS, Root HF, Marks HH. Longevity of

diabetic patients in recent years. Diabetes 1964; 13:
373-377.

. Forrat R, Sebbag L, Wiernsperger N, et al. Acute

myocardial infarction in dogs with experimental
diabetes. Cardiovascular Research 1993; 27: 1908-
1912.

. Garcia MJ, McNamara PM, Gordon T, et al

Morbidity and mortality in diabetics in the Framingham
population, sixteen year followup study. Diabetes 1974;
23: 105-111.

Higgins PJ, Garlick RL, Bunn HF. Glycosylated
hemoglobin in human and animal red cells: Role of
glucose permeability. Diabetes 1982; 31: 743-748.

. Hindle EJ, Rostron GM, Clark SA, et al. Serum

fructosamine and glycated haemoglobin measurements
in diabetic control. Archives of Disease in Childhood
1986; 61: 113-117.

Jain NC. The plasma proteins, dysproteinemias, and
immune deficiency disorders. In: Schalm's Veterinary
Hematology, 4th ed. edited by Jain NC. Philadeophia:
Lea and Febiger: 940-989.

Jenkins DJA. Lente carbohydrate: A newer approach
to the dietary management of diabetes. Diabetes Care
1982; 5: 634-641.

Jensen AL. Various protein and albumin corrections
of the serum fructosamine concentration in the dia-
gnosis of canine diabetes mellitus. Vet Res Commun
1993; 17: 13-23.

Jensen AL. Serum fructosamine as a screening test
for diabetes mellitus in non-healthy middle-aged to
older dogs. Zentralbl Veterinarmed B 1994; 41: 480-
484.

Johnson RN, Metcalf PA, Baker JR. Fructosamine: a
new approach to the estimation of serum glycosyl-
protein. An index of diabetic control. Clin Chim Acta
1982; 127: 87-95.

Kaneko JJ. Carbohydrate metabolism and its disorders.
In: Clinical Biochemistry of Domestic Animals. New
York: Academic Press Inc, 1980: 1-51.

Kaneko JJ. Serum proteins and the dysproteinemias.
In: Clinical biochemistry of Domestic Animals, 4th
ed. San Diego: Academic Press Inc. 1989: 142-165.
Kaneko JJ. Glucosuria. In: Clinical biochemistry of
domestic animals, 4th ed. San Diego: Academic Press
Inc. 1989: 521.

Kannel WB, Hjortland M, Castelli WP, et al. Role
of diabetes in congestive heart failure: the Framingham
study. Am J Cardiol 1974; 34: 29-34.

Kancko 1J, Kawamoto M, Heusner AA, et al
Evaluation of serum fructosamine concentration as a



302

27.

28.

29.

30.

31.

32.

33.

34.

3s.

o] 75 - 23]l - AL

index of blood glucose control in cats with diabetes
mellitus. Am J Vet Res 1992; 53: 1797-1801.
Kawamoto M, Kaneko JJ, Heusner AA, et al
Relation of fructosamine to serum protein, albumin,
and glucose concentrations in healthy and diabetic
dogs. Am J Vet Res 1992; 53: 851-855.

Kennedy L, Mehl TD, Elder E, et al. Nonenzymatic
glycosylation of serum and plasma proteins. Diabetes
1982; 31 suppl 3: 52-56.

Kennedy AL, Merimee TJ. Glycosylated serum
protein and hemoglobin Al levels to measure control
of glycemia. Annals Internal Med 1981; 95: 56-58.
Mahaffey EA. Cornelius, L.M. Glycosylated hemo-
globin in diabetic and nondiabetic dogs. JAVMA
1982; 180: 635-637.

Mayer TK, Freedman ZR. Protein glycosylation in
diabetes mellitus: A review of laboratory measurements
and of their clinical utility. Clin Chim Acta 1983;
127: 147-184.

Nelson RW. Diabetes mellitus. In: Textbook of
Veterinary Internal Medicine, 4th ed. edited by Ettinger
SJ. Philadelphia: WB Saunders. 1995: 1510-1537
Olefsky JM, Reaven GM. Insulin and glucose
responses to identical oral glucose tolerance tests
performed forty-eight hours apart. Diabetes 1974; 23:
449-453.

Ostrander LD, Francis T, Hayner NS, et al. The
relationship of cardiovascular disease to hyperglycemia.
Ann Intern Med 1965; 62: 1188-1198.

Owens DR, Wragg KG, Briggs PI, et al. Comparison
of the metabolic response to a glucose tolerance test
and a standardized test meal and the response to

36.

37.

38.

39.

40.

41.

42,

43.

serial test meals in normal healthy subjects. Diabetes
Care 1979; 2: 409-413.

Reusch CE, Liehs MR, Hoyer M, Vochezer R.
Fructosamine. A new parameter for diagnosis and
metabolic control in diabetic dogs and cats. J Vet
Intern Med 1993; 7: 177-182.

Schmide MI, Hadji-Georgopoulos A, Rendell M, et
al. The dawn phenomenon, an early morning glucose
rise: implications for diabetic intraday blood glucose
variation. Diabetes Care 1982; 4: 579-585.

Sebbag L, Rorrat R, Canet E. Effect of experimental
non-insulin requiring diabetes on myocardial micro-
circulation during ischaemia in dogs. Europ J Clin
Invest 1994; 24: 686-690.

Smith JE, Wood PA, Moore K. Evaluation of a
colorimetric method for canine glycosylated hemoglobin.
Am J Vet Res 1982; 43: 700-701.

Sodikoff CH. Urine tests. in Laboratory Profiles of
Small Animal Diseases, 2nd ed. St. Louis: Mosby.
1995: 43-52.

Valleron A-J, Massari V. Assessment of the OGTT
in asymptomatic subjects. In: Advances in Diabetes
Epidemiology. edited by Eschwege E. New York:
Elsevier Biomedical Press. 1982: 7-16.

Willard MD. Urinary disorders. In: Small Animal
Clinical Diagnosis by Laboratory Methods. edited by
Willard MD. Tvedten H, Turnwald GH. Philadelphia:
Harcourt Brace Jovanovich, Inc. 1986: 121-153.
Wood PA, Smith JE. Glycosylated hemoglobin and
canine diabetes mellitus. JAVMA 1980; 176: 1267-
1268.

o)A 58| ®), AJ15H, #1235, 1998



