The Effeet of Various Levels of DDT

on the Carbohydrate Metabolic Process of Rats

Constance Deneff

under

Miss Eleanor Myshak

Thesis presented to the Department of Chemistry, Carroll College

as required for honors, credit, and graduation.

March 26, 1970

CARROLL COLLEGE LIBRARY
HELENA,, MONTANA 59601

£

ACKNOWLEDGEMENTS

Special recognition is given to Miss Eleanor Myshak.
assistance in this project was invaluable.

Her

Appreciation is also

extended to Dr. Arthur Westwell, Dr. Allen Pope, and Mr. Richard
Carr.

TABLE

OF

CONTENTS

Page
I. Introduction........................................

1

II. Experimental Data................................................................................
A.

Spectrophotometric Method

B,

Manometric Method .. ..............................................

...... ...........................

III. Summary and Conclusion...................................

6
8

18
29

A.

Spectrophotometric Method

B.

Manometric Method . ........................................................................ 30

............................... .....

IV, Bibliography .... .................................................................................. .... .

29

33

LIST

OF

GRAPHS
Page

I.

II.

Spectrophotometric Method

11

Na Succinate

System A . . ..........................

Na Succinate

SystemB............................................................................... 12

Na Succinate

SystemC.....................................................

13

Na Malate

System A ...................................................................

16

Na Malate

System B

. .......................................

........ 17

Manometric Method
Na Succinate System
Normal ............. ............................................ 21
Na Succinate System
15 mg. 10% DDT homogenate............................................................. 22
Na Succinate System
25 mg. 10% DDT homogenate ..............................................................23

Na Succinate System
35 mg. 10% DDT homogenate...................... .... .................................. 24
Alpha-ketoglutarate System
Normal....................................................................................... ....

25

Alpha-ketoglutarate System
15 mg. 10% DDT homogenate............................................................. 26
Alpha-ketoglutarate System
25 mg. 10% DDT homogenate . ......................................................... 27
Alpha-ketoglutarate System
35 mg. 10% DDT homogenate...................... ...................................... 28

INTRODUCTION

Much controversy has arisen in the 1950’s and 196O’s over

insecticides and their effect on soil, plants, and creatures of the
earth.

This controversy, brought to the attention of the general

public by Rachel Carson’s Silent Spring, prompted an interest in

this area as a topic for further experimentation.
DDi was chosen as the specific object of Inauiry, since it is

probably the best known and most widely used of the insecticides.
The purpose was to find the effect, if any, of DDT on carbohydrate

metabolic processes of rats.
Specific enzymatic reactions in the Krebs cycle were selected

for study. Heart and liver tissue were the sources for the enzyme.
Both spectrophotometric and manometric techniques were employed for
following these reactions, as these methods are rather standard for

measurement of enzyme activity,

insecticides are divided ?.nto two main classes:

l) the organic

phosphorus insecticides, such as malathion and parathion; and 2) the
chlorinated hydrocarbons, such as chlordane and DDT,

DDT (dichloro-diphenyl-trichloroethane) was first synthisized
in 1874 by a German chemist.

However, it was not until 1939 that
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its properties as an insecticide were discovered by Paul Miller, a
Swiss scientist who subsequently won the Nobel Prize.

DDT in powder

form is not readily absorbed through the skin as it is when dissolved

It is insoluble in water, but readily soluble in

in oil solvents.
organic solvents.

Approximately 4% to 10% of the substance is soluble

in petroleum solvents and 1.5% is soluble in 95% ethanol.

Consequently,

it is presumably stored in the organs rich in fatty substances, such
as the adrenals, testes, thyroid, liver, and kidneys.

DDT has three isomeric forms:

Cl-C
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p - p’ isomer m.p. 108.5° - 109°C
Comprises 70% of commercial DDT
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o - p’ isomer m.p. 74.0 - 74.5°C
Comprises 10 - 15% of commercial DDT

o - or isomer m.p. 92° - 93°C
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Specifications for the technical grade of DDT call for a setting

point of 89° G.

The p - p’ isomer is the primary toxicant implied by-

ref erence to DDT,

There are conflicting theories concerning the mechanism of DDT:
one put forth by Langer in 1944, one by Martin and Wain in the same

year, and another by Campbell and West in 1945.
Laugher states that the trichloromethyl (chloroform) part of the

molecule confers upon DDT the lipid solubility postulated as a require

ment to bring about penetration to the site of action.

The p - chloro-

ohenyl groups linked to the carbon is felt to constitute the toxic

component of the molecule.
Martin and Wain take the opposite view.

The p - chlorophenyl

groupings are felt to be responsible for the lipoid solubility and
the trichloromethyl portion of the molecule furnishes the toxicity.
In support of this theory, it is noted that toxicity is in direct
proportion to the amount of HC1 liberated by dehydrogenation at vital

centers of the organism,
Shepard1 favors the latter theory, since the o - pf isomer (which

is least toxic liberates HC1 only 1/67 as fast as does the p - p*

isomer (which is the most toxic).

Some evidence refutes this, how-

1. Harold H. Shepard, The Chemistry and Action of Insecticides
(New York: McGraw - Hill Co., 1951), P« 307.
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ever, since many compounds liberate HG1 without being insecticidal.
There is also some doubt about the importance of rate as opposed to

amount of HC1 liberated.
Both Laugher and Martin and Wains' theories depend on the Overton

Meyer theory relating lipoid solubility, oil/water distribution coef
ficient, and physiological activity.

Campbell and West expressed another theory in 1945.
states the HC1 liberation may be a secondary effect only.

Their theory

The HC1

provides an alteration in the electromagnetic nature of the group
from which it is evolved.

It has been found that three alpha chlorine

atoms are necessary in order to confer maximum toxicity.

These atoms

give the required steric orientation for toxicity which reaches a

maximum when the remaining chlorine atoms are in the para position.

This explains the increased toxicity of the p - p’ isomer over the
o - p’ isomer.
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EXPERIMENTAL

To follow the carbohydrate metabolic processes, liver and heart

homogenates were used as sources for the enzymes.
liver homogenates:

Three systems used

l) Na Succinate (spectrophotometric method); 2) Na

Malate (spectrophotometric method); and 3) alpha-ketoglutarate (manometric
method).

One system used heart homogenate:

Na Succinate (manometric

method).
All rats used were females, taken from the same cage.

They were

sacrificed by decapitation, bled for one minute; the liver and heart

were excised.

Homogenates were prepared in the following manner:

The liver was excised, rinsed with distilled water, and cut into

small pieces.

These were immediately placed in a 0.2$ M sucrose /

0.001 M EDTA solution (4 ml./gram of tissue) kept at 0° - 4° C,

The

tissue was homoginized for three to four minutes using a Potter-Elvejhem

homoginizer, model S63.

This homogenate was then centrifuged in a

refrigerated Lourdes ultracentrifuge, model AX for fifteen minutes

at 9,000 x g.

The yield was approximately 30 ml. of 10$ homogenate,

Similarly, the heart was excised, homogenated, and centrifuged.
However, a 0.02 M K phosphate / 0.001 M EDTA solution was used for
the homogenate (4 nil. / gram of tissue).

6 ml. of 10$ homogenate.

The yield was approximately

These two procedures follow rather closely

the systems suggested by Clark.

2

The solutions, tissue, and homogen-

2. John M. Clark (ed»), Experimental Biochemistry (San Francisco:
W, H. Freeman and Co., 1964) pp. 158, 166.
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izing equipment were kept in an ice bath.

The solutions used nere

as well as in the various systems were made with sterile de-mineralized water.
Two approaches in technique were employed:

and manometric.

spectrophotometric

The spectrophotometer used was the Beckman Model DU-2.

The apparatus for the manometric work was the standard Warburg respir

ometer, manufactured by Gilson Medical Electronics.3
For the spectrophotometric work, freshly prepared homogenate
was used.

Manometric work was done with frozen homogenates.

These

were frozen for approximately the same length of time, seven to ten days.
This freezing must be taken into account in the interpretation of

results,1*
Miner's 10$ DDT dusV was used in the experiment (10.0$ DDT,

90.0$ inert ingredients).

This was favored over a petroleum solution

since the effect of the solvent on the speciman (rat) was considered
deliterious.

A suspension of 15 mg., 25 mg., and 35 mg. of 10$ DDT

dust in 2 ml. distilled water was force-fed to rats weighing 320 g.,
310 g., and

3.

320 g, respectively.

The control rat weighed 310g.

Gilson Medical Electronics, Middleton, Wisconsin.

4. Freezing of homogenates has been shown to reduce enzyme activity
in some instances. Also, some shifting in percentages of isomeric
forms sometimes takes place.

5.

Purchased at State nursery, Helena, Montana
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Livers ranged in weight from 7.5 to 9.1 g.; hearts ranged from 1,1

to 1.5 g.

Each rat was sacrificed 21+ hours after feeding.

taken to make certain the rat retained the suspension.

Care was

To aid in

this, the rats were not given water for 21+ hours before the feeding.

Spectrophotometric Systems

Two reactions from the Krebs cycle^1 were chosen to oe used with
the liver homogenates:

one using Na Succinate as a substrate; one

using Na Malate as a substrate.
a wavelength of 550

system.

cuvettes.

From previous work by the author,

proved to be optimal for a cytochrome - C

All systems used a distilled water blank and Beckman Pyrex

Total volume in each cuvette was 3.0 ml.

The first two systems for Na Succinate are shown below.

These

proved to be inadequate as no activity was shown on the control cuvettes

Na Succinate

System I

The 10% homogenate was diluted:

0.2 ml. homogenate in 3.8 ml.

of a 0.2 M Na Succinate solution in 0.17 K phosphate buffer.

Cyto

chrome - C used was 97% assay,7

6. Na Succinate, Na Malate, and alpha-ketoglutorate were chosen
as substrates. These provided the starting points for the reactions,
but the reactions were not limited. They continued on through the
cycle, and were not stopped at any particular point. There was more
concern for the rate of reaction, not for the particular product or
end-point. Thus, no formal reactions are given here.

7. Sigma, lot 36-B-7662
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0.1 ml. dilute homogenate
0.1 ml. KGN, 0.2 M
0.5 ml. cytochrome C, 5 x IO-' M

2.3 ml. sterile water

Na Succinate

System II

0.1 ml. 10% homogenate (undiluted)
0.5 ml. Na Succinate, 0.2 M in 0.17 M buffer
0.1 ml. KCN, 0.2 M

0.5 ml. cytochrome C, 5 x 10“^ M

1.8 ml. sterile water
Revision was necessary.

active.

The third Na Succinate system proved

Three different homogenate concentrations were used.

Na Succinate

System III

The homogenate was diluted 0.4 ml. in 3.6 ml. of a 0.2 K Na Sue

cinate solution in 0.17 K phosphate buffer.
A)

0.2 ml. homogenate, diluted
0.1 ml. KGN, 0.2 M

0.5 ml. cytochrome C, 5 x 10”^ M
2.2 ml. sterile water
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B)

0.4 nil. homogenate, diluted
0.1 ml. ECN, 0.2 K

0.5 ml. cytochrome C, 5 x 10” M
2.0 ml. sterile water
C)

0.6 ml. homogenate, diluted
0.1 ml. KCN, 0.2 M

0.5 ml. cytochrome C, 5 x 10“

M

1.8 ml. sterile water
These three systems showed activity, as

evidenced by graphs

on pages 11 - 13.

Na Malate System
The first three Na Malate systems tried are listed below.

These

proved to be inactive in the control cuvettes, and the system was

revised.

All systems used a distilled water blank.

Systems I and II used

a wavelength of 340 nyt (literature value), and silica cuvettes.
volume of the cuvettes was 3.0 ml.

Na Malate

System I

The 10% homogenate was diluted 0.2 ml to 3.3 ml. of 0.2 K Na

Malate in 0.17 M phosphate buffer

Total

<A

oCt

SPEIDEL a CO., INC., FERNWOOD, PENNA.
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0.1 ml. homogenate, diluted

0.1 ml. NAD*, 2.5 mg. / ml. H20 8
2.3 ml. sterile water

Na Malate

System II

0.1 ml. homogenate, undiluted

0.5 ml. Na Malate, 0.2 K in 0.17 M buffer

£?LlEGEOBRARV

0.1 ml. NAD*, 2.5 mg. / nl. H20
2.3 ml. 0.17 M phosphate buffer

J

L

Na Malate

:•
£

System III

Na Glutarate, 0.5 M, was added to the system to inactivate the
inhibitor oxalacetate, which is produced during the reaction.^

chrome C was also introduced into the system.

Gyto

Since this addition

changed the reaction to the visible range, a wavelength of 550 rn^
was used.

Cuvettes were changed to Beckman Pyrex.
0.3 ml. cytochrome - C, 10“^ M
0.3 ml. Na Malate, 0.2 M

0.3 ml. Na Glutarate, 0.5 M

0.2 ml. homogenate, 1:1 diluted with water

1.0 ml. 0.17 M phosphate buffer
0.7 ml. sterile water

0.2 ml. NAD4", 2.5 mg. / ml. H20* 9

3.

Sigma, lot 933-7620

9,

Benjamin Harrow and Abraham Mazur, Textbook of Biochemistry
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It was the fourth system which showed activity.

Two levels of

homogenate were then used.

Na Malate

System IV

The 10% homogenate was diluted 0.4 ml. homogenate to 3.6 ml. of

sterile water.

A)

0.3 ml. Na Glutarate, 0.5 M

0.3 ml. Na Malate, 0,2 M
0.3 ml. cytochrome - C, 10“^ K

0.2 ml. homogenate, diluted
0.1 ml. NAD*, 2,5 mg. / ml. H20

B)

0.3 ml. Na Malate, 0.2 M
0.3 ml. Na Glutarate, 0.5 M
0.3 ml. cytochrome C, 10“^ M

0.4 ml. homogenate, diluted
0.1 ml. NAD*, 2.5 mg. / ml. H20

1.6 ml. sterile water

Activity resulting from these two systems are recorded on graphs,

pages 16 and 17.

ZZ
m

5
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m
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SPEIDEL a CO., INC., FERNWOOD, PENNA.
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Manometric Work
a) Na Succinate

Two reactions were employed for this method:

as a substrate, using heart homogenate; b) alpha-ketoglutarate as a

substrate, using liver homogenate.

Homogenates were prepared as

previously stated.
The Warburg vessels were cleaned and dried for 2 hours at 110° C

Anhydrous lanolin was used to grease the center well, which contained

20$ KOH.10 11The
12 substrate was placed in the side arm.
were based on the 150 mm. level.

All readings

Undiluted 10$ homogenate was used.

Total volume of reactants in the vessel was 3.0 ml.
11
followed Packer.

The Procedure

Flask constants were evaluated from the following standard
formula:
12

273

K=

_VA. _________
Po

PQ = 10,000
V,r = total volume of flask
S

10.

Vf = volume of reactants
- Bunsen Solubility
Coefficient (0.0237)

KOH is used to absorb any CO2 produced during the reaction.

11. Lester Packer, Experiments in Cell Physiology (New York:
Academic Press, 1967) p. 162.
12. W. W, Umbreit, et al, Manometric Techniques (Minneapolis:
Burgess Publishing Co., 1957) p. 4.
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Flask

K

Al

1,462

A5

1.341

A6

1.455

A10

1.463

All

1.396

Na Succinate System

Na Succinate, 0.5 M

T.B.(Flask ) a:l13
(All)
—
0.3 ml.

0.3 ml.

Sterile water

2.8 ml.

1.1 ml.

1.5 ml.

Cytochrome C, 10“^ M

—

0.4 ml.

Homogenate, 10%

—

1.0 ml.

0.2 ml.

0.2 ml.

KOH, 20%

A5

Ai6

A10
0.3 ml

1.4 ml.

0.6 ml

0.4 ml.

0.4 ml,

1.0 ml.

1.0 ml.

1.5 ml,

0.2 ml.

0.2 ml.

0.2 ml,

A twenty-five minute equilibration was employed before the side-

arm was tipped.

The reaction then ran for 70 minutes.

was kept constant at 37° 0.

Temperature

This system was run on the control, the

15 mg. 10% DDT homogenate, the 25 mg. 10% DDT homogenate, ani the 35
mg. 10%. DDT homogenate.

13. A duplicate run of flask Al was made using flask A4. How
ever, there proved to be a mechanical defect in this flask, so the re
sults are not recorded. This is also true for the alpha-ketoglutarate
system.
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Activity of the Na Succinate System is recorded on pages 21 - 2l+t‘+
The same general procedure used above was employed for the alpha-

ketoglutarate system.

alpha-ketoglutarate

Sterile water
Cytochrome C, 10“^ M

m n <r±ask)
(All)

Al

A5

A6

—

0,3 ml.

0.3 ml.

—

0.3 ml

2.8 ml.

0.9 ml.

1.3 ml.

1.2 ml.

0.4 ml

_—

0,4 ml.

—

0.4 ml.

0.4 ml

0.2 ml.

0.2 ml.

0.2 ml.

0.2 ml

—

1.0 ml.

1.0 ml.

1.0 ml.

1.5 ml

0.2 ml.

0.2 ml.

0.2 ml.

0.2 ml.

0.2 ml

Phosphate buffer, 0.17 M
Homogenate, 10$

KOH, 20$

A10

Activity recorded in this system can be seen on pages 25 - 28.

14. Oxygen uptake for both systems was calculated by the total
uptake method rather than the interval uptake method. For explanation,
see w. W. Umbreit, manometric Methods, p. 8.
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SUMMARY AND CONCLUSION
In the research of the carbohydrate metabolism of the liver and
treated with DDT, some general comments can be made.

Spectrophotometric
In the Na Succinate System used, there seems to be a general
increase in enzyme activity as the dosage of DDT was increased.

The rat which ingested the 15 mg. 10% DDT showed a decrease in
activity, but the rats which ingested 25 mg. and 35 mg. 10% DDT showed

slight or moderate increase in activity over the control liver homo
genate.

This increase was more evident as the homogenate concentration

was increased.

In the Na Malate system, this same general trend held true.

The

most evident increase in activity occured in the rat which ingested

35 rag. 10% DDT.

Again, increases in activity became more apparent

as the homogenate concentration was increased.

It is believed that DDT is laid down in the lipid tissue.

It

would be difficult to theorize why there should be an increase in

carbohydrate metabolism under these conditions.

A suggestion might

be that lipid metabolism is decreased when DDT is ingested.

A search

of the recent literature on lipid metabolism, when much work is being

done at present, might bear this out.

In that case, a slight enhance-

30

merit of carbohydrate metabolism could be understood.

Nearly all

animal energy comes from the oxidation of carbohydrates and fats.

Their metabolic pathways are closely interrelated.

Thus, if there is

some breakdown in the lipoid metabolic process, the carbohydrate process

could be forced to increase its activity to provide the energy needed.
Increased activity was noted in the succinate ard malate systems, both
of which are aerobic.

Such an increase would tend to stabilize oxygen

consumption,

Warburg Respirometer

Results from the Warburg were rather erratic,but general

trends again can be seen.

In the Na Succinate system, analogous to the spectrophotometric
work, treatment with DDT increased Og uptake.

This was most evident

in the 35 mg. 10% DDT heart homogenate, where the readings actually

went off the scale.

This would indicate increased carbohydrate met

abolism which confirms the previous statement.

An interesting point

to note here is that the flask containing no cytochrome - C showed
almost as much or more activity as the flasks with cytochrome - G.

17

15. Energy is provided in the form of ATP (adenosine Triphos
phate). Carbohydrates have a central role in the production of this
compound.
16. This erratic behavior is due to many factors, the most im
portant of which is pressure. Experiments done on cloudy or stormy
days showed the greatest variation.
17. It is possible that the cytochrome - G level contained in
the homogenate itself was sufficient, and additional enzyme was not
required.

15
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The alpha-ketoglutarate system showed a completely different

In this system, there was a definite decrease in activity

aspect.

from the normal homogenate.

The 25 mg. 10% DDT homogenate showed

an increase over the 15 mg. 10% DDT, however.

Again, lack of cyto

chrome - G did not appear to inhibit the system.

Another interesting

note is the tremendous activity of flask A1 in the 35 mg. 10% DDT

homogenate.

This activity does not appear to follow the general

pattern.
The previous suggestion was that carbohydrate metabolism is
somewhat increased when DDT is administered because lipid metabolism

is decreased.

We note here that a decrease in oxygen consumption

at the alpha-ketoglutarate site might be expected, and might give

additional confirmation of this theory.
The principle point of entrance to the aerobic system (Krebs'
Cycle) from lipid metabolism is indeed at the acetyl Co A-to-citrate

site.

However, a significant amount does enter at the alpha-keto

glutarate site.

The general decrease in activity of the alpha-

ketoglutarate reactiont therefore, might possibly be due to a depressed
level of intake from lipid breakdown in the sacrificed animal.

The

alpha-ketoglutarate-to-Succinyl Co A reaction depends somewhat on

the material shunted into that site from the lipid metabolic process.
Any decrease in lipid material could be evidenced by reduced activity,
of the alpha-ketoglutarate reaction.

Again, the interrelationship

of carbohydrate and lipid metabolic processes can be seen.

32
It would be interesting to develop and continue this study to

see if this suggestion really has a firmer foundation.

Other reac

tions is tte Krebs cycle could be chosen for further study, as well
as reactions in the glycolytic pathway,

A study of the lipid meta

bolic process might also prove to be valuable.
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