CHAPTER 1V

RESULTS

1. Determination of relationship between serum LDH activity and LDH

isoenzyme changes and mothomyl toiicity in rats,

Signs of toxicity

The rats given methomyl at a single oral dose of 3, 5 énd 7 mg/kg developed
the signs of toxicity within 5 minutes after dosing. The severity of toxic signs
depended on the dose level. These acute signs were known as results of .
cholinesterase inhibition, for example; nicotinic effects: generalized tremor,
generalized muscular weakness, muscular fasciculation; muscarinic effects: increased
bronchosecretion, difficuit respiration; and chewing movement. These effects
persisted for about 30 minutes to 1 hour. Subsequently, the severity declined and

completely recovered within 2 hours. No animais receiving methomyl died.

All rats recetving 5 repeated oral doses 5 mg/kg of methomy] survived the
feeding period. The animals showed the same clinical signs of toxicity as observed in
the single dose treatment groups. Nevertheless, these signs became less marked after

day 3 of dosing.

There was no weight loss after dosing and no significant diffirence in weight
gain between control groups and the rats receiving a single dose and repeated doses of

methomyl. The average weight gain of the rats was 7.4 g/day.
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Haematologic tests

The treatment groups of an acute dose (3, 5, and 7 mg/kg) and 5 repeated
doses of methomy! did not showed any significant cbange in hematocrit, white cell

count and differential count.

The hematocrit and leukocyte count of the rats in this study were 35.9-46.2 g%
and 3.8-6.8 (x10°/mm’) respectively. The differential count was as follows:
lymphocyte 85-94%, neutrophil 2-14%, monocyte 2-5%, ecosinophil 0-3% and
basophil 0-2%.

Total LDH activity

The total LDH activity in the plasma of control rats in the acute and repeated
dose study were 147-186 U/l (at 95% CI, n=21) and 138-172 U/l (at 95% CI, n=24)
respectively. The total plasma LDH activity of each groups at various time points
after dosing are summarized (table 14 and 15). The number of rats which had
increased total LDH activity at various dose levels and various time points after

dosing are shown in table 16.

On the 'ﬁrst day after single oral dosing of methomyl, all treatment groups
significantly increased in total LDH activity when compared with the controls (figure
17). One of six rats treated with high dose (7 mg/kg) of methomyl showed extremely
increase of LDH activity (2778.6 U/l) on day 3 following dosing, After that, the

enzyme activity in the plasma seemed to decrease to the normal ievel.

The rats fed 5 mg/kg of methomyl for 5 days exhibited slightly changes in total
LDH activity on day 5 and 7 after dosing, but not significant (figure 18).
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Table 14. The total LDH activity of rats treated with a single dose of methomyl

(3-7 mg/kg) at various time points after dosing.

Group . Control Methomyl Methomyl Methomyl
Time 3 mg/kg 5 mg/kg 7 mg/kg
(after dosing)
Day 1 161.4_*;17.7 341.1+8.9* 296.4+10,7* 211.44+37.1*
Day 3 146.4+16.3 108.9+11.8 242.9+57.0 668.61+527.8
Day 5 178.6+27.4 137.1420.9 156.0+22.2 137.2+18.0
Day 7 184,3+20,7 176.216.8 148.6+15.4 165.5+30.2

Values are expressed as mean + S.E, (n=2-6).
Two-way ANOVA was used coupled with Duncan’s multiple range test for statistical analysis.

* Significant increase when compared with the controls (p<0.05).

Table 15. The total LDH activity of rats treated with 5 daily doses of 5 mg/kg of

methomyl at various time points after dosing.

Group Control Methomyl

Time S mg/kg/d
(after last dosing) (5 doses)

Day 1 130.0+17.3 124,3+25.6

Day 3 154,319.6 140.0+6.0

Day 5 177.2+19.8 232.9+99.2

Day 7 177.2x11.4 20431549

Values are expressed as mean * S.E. (n=5-6).

Two-way ANOVA was used coupled with Duncan's multiple fange test for

statistical analysis,



57

Table 16. The number of rats fed a single dose and repeated doses of methomyl with

increased total LDH activity.
Group Levels of Single dose treatment Re:::t::eﬁ:;sc
Time increased total ~ Methomyl Methomyl Methomy! Methomyl
(after dosing) LDH activity* 3 mg/kg 5 mg/kg 7T mg/kg 5 mg/kg/d
(5 doses)
Day 1 1 1/4 2/4 2/4 1/6
2 3/4 - - -
3 - - - -
4 - = - -
Day 3 1 - - - .
2 - 1/6 - -
3 - 1/6 - -
4 - - 1/6%* -
Day 5 1 - 1/6 - -
2 - - - .
3 C \ . .
4 - - - 1/6%%*
Day 7 1 - - 1/6 1/6
2 = . - . -
3 = = - 1/6
4 - = Y .

* 1= total LDH >1.5-2 fold of normal values; 2 = total LDH >2-2.5 fold of normal values;
3 = total LDH >2.5-3 fold of normal values; 4 = total LDH >3 fold of normal values.

** The highest total LDH activity of rats fed a single dose of methomy! = 2778.6 U/L

***The highest total LDH activity of rats fed 5 daily dose of methomy! = 664,30 U/I.
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* Signiﬂéant increase when compared with the controls (p<0.05).
{Two-way ANOVA was used coupled with Duncan’s multiple range test for statistical analysis.)

Figure 17. Total LDH activity in plasma of rats receiving an oral dose of methomyl
at various dose levels (3-7 mg/kg) at different time points after dosing

(mean + 1.96S.E. ; n=2-6).
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(Two-way ANOVA was used coupled with Duncan’s muitiple range test for statistical analysis;)

Figure 18. Total LDH activity in plasma of rats receiving 5 repeated doses of
selected dose (5 mg/kg/day) of methomyl at various time points after
dosing (me_zm + 1.96S.E. ; n=5-6).
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LDH isoenzymes pattern

LDH isoenzymes in this study are expressed as relative percentage of total
LDH. LDH isoenzymes in the plasma of control rats are as follows: LDH-1 13.8%,
LDﬂ-Z 4.2%, LDH-3 4.3%, LDH-4 5.6%, LDH-5 72.1% for single dose study and
LDH-1 15.5%, LDH-2 3.9%, LDH-3 3.3%, LDH-4 5.7% LDH-5 71.5% for repeated
dose administration of methomyl (figure 19). The results (mean+S.E.) are summarized
in table 17 and 18.

Rats given an oral dose of 7 mg/kg of methomyl showed significant increase in
LDH-3 and LDH-4 on day 3 after dosing (figure 20).
However, in the repeated dose study, there was no significant difference

between control and treatment groups,
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Figure 19. LDH isoenzymes in the plasmé of control rats in acute and repeated dose
administration (mean+1.96S.E.).



Table 17. LDH isoenzymes in the plasma of rats treated with an oral dose of
methomyl (3-7 mg/kg) at various time points after dosing
(mean+S.E.; n = 3-6).

Day(s)  Groups* % of total LDH activity
after dosing LDH-1 LDH-2 LDH-3 LDH-4  LDH-5
Day 1 C 13.8+1.6 5.6+3.2 54+2.6 6.4+2.1 68.948.6

M3 9.0+20 19406 = 28+16 52418 811437
M5  6.8+1.8  27+L1  S1+22  68£3.1 78771
M7 92423 12400 30416  63+l4 80315

Day 3 C 17.8+2.8 3.5+1.6 4,7+1.9 52418  68.0+56
M3 21.623.5 2.4+0.8 1.2+0.1 1.8+02  73.3+4.2
M35 14.0+2.6 23402 1.6+0.7 46+13  77.6x1.6
M7 8.8+3.6 2040.7 10,0£2.7** 14,744.5*% 63.0+5.3

Day 5 C 12.2+1.9 36415 5.312.0 83+25  T0.9+5.1
M3 17.942.7 3.1z18 2.5+0.8 42+09 723135
M5 14.8+16  4.6+1.7 3.9+1.9 6.0£1.5  70,713.4
M7 12,740.1 2.4%1.0 2.7x1.0 5.5+13 76.7+3.0

" Day 7 c 11.542.1 3.8+1.1 2.3+1.3 2.8:05 79.543.1
M3 11.3+1.0 2.4+0.7 2.0+0.5 6014 784424
M5 12.2+1.9 3.2+1.3 5.2:2.0 6.8+2.5 727440
M7 12.2+1.2 7.344.1 1.640.3 53+0.4  73.543.9

* C=Control; M3=Methomyl 3 mg/kg;, M5=Mecthomy! 5 mg/kg; M7=Methomyl 7 mg/kg.
** Significantly increase of LDH iscenzymes when compare with the controls (p<0.05).
{Two-way ANOVA was used coupled with Duncan’s muitiple range test for statistical analysis.)

Table 18. LDH isoenzymes in the plasma of rats treated with 5 daily doses of
5 mg/kg of methomyl at various time points after dosing
(mean+S.E.; n=4-6).

Day(s} « Groups* % of total LDH activity
after dosing ‘LDH-1 LDH-2 LDH-3 LDH-4 LDH-5
Day 1 C 15.1+1.9 2.4+0.6 1,1+0.2 3.140.9 78.3+2,0
M5 11.7+1.6 3.7+14 4.5+42,0 6.0+1.7 742434
Day 3 C 13.7+1.5 4.8+09 4,5+1.2 7.4+1.0 69.7+1.5
M5 14,9423 2.3+0.6 4.0+1.9 6.4+2.6 72.5+2.0
Day 5 C 14242.6 47+1.2 5.3+0.9 7.2+1.4 68.7+4.6
MS5 17.313.8 3.8+0.9 3.5+1.4 4.7+1.3 70.8+5.0
Day 7 C 19.2:+1.8 3.8+0.8 2.3+0.7 5.2+1.3 69.5+1.3

M5 15.0+0.9 3.2+1.3 3.2+1.5 6.0+1.2 72.7+3.3
* C=Control; M5=Methomyl 5 mg/kg/day for 5 days.
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{Two-way ANOVA was used coupled with Duncan’s multiple range test for statistical analysis.)

M 3 B

Conlrol Methomyl
: 7 mg/kg
(day 3)

&3 LDH-1 OLDH-2 LDH-3 B LDH-4 RLDH-5

* Significant difference when compared with the controls {p<0,05),

Figure 20, Comparison of the LDH isoenzymes between control and 7 mg/kg
methomyl-treated rats (mean+1.96S.E.).
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GPT activity

Rats receiving single dose (3-7 mg/kg) and 5 doses of methomyl
(5 mg/kg/day) had no increase in SGPT activity when compared with the control
groups {Appendix F).

Organ weight and relative organ weight

In an acute dose administration of methomyl (3, 5, and 7 mg/kg), there was no
significant differences among control and test groups when measuring the organ
weight and the relative weight of spleen, heart and kidney. However, there was
significantly lower weight and relative weight of liver in all treatment groups on day

1, 3, and 5 after dosing and the 7 mg/kg methomyl-treated group on day 7.

The rats treated with repeated doses of 5 mg/kg methomyl for 5 days showed
slightly decreased in the relative weight of liver in the test group on day 1 and day 3
after last dosing, but not significant. We evaluated that the weight and relative weight
of liver in treatment groups cannot be considered abnormal when compared with the
controls. There was no significantly changes in the relative weight of other organs.

The data are summarized in Appendix G.

Histopathologic alterations

Microscopic ‘examination of all tissues (liver, spleen, heart and kidney)
showed the results within normal variation in both of the single dose and repeated
dose administration of methomyl. There were slightly histopathologic changes
observed in liver and spleen of the rats receiving a single dose of 5 and 7 mg/kg of
methomy] on day 1 and day 3 as well as the rats treated repeated doses on day 3, 5,
and 7. However, according to the expert pathologist’s opinion, these was no
significant difference when compared with the controls. The microscopic alterations
were characterized by an increase in incidence of mild +1) focal nécrosis of liver and

mild (+1) folicular hyperplasia of spleen.
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2. Determination of s'plenotoxicity in methomyl-exposed rats.

Signs of toxicity

The rats given a single oral dose of methomyl (6 and 8 mg/kg) developed the
signs of toxicity rapidly in a dose-dependent manner similar to those in the first study.
Certain rats pretreated with N-acetyl-L-cysteine (NAC) had diarrthea and the

cholinergic signs were unobvious when dosed with 8 mg/kg of methomyl.

Ervthrocyte and spleen cholinesterase activity

Erythrocyte cholinesterase activity of rats treated an acute dose of 6 and 8
mg/kg of methomyl slightly decreased, but not significant. Whereas the rats pretreated
with NAC showed the cholinesterase activity quite similar to the control groups
(table 19).

The 6 aﬁd 8 mg/kg treatment groups of methomyl and NAC-pretreated group
did not showed any significant change in cholinesterase activity in the spleen when

compared to the control groups.

Spleen weight and Splenocyte viability

On the first day after treatment, the spleen weight, relative spleen weight, and
splenocyte viability of rats receiving 6 and 8 mg/kg methomy] significantly decreased
when compared to the control groups, but these reductions did not occur in the NAC-
pretreated group (table 19 and figure 21, 22). These reductions declined on day 3 and
5, indicating the reversibility of these effects.
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Table 19. The erythrocyte cholinesterase inhibition, spleen weight, relative weight

and splenocyte viability of rats treated with 6, 8 mg/kg of methomyl,
the rats pretreated with 60 mg/kg NAC following 8 mg/kg methomyl,

and the control groups at various time points after dosing (mean + S.D.:

n=4-8).
Day  Group RBC ChE Spleen weight Relative weight  Splenocyte viability
activity (® (% of body (%)
(U/g Hgb) weight)
(n=8) {n=8) (n=8) (n=4)
! C 8.34+1.77 0.995+0.112 - 0.48 +0.05 84.8+3.7
M6 7.15+1.18 0.904 + 0.035** 045 +0.03 63.5+9.5%
M8 7.58 +1.73 0.877 + 0.051** 0.44 + 0.04* 57.2 4+ 10.8%++*
NAC+M8  7.69+1.62 1.004 + 0.104 0.49 +0.04 81.5+59
5 c 9.41+345 1.043 + 0.160 0.49 +0.06 809+1.8
M6 8.21 +1.55 0.917 +0.067* 0.43 +0.03** 73.5+7.0*
M8 8.57+2.99 0.927 4+ 0.047* 0.44 +0.02* 69.3+49
NAC+MB 964 +2.18 1.012 + 0,062 0.48 +0.02 814123
7 c 8.01+1.86 1.082 + 0.176 0.45 +0.06 82,.1+4.5
Mé 7.60 + 1.62 0.977+0.135 042 +0.04 807+ 1.7
M8 7.47 +1.31 0.965+0.118 0.43 +0.06 76.5+79
NAC+M8  820+2.79 1,012 £0.041 0.44 +0.03 80.1 +32

C = control; M6 = methomyl 6 mg/kg; M8 = methomyl 8 mg/kg; NAC = 60 mg/kg N-acetylcysteine
* p<0.10, ** p<0.05, *** p<0.01 (Student’s t-test was used for statistical analysis),
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Figure 21. . Spleen weight of the rats treated with an acute dose (6 and 8 mg/kg) of
methomyl and the rats pretreated with 60 mg/kg of NAC following an
acute dose of 8 mg/kg of methomyl at various time points after dosing

(Mean + SD; n = 8).

W A

Splenocyte viability (%)

Q
3

. Day (after treatment)

8 Control 0 Methomyl 6 mglkg
Methomyl 8 mgrkg 60 mg/kg NAC + Methomyl 8 mg/kg

* p<0.10, ** p<0.05, *** p<0.01 (Student’s t-test was uscd for statistical analysis),

Figure 22. Splenocyte viébility of the rats treated with an acute dose (6 and 8 mgkg)
of methomyl and the rats pretreated with 60 mg/kg of NAC following an
acute dose of 8 mg/kg of methomyl at various time points after dosing
(Mean + SD; n = 4). '
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