CHAPTER IV
RESULTS

Effects of ethylene glycol on general conditions .

All dogs in group 2 (EG 15 ml) and group 3 (EG 3.0 ml) were alert and
responsive by the time EG was fed. By 3 hours after EG ingestion, they became
slightly depressed with no remarkable change in clinical signs. Until e hours after EG
ingestion, they became obviously depressed, ataxic, and showed the symptoms of
polyuria and polydypsia. By 24 hours after ingestion, 4 out of 9 EG ingested dogs still
had polyuria, the others were oliguria. All of them were dehydrated with sunken eyes
and skin turgor.

After general anesthesia, EG ingested dogs showed significant hypothermia
(P<0.05). The average body temperatures were 37.3+0.65 °c in group l(control),
36.44+0.25 °c in group 2 3and 36.88+0.43 °c in group 3 respectively. In contrast to
the clinical sign of dehydration, the hematocrit of EG ingested dogs did not
significantly change from the control group as shown in table 1.

Table 1 Effects of ethylene glycol on general conditions.

Group 1 Groug 2 Grou% 3
(Control) (EG L5ml) (EG 3.0 ml)

Body weight (kg ) 1448+ 202  145+244 146+ 389
Body temperature ( Oc ) 3136+ 065 3644+025 * 3688+043 *
Relative right kidney weight ( %bw.) 024+ 004 027+ 004 0.32 +0.05
Haemoglobin (gm/dl ) 11.22+ 182 1335+ 265 1144+ 183
Haematocrit (%) 3.2+ 594 3853 +6.67 32.76 + 8.04

Values are mean+SD. Abbreviation: EG, eth Ien%choI. _
Slgnlflcant difference values usmg one-way ANOVA and Duncan's new multiple rank test are

indlicated by * (P<0.05) which is differed from control values.
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Before euthanasia, the right kidney was isolated and weighed. The kidney
of EG ingested dogs were swollen and relatively increased in weight. Other changes
were not visible.

Effects of ethylene glycol on general circulation.

There was no remarkable cardiovascular change among group 1, group 2,
and group 3 shut the trends of change were observed. In group 2, EG ingested dogs
showed insignificant decreases of heart rate, total peripheral resistance, and blood
pressure. Cardiac output and cardiac index were slightly increased in group 2 ( table

2).

Table 2 Effects of ethylene glycol on general circulation.

Group 1 Group 2 Grou6)3
(EG30m)

(Control) (EG 15ml)
Heart rate ( beats/minute ) 41+ 23 1332 3 13123
Systolic p. (mmHg) 476+ 179 1373+ 217" 1538+ 173
Diastolic p. (mmHg ) 9%.2 + 182 995+236 1108 + 131
Mean p. (mmHg ) 1136+ 118  1123+247 12521 148

Pulmonary systolic p. (mmHg) ~ 27.2+ 53 255+49 308+ 68
Pulmonary diastolic p. (mmHg) ~ 12.4+ 59 115+45 16.7+78
Pulmonary mean p. ( mmHg ) 174+ 55 160 +43 212+ 74
Pulmonary wed eF. (mmHg ) 4.0+ 33 5.6+ 38 5.2+ 17
Stroke volume ? ml) 2385 1293 2818+ 1125 26.60 £ 842
Cardiac output(IJmin) 316+ 178 3.56+ 106 342+070
Cardiac index ( mi/min/Kg ) 22420+ 9.60 25250 + 860  225.20 + 4.00
Stroke-work index (gm-m/md 6843+ 4729 6648 +23.68  69.68 + 1956
TPR %xio3d n-sec/ms) 304+ 0.74 281+ 143 3.00+052
PVR ( xio3ayn-sec/ms) 048 £ 021 039£02  049+010

Values are mean+SD. Abbreviation: EG, eth){lene_ %chol; p, pressure; PVR, pulmonary
- Vascular resistance; TPR; total peripheral resistance. _
Significant difference values using one-way ANOVA and Duncan’s new multiple rank test
are indicated by * (P<0.05), ** (P<0.01) which are differed from control values.



Effects of ethylene glycol on the acid-base status.

As shown in table 3, the averages of arterial blood pH of dogs in group 2
and 3 were significantly decreased (P0.05). The averages of arterial blood pH in
group 1, 2 and 3 were 7.33+0.18, 7.14+0.06 and 7.1+0.05 respectively. No significant
changes in arterial pCC>2, pCe and cx» saturation were observed. Meanwhile
concentrations of arterial HCO3 and arterial tccs2in group 2 and 3 were significantly
lowered than that in group 1 (P<0.05). Moreover, the concentration of arterial HCO3
in group 3 was significantly lowered than that in group 1 ( p<0.01).

Not only the acid-base status of arterial blood significantly changed but also
the acid-hase status of central venous blood and renal venous blood. The averages of
central venous blood pH, HCO3and tccx2in group 2 and 3 were markedly decreased
from those of the control group (P<0.01). On the other hand, central venous poz in
group 2 and 3 were increased significantly (P<0.05). Although central venous pCo2
in group 2 and 3 were lower than that in group 1, there was no significant change of
central venous pCU2 among groups.

Renal venous blood pH in group 2 and 3 significantly decreased (P0O.01).
In addition, the decreases of renal venous HCO3 (PO.0l)and tCCx (P0O.05) were
observed . The averages of renal venous po2 showed no significant increases in group
2 and 3.

In contrast to the O2 consumption, the renal 02 uptake in group 2 and 3
were significantly decreased(P<0.05) as shown in table 3.
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Table 3 Effects of ethylene glycol on the acid-base status.

Group 1 Group 2 Group 3

(Control) (EG 15 ml) (EG30ml)
Arterial blood pH 73+018 7144006 7 714005 ¢
Arterial pC02 ( mmHg ) 28+ 176 30.1 +50 288 + 94
Arterial p02 mmHg? %9+319  1081+81 , 1149+ 153
Arterial HCO3 ( mmol/L 15254389 10214039 .  900+304 |
Arterial tC02 ( mmoI/Lg 1628 +440 1113 +0.56 9.93+3.33
Arterial 02 saturation ( %) 93.74+498  9630+0%0 ,, 9729+08 .,
Central venous blood pH 1.25£0.09 712 +0.05 1,08 +0.04
Central venous pC02 ( mmHg ) 418+ 121 39+110 ,  BL+ U0,
Central venous p02 ( mmHg 461+ 30 6L0+58 ., 616130 .,
Central venous HCO3 (mmollL ) 1795£259  1098+083 .. 1002+336 .,
Central venous tC02 (mmoI/LJ 1923+289 1199+ 0.96 11.07 + 3.69
Central venous 02 saturation (%) 7570+ 315 8254 +4.84 80.41 +5.40
02 consumption ( ml/min/Kg 598+ 113 089+202 ., 570x1% .,
Renal venous blood pH 7.28 £ 0.09 7.14 +0.05 7.09£003
Renal venous pC02 ( mmHg ) 38.4+ 149 43 +64 348+ 126
Renal venous p02 gmmHg? 91+132 769+ 107 , 769+ U4
Renal venous HCO3 ( mmol/L. ) 1718350  1140+09 , 1057+363 |
Renal venous tC02 (mmoI/L() 1842+383 1245+ 112 11.65 +4.03
Renal venous 02 saturation ( % 0294+399  8824+373 , 8897+630 |
Renal 02 uptake ( 10"Imi/min/Kg) ~ 2.70+ 181 0.53 £ 0.69 0.55 +0.97

Values are mean+SD. Abbreviation: EG, ethylene glycol; HCO3, bicarbonate; pCOZ,BartiaI pressure
_of carbon dioxide; POZ, partial pressure ofoygen; 02, oxygen; tC02, total carbon dioxide.
Significant difference values sing one-way ANOVA and Duncan's new multiple rank test are indicated
by * (P<0.05), ** (P<0.01) which are differed from control values.

Effects of ethylene glycol on renal hemodynamics.

By 24 hours after treated with ethylene glycol, dogs in group 2 and 3
showed significant decreases in glomerular filtration rate (GFR), effective renal
plasma flow (ERPF), and effective renal blood flow (ERBF) as compared to those in
group 1(P<0.01). There was significant increase of filtration fraction in group 3 as
compared to that ofthe control group(P<0.05). The rate of urine flow (V) decreased
while renal vascular resistance (RVR) increased in group 2 and 3 with no statistical
differences (table 4).
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Table 4 Effects of ethylene glycol on renal hemodynamics.

Group 1 Grougz Group 3
(Control) (EG L5ml) (EG 3.0 ml)
V FS pp Imin/K 80.29+ 3597 47.69 + 4862 58.92 + 79.82
F mI m|n 1153 + 52 2004230 ** 285|375
ERBF ( ml/min 1781+ 671 3%H+374  w 359+53 ®
GFR(mI/mm Kg% 314+ 084 067+070 * 095f 1% =
k { 2885+ 510 49.43 + 34.92 68.38 | 3124 *
RVR( lo3dyn-secloms)  38.72+ 117 1055250 + 204939  69442.83 + 1.3x104

Valugs are mean+SD. Abbreviation: EG, ethylene glycol; ERBF, effective renal blood flow;
ERPF, effective renal plasma flow; FF, filtration fraction; GFR, glomerular filtration rate;
RVR, renal vascular résistance; V/, urine volume.

Significant difference values usmg one- w%/ ANOVA and Duncan’s new multiple rank test
are indicated by * (P<0.05), * (PO.Ol) which are diiffered from control values,

Effects of ethylene glycol on renal tubular functions.

Data in table 5 showed that urine pH of animals in group 2 and 3 was
significantly decreased (PO.Ol). There were decreases of urinary excretion of
electrolytes, but significant differences were noted on urinary excretion of potassium
and bicarbonate. On the contrary, most of the fractional excretions of electrolytes
were increased, but the significant increase was noted on the fractional excretion of
potassium in group 3 animals only. The averages offractional water excretion and free
water clearance showed no significant increases in group 2 and 3 animals. On the
other hand, the average of osmolar clearance showed no significant decreases in group
2 and 3 animals.



Table 5 Effects of ethylene glycol on renal tubular functions.
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Group 1 Group 2 Group 3
(Control) (EG L5ml) (EG30mi)
Urine pH .10+ 0.28 0.34 + 0.34 6.3+ 037 **
UNaV F pmoI/mln q) 1093 £ 6.3 341+ 306 5.08 £ 6.40
pmol/min/K 2.86 + 0.86 0.58 +0.62 092+ 120 *
UqV moI min/ 9 9231578 179+ 173 3.36 +4.29
UhogsV/ ( pmol/min 119+ 0.15 0.03 +0.02 003+ 003 *
UNRV ( pmol/min/Kg 0.18 + 0.12 0.05 0.06 015+ 0.5
TA ( pmol/imin/Kg) 062+ 027 051 047 0431 078
NAE pmoI/mln/ 0) 141 +0.82 103+ 100 156+ 2.0
FE 243 1 0.98 9.13+8.92 1857+ 17.71
FEk % 27.28 + 558 3580  17.08 92.24 + 64,05 *
FEq( % 241+ 111 6.70 +8.78 1535+ 1751
FEhcod %) 288 + 131 1.76+2.36 444 + 487
FERO103) 264 + 1.4 11.15+7.01 2088 + 1997
Oslyno_la/r Kcle)arance 11451 £ 5462 34.69 +32.90 5043 + 76.45
min
ree \(vateéJ Clearance -39.06 + 70.12  -1875469.11 1343 £ 95.29
(pl/min/Kg )

Values are mean+SD. Abbreviation: Cl, chloride; EG, ethylene glycol: FE, fractlonal excretion
of electrolyte; HCO3, bicarbonate: K. potassium; Na, ‘Sodium: NAE, net acid excretion;
NH4, ammonium; TA |, titratable aud uv, unnary excretion ofeectro¥te

Significant difference values usmg*one way ANOVA and Duncan's new mu pIe rank test
are indicated by * (P<0.05), [Ol) which are differed from control values.

Effects of ethylene glycol on concentrations of urea nitrogen, glucose,

electrolytes, and osmolality in plasma.

The increases of plasma urea nitrogen, sodium, and potassium were
observed in group 2 and3 dogs but significant difference did not appear when
compared to those of dogs in group 1. In addition, anion gaps of dogs in group 2 and
3(20.75¢12.63 andl9.62£7.51 mmol/L) were higher than the result in group 1(9.49+
509 mmollL). The measured osmolalities of dogs were increased in group 2 (P<0.05)
and 3 (PO.OI). Osmolal gaps ofdogs in group 2 and 3 (20.818.34 and 38.46213.05
mOsm/Kg) were higher than that of group 1 (9.32£5.50 mOsm/Kg) because the
increase of the measured osmolality was higher than the increase of the calculated
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osmolality. Therefore, the increase of the osmolal gap was seen , especially in group
3(P0.0I).

Table 6 Effects of ethylene glycol on concentrations of urea nitrogen, glucose ,
electrolytes, and osmolality in plasma.

Grou Group 3

(Contr%l) (EG 1? m) (G 3.8 ml)
Plasma urea nitrogen é mg/dl ) 1596+460 2963+ 1876  3L21 +21.20
Plasma glucose ( mg/ I) 533+ 1771 6642+ 1554 67.61 + 20.08
Plasma Na mmoI 13450 +2.78 13750+ 367 13760 + 2.79
Plasma K ( mmoI/ 334 +0.28 359+ 0.65 362 +0.89
Plasma CI mmol/L 11425 +514 11013 +890 11260 + 4.52
Anion gap ( mmol/L) 049+509 2075+ 1263 1962+ 751

Calculated osmolality (mOsm/Kg) 28560 +5.98 ~ 296.75 + 1350  297.40 + 12.12
Measured osmoIah%}KmOerKg 29250 + 1044 31725+ 1099 4 335.80 + 23.35
Osmolal gap ( mO 932+550 2081 +834 38.46 + 1305

Valulels are ra1ean+SD Abbreviation: Cl, chloride; EG, ethylene glycol; K, potassium;

a, sodium

Significant difference values using one-way ANOVA and Duncan's new multiple rank test
are indicated by * (P<0.05), ™ (P<0.01) which are differed from control values.

Effects of ethylene glycol on concentrations of urea nitrogen, glucose, electrolytes
and osmolality in urine.

The significant decrease in the level ofurine urea nitrogen was significantly
noted in group 1 animals (177.26+75.08 mg/dl) when compared to those in group 2
and 3 animals (65.26£20.66 and 66.449+21.46 mg/dl) (PO.01). On the other hand,
urine glucose level was lower in group 1 (4.13+2.02 mg/dl) than those in group 2
(10.93i5.91 mg/dl) and group 3 (31.59i25.76 mg/dl). The significant increase of
urine glucose was shown in group 3 (PO.Ol). The average concentration of urine
sodium in EG ingested dogs was lower than that in control dogs without significance.
The average concentration of urine potassium was significantly decreased from
38.44i9.64 mmollL in group 1to 12.55i4.28 mmol/L in group 2 and 19.42il0.72
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mmol/L in group 3 (P<0.01). The concentration of urine chloride was significantly
changed only in group 2 (P<0.05), although there were decreases in both of group 2
and 3 animals. Urine anion gap were higher in group 2 (60.58£22.41 mmol/L) and
group 3 (61.13£28.26 mmol/L) than that in group 1animals(46.60£20.36 mmol/L). In
contrast to the plasma osmolality, urine osmolality in group 2 and 3 animals appeared
to be lower than that in group 1animals, however, the significant difference appeared
in group 2 (P<0.05) in both calculated and measured osmolality when compared to

those in group land 3.

Table 7 Effects of ethylene glycol on concentrations of urea nitrogen, glucose,
electrolytes, and osmolality in urine.

Group 1 Grougz Group 3

(Control) (EG L5 ml) (EG 3.0 ml)
Urine urea nitrogen émgdl) 17726+ 7508 6526 +20.66 ™ 66.49 +21.46 *
Urine glucose (m E/ 1) 413 + 202 1093 + 1591 31.59 +25.76 **
Urine Na ( mmol/ 14580 + 6206 98.75+ 3858 ,, 11500+ 31.88
Urine K ( mmol/L 38.44 + 9.64 1255+428 7 1942+ 1072
Urine Cl (mmol/L 11935+ 5236 49.56 +29.83 712.35 12116
Urine anion gap ( mmol/L ) 46.60 + 2036 60.58 + 2241 61.13 + 28.26

Urine calculated osmolallty(mOsm/Kg) 432.00 + 158,69  246.50 + 76.16 : 295.00 + 77.81
Urine measured osmolallty mOsm 460.80 + 183.18  270.00 +57.17 ~ 357.20 * 69.55
Urine osmolal gap ( mOsm/ 36.40 + 2668 2529 + 17.15 71.90 + 3841

Valugs are mean+SD. Abbreviation: Cl, chloride; EG, ethylene glycol; K, potassium; Na, sodium.
Slgnlflcantdlfference values using one-way ANOVA and uncansnew muItlpIe rank test
are indicated by * (P<0.05), * (P<0.01) which are differed from control values.

Effects of ethylene glycol on renal lipid peroxide concentration and xanthine
oxidase activity.

The changes of lipid peroxide concentration were observed by measuring

malondialdehyde as shown in table 8. The increase in the level of malondialdehyde in
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kidney tissues were significantly noted (PO.OI) in group 2 and 3 animals (126.47+
18.02 and 137.13+59.07 mmol/gm.kidney protein) as compared to that in group 1
animals (65.64£20.80 mmol/gm .kidney protein). On the contrary, xanthine oxidase
activities were lower in group 2 and 3 animals (30.96t+ 5.25 and 57.12:24.18
munit/gm kidney protein) than that in group 1animals (75.00+10.44 munit/gm.kidney
protein). The significant difference of xanthine oxidase activity between group 2 and

group 3 animals was evident (P<0.05).

Table8 Effects of ethylene glycol on renal lipid peroxide concentration
and xanthine oxidase activity.

Group 1 Group 2 Group 3
(Control) (EG L5ml) (EG 3.0 ml)

Malondialdehvde 65.64 +208 12647+ 1802 *  137.13+59.07 *
( nmol/gm.kidney protein )

Xanthine oxidase activity ~ 75.00£ 1044 3096 + 525 **s 57.12+24.18

( munit/gm.kidney protein )

Values are mean+SD. Abbreviation: EG, ethylene glycol.
Significant difference values usmg one-way ANOVA and Duncan's new multiple rank test
are indicated by * (P<0.05), ** (PO. OJ which are differed from control values.
(P0O.05) is indicated the S|gn|f|cant ifference between EG 15 ml and EG 3.0 ml.
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