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Abstract : This study was performed to evaluate the ultrasonographic findings of ethylene
glycol intoxication. Ten healthy mongrel dogs which was administered with ethylene glycol,
were evaluated in terms of clinical findings, hematological findings, blood chemistry, and
ultrasonographic and histopathological findings of kidney. The results obtained through these
experiment could be summarized as follows :

1. Typical clinical symptoms such as vomiting, initial apprehension, depression, thirst,
dehydration, tremor, anorexia, hematuria, anuria, weakness, weight loss, flaccid paralysis,
tachypnea, coma, and death, were revealed after administration of ethylene glycol.

2. Special symptom of bloody diarrhea was occurred by administration of ethylene glycol.

3. After administration of ethylene glycol, PCV was decreased continuously(p<0.01), and total
leukocyte count was increased gradually, revealed the highest value at day 5 and thereafter
decreased.

4. Remarkable changes of ultrasonographic findings such as high echo intensity of renal
parenchyma and emergence of halo in corticomedullary junction, were revealed after
administration of ethylene glycol. Early(hour 8) enlargement and late(day 3) enlargement were
observed in kidney(p<0.01). Especially, late enlargement was observed concurrently with the
elevation of BUN and creatinine values.

5. Calcium oxalate crystals, metabolites of ethylene glycol, were observed in histopathologic
findings of kidney. Also, degeneration and necrotic exfoliation of epithelial cells were recognized

in addtion to swelling of renal tubules.
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Ethylene glycol HOCH,CH,OH)2 Z4, ¥3 9] dgt&
Ad Az AL, YA E FA 7 ¥FHE A
AlE AE AR A5 AR FE54E v Rt
FHE AHA, HAE, FHA, %A, =8, 3 F, A4F
A FeEAYAe Az 4 AGFE 84 5ol AHEHT
At o] gL kg 29wt A A g F
Mg ngolg HET g FEAN E3] FEFo
whd o, )9l moFolo A ethylene glycole] A XA}
T2 100% SHAME 2 6.6mlkgst 1.5mikg’ T
YutH 0 2 R FAE FEHLRE AMEHE 50% &42
2% 13.2ml/kg} 3mlkg'o) o).

A @A F5E ethylene glycol & T2 Mg A o
At e ARE DR datel BAAD. FEF LS ethy-
lene glycol 2o 2]8}7] Koty 2 tAMIEo £4&
Fdgo 2R WAE, o GAMIZEL ethylene glycol
59 ¥ & Yl e g

Ethylene glycol® A3 & &2
o} FHHE 5EFA g B oy cl"‘c?
o8 FEF 3 B oy, Fgo) FHeE 0
FoE FE 37 HAHY AFH F5 «1 gt
A A5 ]2 MY qf7t FEF3 54 o
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Fig 1. Schematic representation of the ultrasonographic meas-
urements of the kidney on the medial longitudinal section(A)
and on the transverse section in the region of the renal hilus(B)
through the kidney.

A-1: length of the kidney, B-2: diameter of renal parenchyma,
A-3: diameter of renal sinus, B-4: width of the kidney, B-5:
depth of the kidney.

Mo el ZAEH TE A 2HaAE B
8}7] 913819 ethylene glycol Fo % 390 559 ZojA

B2 43¢ 935z Aaa ol 559 A A
A% 699 BF m4s) §F A5 S BAlde] 24%
Hof AT 232 10% 54 formalin 4o 23

3 ¥ paraffine Z Tujslgor Sum B4 2 Agsld
HE gA38to Ftan g o2 fasch

SAHXE B AgoA dojn HAES §o4 AA
2 BalRAMoz 2AANEYon, 24F 7HY vy ~
test, AT 2H] WL E FlestZ AA ST
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HME X AH : PCVE ethylene glycol ¥R A, B F
4,8, 12,18 24417}, 2, 3,4,5 9 6o 77 427, 42.1,
404, 38.4, 40.1, 37.9, 37.6, 36.4, 31.2, 32.4 T 30.8%E A|
7ol ol whet A& 402 74 8¢ cHp<0.01, Fig 2).
£wW 8745 ethylene glycol £33, o] % 4, 8,12, 18,
247171 2, 3,4, 5 2 699 24z} 1832, 18.06, 19.33, 18.
59, 18.61, 19.70, 19.93, 19.43, 20.50, 23.34 2 19.10( x 103/
& dehgo] &M 02 Bagtd oy Fo4L U
=] 2] % kri(Fig 2).
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Fig 2. Mean PCV(%) and WBC(X 10°/ul)+ SEM before and a
administration of ethylene glycol in dog.
a, b : Values represent significantly(a : p  0.01, b : p ( 0.05)
changed PCV when compared with the pre-administration
value, *Values are significantly different(p { 0.01) among all
groups.

Plasma proteine ethylene glycol o], TojF 4, §,
12, 18, 247471, 2,3, 4,5 ¢ 69 242} 6.6, 6.3, 5.6, 5.7,
58,59, 61,56,52,54 2 S5lgdlZ AxHoZ 743}
= A 8%& ¥ AtHp ( 001, Fig 3).
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Fig 3. Mean plasma protein+SEM(g/dl) before and after ad-
ministration of ethylene glycol in dog.
a, b : Values represent significantly(a : p  0.01, b : p  0.05)
changed plasma protein and creatinine when compared with
the pre-administration value. * : Values are significantly
different(p ¢ 0.01) among all groups.

29 A2 (Blood urea nitrogen, BUN)®} creatinine-2
ethylene glycol BoJ A, Bl ¥ 4, 8, 12, 18, 2442, 2, 3, 4,
59 690 Ztz}t 275, 27.7, 27.8, 300, 379, 433, 770, 94.

0, 80.0, 45.0 ¥ 26.0mg/d1¢} 0.8, 0.7, 0.7, 0.8, 1.2, 1.8, 3.2, 3.
8,37, 13 ¥ 0.6mg/dlE Jeho] Al Aol whe} F
748} T} ethylene glycol £33 3o HAF& B F F
A8 Zaste ZEe YERATHp (0.0, Fig 4).
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Fig 4. Mean Bun(mg/dl) and creatinine(mg/dl)+SEM before
and after administration of ethylene glycol in dog.
a, b : Values represent significantly(a : p { 0.01, b : p { 0.05)
changed BUN and creatinine when compared with the pre-ad-
ministration value. * : Values are significantly different(p < 0.
01) among all groups.

Table 1. Clinical signs and ultrasonographic echogenicity of renal parenchyma in the dogs intoxicated with ethylene glycol

n=10(n=5in4, 5 and 6 day) Mean+SEM.

Before After admin.
Variables dmi
admin. 4 gh  12h 18 24h  2d  3d 4d 54 6d
Vomiting - 1+ 4 + + ++ + - + - -
Initial apprehension - ++ + - - - - - - - -
Depression - + o+t 4+ A+t e+ A+ 4+
Thirst - + + + -
Clinical £+ f + o+t ++ 4+
sign Convulsion -+ 4 + ++  ++ + + + *
Anorexia - - + - + + ++  ++ * x t
Blood diarrhea - - - - + ++ x ++ + + -
Others According to the time, tachypnea, flaccid paralysis, dehydration, weight loss. weakness,

Ultrasosnographic echogenicity” of

renal parenchyma 1 13 2

hematuria, anuria, coma and death were occurred.

2.5 25 25 3 4 4 3 3

* The data significantly changed(p { 0.01) values when compared between all group.
® Each clinical sign was graded for the following parameters; - = none; + =slight; + = moderate; ++ = severe; +++ = very severe.
Each ultrasonographic echogenicity was graded for the following parameters: 1 = echo-poor; 2 = slightly echo-poor; 3 = slightly echo-rich; 4 = echo-rich.
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Yatsa: 4% A A9 JEF4E Table 19 e}
Wl th Ethylene glycol $o 3 3 & 0.5~4A| 74o]l 45, 244]
7R 659 Aol FEFHE JeUS 1, 297} 4]
Z712 247t 1549 Aol FEE Yg o, F 857
TEZME 29t} Ethylene glycol $9% 8A| 74714
559 7oA 27 EgFAl e, 1% A3y
2 ALHAAM 24A 30 A EFAe] uzxd oJ2F o
o}, 39 o]Fo & ALFAPo]l i FHEHSIT Ethy-
lene glycol FoJF SA|ZHRE &4 %0] F7tate 29|
EFol §FAUL, I o)F FFFo| thd TAHS
th A 8o AR Fadstd 243 3d = A EAH A} 9
Ao 1 o] Foe FA 3 E-F ¢ir). Ethylene glycol ¥
A% 24Azte] 379 Zo] AAFAE HALd ofF
27 Aol en, 393 494 747 2% 9 179
ol F71E BiY HALE UEIAAT 718 Alzte] 3
A3t whet NS E, oA mhal, 2, A4, 8,
e BE Fi, $FAZ, £ ¢ HAV AR
Ethylene glycol £ F 56| 157¢] Z o] HAagitt.

Zgatatel e 20 J4E B A% 27
g A& 2=, 4389 F72 ethylene glycol F3,
2% 4,8 12, 18, 24717, 2,3, 4,5 2 6Yq, 22t H
20| M 55.6, 56.0, 63.5, 60.2, 57.5, 54.7, 53.0, 51.6, 56.2,
540 2 51.8mmE, $ZoA 54.7, 54.9, 61.5, 55.8, 52.2,
50.0, 49.9, 514, 55.8, 53.9 2 50.3mmE v}ER I o (Fig
5. Ao dA & Azte Ao wyp 42 M
32.3, 314, 40.5, 35.1, 33.7, 33.6, 30.8, 32.7, 339, 31.9 ¢
29.8mm&, 32| A 35.0, 36.6, 40.6, 34.2, 34.5, 33.1, 34.
0, 34.9, 35.4, 33.0 2 279mmE Jehl A chp ¢ 0.01, Fig
6). Ao £ Azte] Fael meh 247 F & A 224,
22.3, 278, 24.4, 232, 251, 223, 229, 23.2, 20.7 ' 20.
ImmE, $-Zo|A 227, 24.6, 28.7, 21.8, 25.0, 23.1, 25.3,
239, 24.7, 24.6 2 229mmE UEHA A IHp ( 0.01, Fig 6).

Ao R AAHY 94 Ao #
ALZEE 5943 2 vusg s Fde &3
A A 4X7Hp < 0.01), 8A ZH(p € 0.01) 2 6Y(p < 0.05)
4 & AF A 24X 7Hp 0.05) R 6Y(p 005l
g4 e 27HE Jer AT

A% 449 Are A A e 44 &
o A} 12.6, 11.4, 14.6, 10.6, 11.7, 10.3, 10.0, 9.4, 89, 8.5 &
11.1mmE, 9244 11.6, 12.7, 129, 9.7, 9.6, 9.1, 10.5, 9.
6, 9.5, 1.6 2 104mmE YJERItHp ( 0.01, Fig 7). A
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Fig 5. Mean length of the kidney = SEM(mm) before and after
administration of ethylene glycol in dog.
a, b : Values represent significantly(a : p < 0.01, b : p ( 0.05)
changed length of the kidney when compared with the pre-ad-
ministratio value.
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Fig 6. Mean width and depth of the kidney + SEM(mm) before
and after administration of ethylene glycol in dog.
a, b : Values represent significantly(a : p{ 0.01, b : p { 0.05)
changed width and depth of the kidney when compared with
the pre-administratio value. * : Values are significantly
different(p < 0.01) among all groups.

T A7 A AT g FZ4A 37 112,
120, 122, 11.7, 12.1, 12.2, 11.9, 125, 122, 11.0 2 10.
8mmE, ZdA z}z} 10.7, 10.6, 13.1, 11.6, 12.7, 13.0,
10.7, 101, 108, 11.2 2 10.8mmE vER}o] 1 w37}
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Fig 7. Mean diameter of renal parenchyma+ SEM(mm) before
and after administration of ethylene glycol in dog.
a, b : Values represent significantly(a : p (0.01, b : p { 0.05)
changed diameter of renal parenchyma when compared with
the pre-administration value. * : Values are significantly

different(p ¢ 0.01) among all groups.
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Fig 8. Mean diameter of renal sinus+SEM(mm) before and aft-
er administration of ethylene glycol in dog.
b : Values represent significantly(b : p  0.05) changed di-
ameter of renal sinus when compared with the pre-ad-
ministration value.

A 3tA) o trh(Fig 8).
Ethylene glycol £ 2 Alzte] Z o] wet 4% 44
9] echo’} F7hstglw=d 2 ¢ HFY echod) B G

& W high echo intensity® Xt} E 3 ethylene glycol
FoqF 39 & HAH £ Abojo] echort HAA 7
A (halo sign)dhE 2 -&3HAHE YERIA T 18] 49 o
F9 2¢BAAAE halo signg #a3HA] B3¢, 4
A 9] echokx A 748 AoHFig 9).

He| X XS 4 AR, HAF 3Y 2699 ¥
2283 A4L Fig 10 ¥ 113 2ok HAF 399
AL g5 FYol o, dxude L 34
9] calcium oxalate A o] F&AHc} E3] calcium ox-
alate 440} e AL FAHYOH, ATy
FYANE7L QF AT AXF 6d 9 AFL HA
¥ 3943 9284 o, calcium oxalate 2 o] R E
AdEAoH, AAETS B AN, A=Y
FHAEE 43 HA g A
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Zo 5uE4e goy TEMY 27184 ¥ 38,
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Ao, B Ex Fi’, $EAUR, EF 2 AE 59 ¢
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Ao gzt o] oA =d 2 ot O
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3}od glycoaldehydeZ =] 11, o) H ¢] glycolic acid$} glycox-
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acid¥ calcium® 2§38} calcium oxalated A & & A &}
Al ot

Ethylene glycolo] tjAlE]7l Ao q@&s Fogid
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FFAAAY viuo] o o4 A v}, B, AF LA,
8ok, 8 BE R, $B4Z, &5 € A4 B9 94
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FAF 549 1579 Ao] HAs e ol BAZ, A
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ineo] HIAE Yetdtirt Fa ARA 2 EHUE
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Atd e Ao 224 Q) Fo7h AlFE ] 49 ThA] A
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thylene glycol 5 F 7 E, 27] 8¢, 3 &, 45,
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ZEA

2. Ethylene glycol ]2 g YA HAlE9] o] FAfo]

EREEL

3. Ethylene glycol Fof 3o PCVE A|&A 0 2 7443
Aom(p(001), FHEFT= FoAF HX Frlsdo
596 A A& Ve oY ol F ZAEAT

4. Ethylene glycol B2 Al 249 echo F7} Y
halo sign 53 Z& 25349 @A G st doje
H, A%Ze 271 € 71 U7 AL 2@ (0.01), 573
27 29 ¥dF24ALY creatininex] 9] A(p (0.
01 fAHE A7) of A 8t o).

5. 40789 Wl zAA 24 REHE v 2
AMATE Q) oxalate crystal S RIS RO, A =3t
BT tiEo] AofAEe WA 2 A 2k &7
AR = Ak

Legend for figures

Fig 9. Ultrasonographic appearances of kidney lesions induced by ethylene glycol in dogs. K : kindney, L : liver, S : spleen.
OH : Border between renal sinus and renal parenchyma is seen. The echogenicity of kidney was lower than that of liver of

spleen.

4H : Kidney was slightly enlarged, and the echogenicity of renal parenchyma increased in a little. A part of liver is seen on

upper left region of the kidney.

8H : The echogenicity of renal parenchyma was increased still more, and showed same echogenicity, compared with liver.

12H, 18H and 18HT : The echogenicity of kidney was very increased, and revealed the middle between liver and spleen.

24H, 2D : The echogenicity of kidney was increased like spleen.

3D : The echogenicity of kidney was increased still more, and sonolucent part(halo sign) was seen in corticomedullary junction

(arrowhead).

4D, 5D and 6D : The echogenicity of kidney was remarkably increased and revealed high echo intensity.

Fig 10. Photomicrograph of renal tissue from the dog with oxalate nephrosis presumed to be secondary to ethylene glycol intoxication
(X 200). Many calcium oxalate crystals were sedimented in enlarged renal tubules on 3 days after administration of ethylene

glycol. Arrow : calcium oxalate crystal.

Fig 11. Photomicrograph of renal tissue from the dog with oxalate nephrosis presumed to be secondary to ethylene glycol intoxication
(X 100). On day 6, renal tubules were enlarged, but calcium oxalate crystals were mostly diappeared. Also, epithelial cells of
renal tubules revealed necrosis, and partial necrotic particles were observed in renal tubules. Amrowhead : debris of epithelial

cells.
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