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Effect of some Insecticides on Fat Metabolism
amd Blood Enzymes in Rats
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IVE experiments were carricd out on 187 male albino rats { Sprague

Dawley Strain)hto test the effect of acute toxicity of inszcticides on:
liver and plasma lipids and som2 blood-enzymes. Ruals of treated
groups recicved one or repeated half lethal doses of the following
inseclicides : DT, Endrine, Durshan, Cylrolane and Lannate,
24h after the administration of the [ast dose of insecticides animals
were Killed and liver and blood samples were collected for the deter-
minations of : liver and serum lipid fractigns, blood transaminases
(GOT and GPT), alkaline phosphatase and ckolinesterase activities.

The main results obtained are:

i, Significant increase in liver weight as percentage of body wei-
ght only in rats treated with DDT,
2. DDT, Endrin or Dursban adminstration produced significant

rise in liver tolal 1ipids and triglyceride.  The effect of Cytrolane
was only on cholesterol fraction of the iver where was decreased.
Lannate produced ingrease in liver total lipids due to the rise of
cholrestero]l and triglyceride fractions.

3, DDT administration Lowered P/C ratio in serum due to the
decrease in cholesterol fraction. Dursban  poispning resulted
in significant increase in serum triglycerides and free fatty acids
associated with the production of fatty liver. Cytrol and
Lannate increased only serum phospholipid fraction.

4. All studied insceticides (except Endrin) produced significant
ingrease in GOT and GPT activities. Endrin effect was only
an GPT activity.

Alxaline phosphatese activity increased only in case of Dursban
Lannate intoxication.

)

6. Cholinesterase activity significantly lowered only with Dursban,
Cytrolane and Lannate poisoning.

Chlorinated-hydrocarbon, organophosphate and carbsamate compounds are
known to have potent effects upon the nervous systemn of a wide variety of
organisms from primitive invertebrates to man. This action had  been used
to considerable advantage in pest control where these compounds constitute
the major classes of insecticides,
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Organophosphates are desirable for field application because they break
down rapidely in the environment and do not persist in animal tissues (Stickel,
1974). Neverthless, certain organophosphates are extremely toxic and have
caused spread mortality among exposed labortaory and farm animals (Mills,
1973; Mehany, 1974; Stickel, 1974; Mendelssohn, 1977 and Zinkl ef al.,1978).

Animals poisoned with different compounds of insecticides showed inhi-
bition of chloinesterases and alterations in some other hydrolysis which play
an important role in lipid metabolism (Onikienko, 1963 : Sam kacew and Rad-
hay, 1973 and Peters er al., 1973). These changes produced reduction in the ca-
pacity of the liver to form and secrete lipoproteins or to oxidese fatty acids thus
causing accumulation of fat in the liver (Fiegelson e¢f af., 1961 ; Cecil et al.
: 1977).  Depression in blood and brain cholinesterase activity was also acco-
mpanied by an increase in the activity of blood transaminases (Roe, 1969 and
Uppal and Ahmad, 1977). Changes in the activity of blood transaminases and
alkaline phosphatese associated with degenerative changes in the liver was re-
vealed in animals poisoned with different compounds of insecticides (Hansell
and Ecobichon , 1974 and Barros ef al, 1978).

The aim of the present work is to study the hepatic physiological response
of rats to some insecticides. The results of the study may help in understan-
ding the toxic effect of these substances to farm animals. The tested insecticides
are : DDT and Endrin (organochlorines), Dursban and cytrolane (organoph-
osphorous) and Lannate (Carbamate).

WMaterial and Methods

This work was carried out in the Medical Phyciology Laboratory,
National Research Centre, Egypt, total of 187 male albino rats (Sprague Daw-
ely Strain) bred in the animal house of the centre were used in this study.

Five experiments were conducted to study the effect of some organochlorine
(DDT & Endrin), Organophospho (Dursban& Cytrolane) and carbamate
(Lannate) insecticides on: fat metabolism (Changes in liver weight and in liver
and serum lipids) and on blood serum enzymes. Rats of each experiment were
divided into control and treated groups. Treated rats received one or repeated
hall lethal doses of one of the following insecticides as indicated in the
Table 1

Collection of samples and methods used for biochemical analysis

1. Blood analysis

Rats were decapitated at 24 hr after the administration of the last dose
of insecticide. About 10 ml of blood were collected, and left for 30 min under
room temperature then centrifuged at 2000 r.p.m. for 10 min for separation of
serum.
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TABLE 1
Experi-! | No.of | Dose mg/lg
ment Treatment animals |Body weight Type of Adminstration
ey R | I | L S, N
1 DDT 26 150 Oral, repeated (3 suce. days)
2 Endrin(19.2%)* 22 15 Oral, repeated (3 succ. days)
3 | Dursban (859%)%# 26 ! 163 fniraperitonealin.2.succ.days)
4 Cyuolane (25%)*** 19 | 8.9 Oral, Single dose
3 Lannate (904%) [ 14 41 . Oral, repeated (s succ. days)

+ The number of the control animals was, 28, 15,18,
11 and 8§ for the five experiments respectively.

#* pDissolved in corn oil.

#4 Dilated in water { 1 : 20).

bl ater soluble,

Fresh serum was immediately used for enzyme determinations of

1— Blood transaminases (glutamic oxaloacetic and glutamic pyruvic tran-
saminases). The method of Reitman and Frankel (1957) was applied.

2 — Cholinesterase activity. Bigg’s et al. (1958) mehtod was used.

3— Alkaline phosphatase (as described by King and Armstrong, 1943)
A part of serum was stored at. 20% until used for the determination of :

1. Triglycerides. (The method of Van Handel and Zilversmith (1957)
was applied.).
Cholesterol (estimated by the method of Morrison, (1964).

Phospholipids . (measured as described by Bloor et al., 1922).
Free fatty acids (the method of Duncombe, 1963 was used).

A L b2

Liver analysis
Tmmediately after decapitation, rats were dissected to collect livers. The
liver was blotted between two filter papers and weighed.

Specimens from livers, were fixed in 109, formaldehyde saline, frozen sec-
tioned and stained by the method of (Helmy, 1962 and Pearse, 1968) for fat

deposition examinations.

The other part of the liver was stored at 20° until used for the
determination of:

|. Total lipids (The method of Folch ef al. 1957 was applied).

2, Triglycerides (as described by Tbrahim, 1981))

3. Phospholipids (,, 5 i »  1981)

4. Cholesterol (5, o " .. 1981)

Statistical comparisons were done using the Stuent’s test.

Eeypt. |, Anim. Prod. 23, No. 1-2 (1983)
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Results

L. Effect of insecticide administration, on liver weight and liver lipid fractions

As shown in Table 2, rats suffering from DDT poisoning showed hepat-
omegalic effect as indicated by the significant increase in their liver weight as
percentage body weight. Such effect was not observed when Endrin was adim-
inistered to rats.

Adiminstration of DDT or Endrin produced significant increase in liver
total lipids and in triglyceride fractions. This increase was greater in the case
of DDT poisoning than that produced by Endrin (Table 2).

Data in Table 1 also reveal the significant increase in total lipids, triglyc-
eride and phospholid fractions of animal’s liver which received Dursban.
The effect of Cytrolane was only on the liver cholesterol fraction, which sign-

ificantly decreased in the livers of treated rats in comparison with the control
ones (Table 2).

TABLE 2. Effect of administration of insccticides on liver lipid fractions.
(mean 4+ SE)

| | |

Experi-|  Treatment (Liver weight | Total lipids |Triglyc:erides Cholesters] :les,p'holids

m-nt | J(ﬂs“/obﬂd}"«*ci-l (gr/100gr]} (ng/gr 1) | (mg/erl) {mefarl.)
| | ght) ( | |
S - L | | SN L =
| | | !
|
[ |Control (10) _| 34402 454+02 5003 ‘ + 0.12 25 % ||
(DD T [ 504+02%73%04%130 1 & 33 40 |?I 30+ 29
I ! i |
2 Control (7) | 3.3 _—p_-{'Ji'3.4iuj|3_|i02|2.01_0_18: 21 + 09
|Eodein() | 3.4 £ 0.1 | 43203 623 1.3% 24 0.5 23 % 0.9
i |
3 |Control(10) | 36 202 | 3.0+ 023 ‘ 38404 30402 194 1.3
|Dursban(8) | 3.5 % 0.2 | 7.6 + 0.6°12.3 £3.2%| 2.8 £ 0.07) B3 % 1.2
4 |Control() | 3.5 + 02 ‘ 42 + 0.1 45409 ‘ 31 +0.07 244838
(Ctolane(i2)) 3.2 £ 02 151 + 0.5 |43 £0.7 2.2 4 0.17%| 25 0.7
3 Control(4) 394013001 |515ir.2|32i0.11| 22 4+ 2.5
iLannate (8) | 39+03 | 4.4 +0.1% 5540547+ 009 304 22¢

* Signific ant at P/0.05

‘ Lanna.t_,c administration produced significant increase in the liver total li-
pids. This increase is due to the singificant rise in cholesterol and phospholi-
pid fractions (Table 2).

2. Effect of insecticides on serum lipid fractions

As shown in Table 3, slight but not significant decrease in scrum cholest-
cl'ol,_phospholipids fractions and phospholipid/cholesterol(P/C)ratio was obser-
ved in animals receiving DDT. Serum free fatty acids tended to increase,
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Serum cholesterol of rats treated with Endrin, was the only serum lipid
fraction which significantly increased in comparison with the control ones
(Table 3). Endrin tended to increasc serum phospholipid fraction but without

affecting P/C ratio (Table 3).

The changes in lipid fraction of the serum due to Dursban toxication showed
highly singificant increase, almost to 3 times in the triglyceride and the double
in free fatty acids (Table 3).

As indicated in Table 3, serum phospholipid was the only serum fraction
which significantly increased due to cytrolane  toxication.

TABLE 3 Effect administration of insecticides on serum lipid fractions { mean -+ SE)

! Phospholip- | Free faity |
|

Experi- Treat- Triglyeerides | Chiolesterol ids(p) {umoi/100 P/C
ment ment {mg/100m!)  (mg/100 m)  (mg/100ml) | mi) ratio
: | | | |
[ [Control (1U) | 35 + 4 68 4~ 3 | 134 4= 20 85 + 4 2.1 04
DDT G | 9% 5 62 + 3 | 120 &+« 7 101 = 1o 1.9 4+ 0.2
2 |Control (7) 33 0.7 P12 4 7 | 130 == 10 97 4+ 4 | |2 + 0.2
Fadein (7)) S3 =+ 101 | 146 = 15% | 159 + 2 ‘ 94 4 4 | | 1= 01
3 (Control (10) | 74 &+ 91 4+ 6 | 153 =+ 11 |99 411 | 1.8 = 0.
Durshan 8 | 209 4+ 38% 96 -+ T | 176 6 187 +17%| 1.9 =02
4  Control (v) = %3 4 3 103+ 9 142 4+ 13 | 96 =10 | 4 =0
yaolane(12)) S¢ & 8 [ 108 4= 4 (85 + 12% 98 £ & | 1.7 0l
5 ontrol (4) 3 4= 5 0 84 4 15 | 133 4 25 125 426 R 1 + 0.5
Linnate (8 | 04 = 10° | 122 & 14 350 & sg% | 271 +20% 3.1 =06
¥ Significant at PO 05

serum

Data in Table 3 also reveal significant jncreasc in serum triglycerides.
phospholipids and in serum free fatty acids in animals receiving Lannate.

Effect of insecticides on serum enzymes (GOT, GPT, AL.P. and Ch. E.)

Administration of DDT to rats produced changes in the activity of serum
enzymes. Statistical analysis of the obtained results showed singificant increase
in the activities of both glutamic-oxaloacetic (GOT) and glutamic pyruvic
(G PT)transaminases occured in serum of treated rats over that of control ones
The values for alkaline phosphatase activity in serum of treated rats was within

the normal level (Table 4).
Statistical analysis of the results of cholinesterase activity, in terms of in
ternational units of acetylcholine hydrolyzed per ml serum per minute, revealed

slight decrease in it’s activity in rats treated with DDT.

Eoypt. | Anim. Prod. 23, No. 1-2 (1983)
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In case of Endrin poisoning, the activity of GOT was the only serum erzyme
which changed by significant increase.

The activitics of serum transaminases of rats treated with Dursban were
significantly higher than in control animals. GOT and GPT activities were
almost 114 and 3 times that of control rats (Table 4). Alkaline phosphatase
activity in serum of rats treated with Dursban showed significant rise in it’s
activity in comparison with the control ones (Table 4).Great effect of Dursban
on cholinesterase activity was observed. Five rats out of thirteen treated with
Dursban had no active cholinesterase. In general, cholinesterase activity
in serum of treated animals was highly significant low than in control rats
(Table 4).

As in the case of Dursban the second organophosphrous compound Cy-
trolane produced also significant rise in GOT and GPT activities associated with
decrease in treated rats. No changes were found in alkaline phosphatase acti-
vity (Table 4).

TABLE 4. Effect of adwinsitration of insecticides on serum cnzymes (Mean | SE).

Expert-| Gor |  ger ALP, | ChE
ment | Treatment IU/L, E ML KAU/100mi .U /ml.min
|
I |Control (5) | 79+ 2 32+ | 26 4+ 3 21401 (13)
DDT (5) | 1444-11* | 76 4+ 5* |37 4 10 [1.8 4 0.204
2 |Control (4) | 7l 5  [39.54 3 35 sl 7 2.340.2(4)
Endrin  (5) 924-6% 37.04 2 25 4 50 [2.040.1 (10)
3 |Control (3) | 794 6 33 4 2 33 4+ 3 1.84-0.4 (5)
| Dursban (5) 1264-16% 1110 4 27*% 65 + 7 0,440 1% (13
|
4 [Control (5) 324 1 31 4+ 2 18 -+ 1.4 1.7-+01
{Cytrolane(7) | 8245% oS8T 4 15 4 1.3 0340 1%
| | | | |
5 Icontse (4 ! Tix 5 404 3 25 4= 2 23402
iLannate (6) | 124376% | 88~-9F 584-3%
‘ ‘ ‘ |1.4410.2
GOT : glutamic — oxaloacetic transaminase AT P, :alkaline phosphatase
GPT : pyruvic transaminase Ch.E. : cholinesterase.
{ INumber of animals. *  Significant at P 0,05
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Similar to the effect ol Dursban, the activities of transaminases(GOT and
G.PTand alkaline phosphatase in the serum of rats treated with Lannate were
significantly higher than those of the control animals. Lannate poisoning also
significantly lowered the activity of serum cholinesterase but to less degree than
in case of Dursban treatment (Table 3).

Discussion

A common concept is that chlorinated hydrocarbon pesticides are trans-
ported in blood dissolved in the plasma triglycerides (Hayes et al., 1958). Also
binding of these pesticides to B-lipoprotein has been suggested by Luckens
(1969). Their lipid affinity is further suggested by the fact that chlorinated
pesticides accumulate in adipose tissue (Hayes et af., 1958).

Mitchell et al. (1977) found that the absolute concentrations of DDT on
a total lipid basis varied from tissue to tissue, the values for liver were the
highest.

In the present study, increase in liver weight as percentage of body weight
and in liver total lipids of animals treated with DDT was observed. These
results are in accordance with the findings of Cecil et al. (1974). They found
that DDT or polychlorinated biphenyl (Archor, 1242) feld torats or japanecse
quail produced ‘an increase in fiver weight and liver fipids.

Under the present experimental conditions DDT decreased the P/C ratio
in the serum associated with an increase in liver triglycerides. Dufl et al. (1950
and 1951) and Moore and Williams (1964) suggested that lowering of the P/C
ratio in the plasma parallels the degree of atheroschlerosis. Kingsbary ef al.
1969) reported that the main blood lipid changes which play a role i the
production of atherosclerosis are increased cholesterol and triglycerides. On
the other hand Greer and Kail (1974) found that DDT and polychlorinated
biphenyl are statistically associated with cardiovascular disease risk factor.
Soit could be suggested that DDT poisoning lead to cardial failure by inducing
advanced degree of atherosclerosis.

Itis clear from the present study, that in acute toxicity with Dursban flatty
liver occurred (Fig. 1,2). The rise in hepatic total lipids was due to the increase
in both triglyceride and phospholipid fractions.This was associated with an
increase in serum triglyceride and FFA. So it could be suggested that acute
durban toxicity induced fatty liver by increased mobilization of FFA from
adipose tissue. Carlson ef al. (9163) found that 24 hr after surgical trauma in the
dog the liver glycerides increased, this increase was directly proportional to the
increase of FFA . The accumulation of fat in the liver under many diverse ex-
perimental conditions has frequently been used as an index of fat mobilization
from adipose tissue (Barrettefal., 1938 and Leuis and Farber, 1952). 1t has
become clear that the free fatty acids (FEA) of the plasma represent a major
transport for mobilization of lipid from adipose tissue (Gordon, 1957 and
Fredrickson and Gordon, 1958).

Egypt. J. Anim. Prod. 23, No. 1-2 (1983)
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In case of Lannate poisoning, no fatty liver occured (Fig. 3), however the
total lipids increased. The rise was in phospholipid and in cholesterol fractions
rather than in triglycerides. This confirms the suggestion that production of
Fatty liver is mainly due to the increase in triglyceride fraction.

The data obained by Murphy (1966) demonstrated that acute poisoning
of rats by several organophosporous insecticides increased the activity of
hepatic alkalinephosphatase and tryorsine -transaminase activity. Menrath
(1973) found that oral administration of organophosphorous insecticide
caused liver damage in dogs, indirect evidence of liver damage was provided
by an increase in serum enzymes. The results of the present investigation ind-
icate that the activity of (GOT) and (GPT) increased significantly due to DDT
poisoning., Matsyuk er ¢/.(1974) also found that orz! administration of dich-
loroethane to rabbiis caused an increase in serum transaminases, Endrin ad-
ministration, in the present study, produced significant increase only in GOT
activity . Klevay (1971} reported that radiolabeled Endrin added to perfusates
appeared in bile of livers of male donors 2-21  times as rapidely as in bile of i-
vers of female donors. These findings explain the lesser toxicity of Endrin in
male rats found in. the present work, which is probably due to lesser tissue
storage in males.

The results obtained in the present study concerning Duwisban and Cy-
trolane intoxication, are in accordance with the results of Wright ef al. (1966).
These authors found that the cattle poisoned by oral administration of orga-
nophosphorous iusecticide had a serum of highly GOT and GPt activities,
This increase was correlated well with the depression of cholinesterase activity.

it is clear that cholinesterase was inhibited by Dursban and Cytrolane,
which are organophosphorous and not by DDT, which is an organochlorinet
This indicates that organophosphate pesticides are toxic because they inhibi-
acetylcholinesterase in the blood and in the nervous system and death occurs
from paralysis (Ludke- ¢t af., 1975).

The carbamate insecticide Lannate, markedcly increased the activity of
serum  GOT, GPT and alkaline-phosphatase. While the activity of serum
cholinesterase was decreased. Sakal and Matsumura (1968) reported that
organophosphate and carbamate insccticides owe their toxicity to  effect upon
the nervous system through their inhibitory properties against cholinesterases.

Carbamate insecticides are biologically detive becanse of their structural
complementarity to the active site ol acetylcholinesterase (ACHE) and their
consequent action as substrates with very low turnover, Carbamates behave
as synthetic neurohormones that produce their toxic action by interrupting
the normal action »f (ACHE) so that acetvlcholine accumulates at synaptic
functions.
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Fig. 3. Mierophot graph showing cellular necrosis, bui without fatty changes,
of the liver of rats {reated with Lannate,
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