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ABSTRACT

.The C57BL/KsJ-db/db mouse,'a genetic model of experi-
mental diabetes mellitus, was used to evaluate two drugs,
Bristol Myers MJ 12880-1 and 2;tetradecylg1ycidate (TDGA or’
McN-3802) -- an inhibitor of long chain fatty acid oxidation.
The studies in these diabetic mice were primarily concerned
with lipid metabolism, and measurement of free fatty acids
(FFAs) and triglycerides (TGs) in tissues and plasma.

Bristol Myers MJ 12880-1 was an- ineffective hypo-
glycemic agent and had no effect on plasma FFAs. MJ 12880-1
exacerbated the diabetic metabolism of the db/ab mice aged
2-3 months and 5—6.months.

| ‘The hearts of db/db~mice‘orally treated with TDGA at
5, 10 and 25 mg/kg/day for 12 weeks showed no significant
differences in their TG content as compared to untreated
db/db and non-diabetic mice. However, the’cefdiac FFA
content of the 10 mg/kg/day treated db/db mice was
significantly higher than the‘untreated db/db mice.

The tissues of the TDGA study were stored for 7-14
months at -70°C until analysis; the lipids may have hydro-
lysed. The study should .be repeated using a method of
quickly freezing the tissues at dry ice temperature (-78.5°
C) and then rapidly extracting the lipids before hydrolysis
can occur. |

ix



- INTRODUCTION

Diabetes Mellitus

Diabefes mellitus is a common health problem in the
Unifed States. In 1979, diabetes mellitus was the
attributed cause of death in 33,060 or 15/100;000 Americans
according to the National Center fdrAHealth Statistics.
Death usually results from the vaséular complications
arising from the disease.

Throughout the centuries, physicians have recognized
that‘the clinical picture, course and severity of diabetes
mellitus follows two general patternsél a juvenile onset,
ketosis—prone type of diabetes and a less severe, maturity-
onset, 6besity;re1ated, ketosis resistant diabetes (Skyler
and Cahill, 1981). The National Diabetes Data Group (1979)
classified diabetes mellitus and other categories of glucose
intolerance based on contemporary knowledge of this
heterogenoué disorder. Juvenile onset diabetes and maturity
onset diabetes have been labeled insulin-dependent diébetes
mellitus (IDDM) and noninsulin-dependént diébeteé mellitus:
(NIDDM), respectively. Other.types have been recognized,
and include secondary diébetés mellitus related to pancreatic
disease (pancreatifis, surgical pancreatectomy), ofher
hoggonal disturbances (Cushing's disease, acromegaly,
hyper;hyroidism), insulin receptor abnormalities and certain

1
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rare genetic syndromes and other types [Lilly (Eli) Research
Company, 1980; National Diabetes Data Group, 1979; Rotter
and Rimoin, 19817. |

| Insulin dependent diabetes mellitus or Type I
diabetes usually begins before 35 years of age, often in
childhood or.adolescehce. The onsét_is rapid with almost
complete failure of pancreatic islet function and insulin
secretion leading to a-state'of insulin dependéncy. During
the initial onset, islet cell antibodies are freduently
present in the circuiation,' The Oral'hypoglycemic drugs are
rarely effective for Type I diabetes, and exogenous inéulin
therapy is necessary to prevent déath. Hyperlipidemia occurs
frequently and ketoacidosis only occufs in insulin dependent
diabetics.

Noninsulin dependent diabetes mellitus or Type II
diabetes is divided into two subtypes: nonobese and obese.
About 60-907 of the Type II diabetic individuals are obese
(National Diabetes Data Group, 1979). Type II diabetesi
rgsults from a defective insulin secretion to a'given‘glucose
signal and a state of reiative insulin deficiency results.
Histologically, the pancreatic islet cell 'appears essentially
normal, aﬁd plasma insulin levels are normal or elevated.

The elevated plasma insulin levels are associated to a
decreased number of insulin réceptors or a defect in insulin
binding to cells, thus causing insulin resistance (Gepts and

Lecompte, 1981; Rizza, Mandarino and Gerich, 1981). Type 1T
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diabetes often occurs after 35 years of age (Kryston; 1981).
Diet and weight control can usually maintain metabolic
.control adequately. Oral hypoglycemic drugs including
sulphonylureas act by stimulating pancreatic islet Cells to
secréte endogenous insulin, promoting growth'of’beta cells
’and increasing receptor numbers [Skillman aﬁd Feldman, 1981;
Lilly (E1li) Reéearch Company, 1980]. Insulin is sometimes
requi;ed to correct hyperglyéemia»which méy‘develoé under
conditions of stress and infection. Cholesterol and tri-
glyceride levels are frequently elevated and relatéd to
obesity. Cérbohydrate induced hypertriglyceridemia is
coﬁmonly obéerved tLilly (E1li) Research Company, 1980].

Glucose is a potent stimulus for insulin secretion.
There are two separate phases of insulin secretion. The
first phase involves the rapid release of small labile
stores of insulin from their granules into blood circula-
tion. The second phase results in gradually iﬁcreasing
levels of insulinrsecretion. In Type II diabetes, ﬁhe early
phase of insulin secretion following stimulation of the beta
cell by glucose appears to be impaired as suggested by-the
characteristic delay of insulin secretion. 1In Type I
- diabetes, insulin secrétion is-often totally absent indicating
complete beta cell failure.

The uptake and utilizatioﬁ of glucose is impaired in

states of insulin deficiency. In addition glucose enhanced
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gluconeogenesis from glycoggn, lactate, pyruvate, amino acids
and glycerol results from decreased insulin activity. Thus,
'the hyperglycemia of insulin results from both a diminished
glucose utilization and an increased gluconeogenesis.

Insulin deficiency also causes alterations in protein
and fat metabolism. Proteins are catabolized to amino acids,
which in turn act as an additional.substrate for'glucose'
production. In a situation when intracellular glucose is
unavailable for energy, the body incréésingly_reliesron fat
as an energy source. The fatty acids are oxidized to two
carbon fragments and acetyl CoA wﬁich allows for ATP pro-
duction (Wakil, 1970). If lipolysis occurs at an incfeased
.rafe exceeding thé capacity for free fatty acid utilization,
large amounts of ketone bodies, beta-hydroxybutyrate, acetone
and acetoacetate, are produced. Furthermore, the ketone
bodies impair glucose utilization and contribute excessive
amounts of metabolic acids to the circulation causing

metabolic acidosis.

Experimental Models of Diabetes Mellitus

Several animal models of diabetes mellitus have
received extensive study,' The most common is that induced
in rats by streptozocin, which results in pancreatic beta

- cell necrosis and insulinopenia (Mordes and Rossini, 1981);

In 1966, diabetés occurred as a mutation in an

inbred mouse strain C57BLKsJ (Hummel, Dickie and Coleman,



1966). The mutation which caused diabetes was inherited as
a single.autosdmal recessive gene with complete penetrance
on chromosbme 4,rlinkage group VIII. Animals homozygous

for the diabetic gene (db/db) exhibited hyperphagia.and
obesity with increased fat deposition in axillary and
inguinal regions at about 3~-4 weeks of age, in aésociation
witﬁ prbgressive'hyperglyggmia after 6-8 weeks.

| The diabétic mice are infertile and result from the
rbreeding of'animals.heterozygous'for.the diébetiC'gene
(dB/+). " Breeding of the heteroéygdus_BL/KsJ—db/+ mice
resultsvin three types of littermates in the C57BL/KSJ o
inbred mouse strain which»can be identifded by.coat color
and body build (Herberg and Coleman, 1977; Coleman, 1978).
The normal heterozygotes (db/+) uséd for breeding are thin
and black. The normal‘homozygoqs misty (+/+) mice are thin
and gray. The diabetic (db/db) micefare black and fat.
| | Two étages of the diabetes syndrome are recognized in
the diabetic mice (Herberg and Coleman, 1977; Coleman, 1978).
Coleman and Hummel (1974) found the diabetic mice to be ;
hyperinsulinemic as early as 10 days of -age. The diabetic
mice rapidly accumulates fat at 3-4 weeks of age (Hummel,
Dickie and Coleman,’1966).. Subsequently, hyperglycemia,
polyuria and glycosuria follow. The diabetic ﬁice remain
hyperinsuliﬁemic until 3-4 months of age, while they gain

weight. At about 4 months of age the diabetic mice stop



gaining weight and insulin secretion decreases} Diabetic
mice lose about one-third of.their body weight befﬁeen
4.5-9 months of age (Wyse and Dulin, 1970). Mice with
genetic diaBetes are more prone to succumb to the diseaée

: and often die beforello months of age. Thé~éymptoms of .
hyperinsuliﬁemia and obesity exhibited by the‘diabétic-mice
suggeSt a developing pattern similar to human Type_II
diabetes (Coleman, 1978). |

Steinmetz, Lowry and Yen (1969) were the firét oﬁes
to investigate FFA release from the adipose tissue Gf_'
diabetic mice, 3-5 months of age. They found that the basal
lipolysis rates of adipose'tissue’ig vitro were similar in
the diabetic and normal heterozygous mice. However, the
plasma free fatty aclid levels of the diabetic mice were
about 1.5 times normal heterozygous mice.

The cétecholamines, norepinephrine and epinephriné,
and ACTH stimulate FFA mobilization. They act on adenyl
éyclase, and.thereby'raise-the intracellular level of cyclic
adenosine-3',5'-monophosphate (c-AMP). The free fatty acid
mobilization of the'epididjmal adipose tissue_from the
diabetic mice exposed to -epinephrine, norepinephrine,:iso—
proterenol and corticotroﬁin were slightly decreased from
controls (Steinmetz, Lowry and Yen, ;969). In comparison to
_the.normal mice, the diabetic mice also showed a Sligﬁtly
lower lipolytic response to theophylline. Theophyiline

stimulates lipolysis by inhibiting phosphodiesterase,frdm
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catalyziﬁg the conversion of cfAMP to 5'-AMP. However, the
incubations of édipose tissue with dibutyryl c-AMP stimﬁlated
lipolysis in normal and diabetic mice to the same degfee. |
Dibutyryl c-AMP is lipolytically active and more permeable
to-thevcell membrane than c¢-AMP. From the above data,
Steinmetz, Lowry and Yen 61969) concluded that the lipolysis
system of the diabetic mice‘is_défective; Furthermore,
adenyl cyclase and lipase were implicated as causing the
decreased fatty écid_mobiliZation from the adipose tissue.

Allan and Yen (1976) studied the effects of iso-
" proterenol on lipolysis. At the peak response of about 6-7.
minutes after subcutaneous administration of isoprotérenol,
the plasma free fatty acids (FFAs) were similar in diabetic
and control mice. However, after peak response time, the
plasma FFA lévels were higher in the diabetic mice than the
Vnormal micé.‘ The slow fall in plasma FFA was postulated to
result from the following: |
1) a prolonged response due to inéreased aeposits:of
sUEstrate triglyceride; |
2) a longer reéponse because of the slower degradation
of isoproterenol in thelarge mass of adipose tissue;
'3) a slower release Ef FFA from the larger adipose
tissue mass; and/or

4) a slower clearance of FFA from the plasma.



The clearance of FFAs from the plasma‘depends on the FFA
,_oxidation rates in various tissueé as.&ell as the FFA
re;esterification rate iﬁ fhé liver and adipose tissue.
‘Alian and Yen (19765 further observed that pfopranolol; a
beta adrenergic blocker with anti-lipolytic properties,
’blocked'most of the response by the db/db and nofmal»mice
to isoprotefenol, when administered 30-40 minutes prior ta
isoproterenol. | | | 7. o
Triglycefides accountrfor about 50;56% of ﬁhe
diabetic mouse'é body weight (Yen et al., 1976; Allan and
~Yen, 1976), but the blood volume of an obese mouse is not
increased in proportion to its weight. Theoretically, if
the diabetic mice responded normally to:a lipolytic agent,
the plasma FFA level of tﬁe diabetic mice would be
approximately sixfold greater than normél. Allaﬁ and Yen
‘(19765 assumed that the slower decay of plaéma FFAiiﬁ the
diabetic mice was a result of the increased trigljceride
~deposit and was not caused by a decreased clearance rate of
the FFA from the plasma. Furthermore, Allan and Yen (1976);;
estimated that the plasma FFA level in‘ﬁhe db/db mice was |
dnly 1.5 times that of norﬁal mice. Frbm the 13 2129
lipolysis study by Allan and Yen (1976) and in vitro
lipolysis studies by Steinmetz, Lowry and Yen (1969), Yen
and Steinmetz (1972), and Kupiecki and Adams (1974),Va -
_qﬁantitative deficiency in lipolysis was implicated in the

diabetic mice.



Yen . et al. (1976) investigated the triacylglycerol
 c6ntent and in vivo lipogenesis rates of the’livef and

cércass in'diabetic and normal mice befofe and after the .
diébgtiCS'accumulated fat deposits. The carcass and liver
triacylglycerol content was twofold greater at 14 weeks of
age when compared to tﬁat of a diabetic mouse'at-S weeks of
age. In young'diabetic mice, thé carcass exhibited high
rates of lipogenesis which decreased to normal in oider mice
when their weight gain had stabilized. »Tﬁerliver of tﬁe
diabetic mice had high 1ipbgenesis rates at 5 and 14 Weéks of
age. The initial increase in the accumulationrof liver
triacylglycerols occurred at 7-8 weeks of age'(Chan and
Exton, 1977), and remained elevated in the diabetic mice.
Hepatic'triacylg1YCerols in tﬁe diabetic mice at 5 and 8
weeks of age exhibited a wide range (Chan and Exton, 1977;
Chan et ali, 1975).

Chan et al. (1975) found the free fatty acid levels
in serum wére about 3 times normal in db/db miée at 8 weeks
of age. Steimmetz, Lowry and Yen (1969) found the plasma
FFA levels of 14-20 week old diabetic mice to be 1.5-2 times
that of normalvmoﬁsex The age of the mouse, métabolic
condition at that age and the handling of the mbuse in
obtainiﬁg‘blood or tissue as well as.the method used may _
play an important role in contributing to the variation of
“free fatty acid in plasma or serum and hepatic.triacylglycerol

levelé.'
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" Experimental Drugs

The two drugs inveétigated'in‘the C57BL/KsJ-db/db
mice were Bristol Myers .MJ 12880-1 and 2-tetradecylglycidic
acid (TDGA). These drugs or related agents might be of

value in the treatment of diabetes mellitus.

BristollMyers MJ 12880-1

The following 1is é summary of recent work with the
drug, MJ 12880-1, performed on rats (communication from
Bristol Myers Labbratories)? | _ 4 V

" MJ 12880-1's effect on plasma FFA levels, lipolysis

rates aﬁd oxiaative metabolism were evaluatedvin rats.
Three groups of rats ﬁere dosed with the drug at a concentra- -
tion of 6.25, 12.5 and 25 mg/kg body Weight/day in two equal
doses for 15 days. A control group of rats was‘usedAto
establish the baseline for the plasma FFA levels and
lipolysis studies. The plasma FFA levels of all three groups
of drug treated rats were significantly elevated from control
rats. |

The lipolysis studies involved a basal incubation
of epididymal fat pads from éontrol and drug treated rats
and the addition of»dimethylformimide, nofepiﬁephrine and
theophylline to the incubation medium. Norepinephrine and
theophylline are known to induce-iipolysis in norﬁal mice
(Steinmetz, Lowry and Yen, 1969). The basal intubationsvof

epididymal fat pads from the three dosed groups of rats
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showed a significént increéée~in lipolysis-rétés from the |
control rats."The addition of dimethflformimide to the
incubafions of epididymal fat pads»resulféd.in a slower
lipolysis rate for the rats treated with drug at 12.5-and
25 mg/kg body weight/day. The addition of norepinephrine
or thebphylline to the incubation medium decreased the amount
of FFA mobilized from the epididymal pads of 25 mg/kg/daj-'
drug treated ratsf ' |

' BrainAhbmogenates and liver slicés from the tﬁ?ee -
groups of dosed rats wefe uséd injthe metabolic oxidation
studies. Hepatic oxidétion of acetqécetaﬁé was elévated in
all three groups of dosed rats. HoWever, glucose oxidation
and palmitate oxidétion by the liver decreased or remained
the'same. Acetoacetate oxidation by the brain decreased or
stayed the same for rats treated with 12.5 and 25 mg/kg/day
‘of drug. Palmitate oxidation was decreased or remained the
same in brains frdmvrats-treated ét 6.25 mg/kg/day with
MJ 12880-1; Glucose oxidation by the bfaiﬁ decreased for
all 3 dosed groups of rats. Fufther studies on MJ 1288041-
‘were required .to conclude the drug's effect on indative-

metabolism. N

' 2-Tetradecylglycidate (TDGA) .-
The common chemical name of the compound developed

‘_vby McNeil Laboratories and identified as McN-3802 is

2-tetradecylglycidate (TDGA). The structure is shown in
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Figure 1. This agent and'its methyl ester (McN-3716) which
is rapidly converted to the’free acid in thé body are- '
inhibitors of long chain fatt§ acid oﬁidation that act by
inhibiting car-itine palmitoyl transferase (Tutwiler-and:
Dellevigne, 1979). TDGA and its methyl ester differ
structurally and mecﬁanistically from the two oral.hypo-l
glycemic drﬁg classes marketed, sulfonyiuréas and biguanides

(Tutwiler et al., 1978).

Figure 1. The Structure of 2;Tetradecylglycidate
(TDGA or McN-3802)--Specific Inhibitor of
Long Chain Fatty Acid Oxidation.

Randle ét al. (1963,1966) has -shown that in states
of increased lipid oxidation, the products of fatty acid
oxidation depress glucose utilization and stimulatevhepatic-
gluconeogenesis. Randle's glucose-fatty aéidrcycle
hypothesis states that glucose and fatty acid méﬁabolism in
muscle and adipose tissue interact in a éyéle. 'Therefore;
each controls the other's release into the blood and théir
utilization. Randle et al. (1963,1966) further suggested

that excessive free fatty acid metabolism may be a key
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factor underlying thebdecreased glucoge tblerance in
diabetes mellitus. .

As predicted by thetRandle hypothesis, drugs like
TDGA and its methyl ester that decreased fatty acid oxida-
tion resulted in lowered'glucoée concentrations, in
situations where fatty acids are utilized as the major energy
subsfrates, such as fasting,.diabetes and high fat diets
(Tutﬁiler,.Mohrbacher and Ho, 1978).. However, TDGA and its
methyl ester did not lower glucosevconcentratidns in.,
conditions Where‘cafbohydrates wére the main energy source.
The study of specific inhibitors of fatty acid oxidation
could increase our understanding of the role played by
excessive fatty acid oxidation in diabetes and other diseases.

Free fatty acids are the major respiratory fuei for
the fully aerobic mammalian heart. Free fatty acids are
.detriméntal to a cémpromised hearti Pearce et él.‘(l979)
summarized'the‘proposed mechanisms éf‘the;FFA's effect on the
heart in hypoxic conditions:

1) high intracellular levels of FFAs may bind intra-
cellular caicium and limit the calcium required by
the myofibrils; |

2) increased fatty-acyl CoA Iévels may inhibit»the
adenine nucléotide tranleCatof éﬁdithereby lower == .-

ATP,avaiiability’to‘the musClé'fibers;
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3) ATP availability can be decreased by free fatty acid
_uncoupling oxidétiveAphosphorylation; and |
4) the fatty acid may-increase the mass of anoxic

tissue under hypoxic and ischemic conditions by

increasing oxygen demands.

The oral hypoglycemic agent, 2-tetradecylglycidic
acid, spécifically inhibits long chain fatty acid oxidation
but not short chain fatty acid oxidation in isolated rat
hepatocytes. Gluconeogéﬁesis and ketogenesis are also |
inhibited (Tutwiler and Dellevigne, 1979). TDGA also
inhibits iong‘chain fatty acid oxidation in rat hemidiaphragm
(Tutwiler, Mohrbacher‘andrHo, 1979). |

From the above data, Tutwiler and Dellevigne (1979)
suggested that TDGA inhibited an enzyme in the pathway of
fatty acid degradation prior to beta oxidation. Since the
cohcentrationS‘df TDGA or its methyl ester used to inhibit
microsomal acyi—CoA.synthetase activify were iOO times higher
than those required to inhibit palmitate oxidationm,
ketogenesis and gluconeogenesis, the long chain acyl-CoA
was obviously not the site of inhibition. Tutwiler and
Dellevigne (1979) found that long chain écyl—CoA derivatives
accumulated after adding TDGA to hepatocytes. Increased
triglyceride levels were observed in livers of McN-3716
treated rats. In the presence of TDGA, oniy palmitate'

oxidation was inhibited, while palmitoyl-L-carnitine and
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octanoate were oxidized .at normal rates. Therefore,
Tutwiler and Dellevigne (19%9) concluded the site of action
of TDGA to be carnitine acyltransferase. Furthermore,
Tutwilér and Ryzlak (1980) found evidence that TDGA or its
coenzyme A ester inhibited long chain fatty acid oxidation
by irreversibly inhibiting mitochondrial pahﬁitoyl—CoA
transferase. |

TDGA inhibits long chain fatty acid oxidation, with
resulting stimulation of glucose oxidation and lowering
plasma glucose and tissue glycogen stores. Gluconeogenesis
is diﬁinished. For this reason, TDGA might be efficacious
in treating diabeteé mellitus, a condition in which fatty

" acids are utilized as a major energy substrate.



STATEMENT OF PROBLEM

The C57BL/KsJ-db/db mouse, a strain manifesting
genetic diabetes mellitus, was employed in studies to test
two potential new treatment approaches to diabetes mellitus.
These agents,-Bristol‘Myers MJ 12880f1vand 2-tetradecyl-
glycidic acid (TDGA or McN-3802), were-studied in termsébf |
" their effects on metabolism and pathologic. changes in |
diabetic mice. |

The liferéture valugs for the liver triglyceride
levels of the diabetic mice have a wide variation. The
literature lacks information on heart triglyceride levels
and free fatty acid levels in hearts and livers from the
C57BL/KsJ diabetic (db/db), heterozygous (db/+) and misty
(+/+) mice:

The major’pufpose of this research project was to
determine the free fatty'acid pool in the hearts of the
diabetic (db/db) mice. In addition, the goals of thé_project
included the folléwing: ,

1. To evaluate the effects of Bristol Myers MJ 12880-1

-on diabetic mice in terms of: |

a. Changes in piasma long chain free fatty acids

and blood glucoseé following a single dose of

drug.

16



| 17
b. Changes in plasma long chain free fatty acids
and blood glucose following 14 days of daily
- drug administratioh.r
c. The effects of 14 days of.daily drug administra-
tion on glucose oxidation by the heart, liver.
and bfain homogenates of young diabetics (2-3- .
months old) and old diabetics (5-6 months old) .-
~d. The effects of the 14 days of drug administered
daily on palﬁitate oxidatioh‘byithe heart, liver
and brain homogenates from the_two different age
groups of diabetic mice;
To examine the free fatty acid and triglyceride
content 6f tissues kept at dry ice temperature
(-78.5°C); and
To quantitate the triglyceride and free fatty acid
levels in héteroZngus (db/+), and misty (+/+) mice
as well as the diabetic (db/db) mice, which weré_
treated or not treated with 2-tetradecylglycidate

~ (TDGA or McN-3802).



"MATERIALS AND METHODS

Chemicals and Supplies

.Chemicals and supplies were obtained from the
following sources: 'high pressufe'liquid chromatography
grade methanol, chloroform, hexane and methylene chloride
from Burdick & Jackson, Muskegeon, Mich.,.Fishef Scientific
Co.; Fair Lawn, New Jersey, Water Associate, Inc., Milford,
Mass. The following weré purchaséd frdm Supelco inc;,'
'Bellefontenga.: glyceride kit, 3 N methanolic HCL, Gas »
Chromosorb WHP 100-120 mesh and 100 microlifer.GC automatic
sampler vials. The following chemicals were obtained from
Sigma Co.,VSt. Louis, Mo.: heptadecanoate (Cl7); methyl
esters of palmitate'(Cl6), palmitoleate (Cl6:1), hepta-
decanoate (Cl7), stearate (C18), oieate-(ClS:l) and linoleate
(C18:2); 2',7'—dichlor0fluorescein; boviné serum albumin
and Trizma base. EGTA (ethylene bis(oxyethylenenitrilo)
tetradcetic acid) was obtained from Fastman Kodak Co.,

14 14

Rochester, N.Y..  The 1- C)glucose and

C-palmitate, (U-
omnifluor premixed LSC powder was bought from New England
Nuclear, Boston, Mass. The ultra hlgh purlty (UHP) nltrogen

hydrogen and air were obtalned from L1qu1d Alr Inc. 'San

Francisco, Ca.

18
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The plasma and tissue samples of heart; livef and
brain from the diabetic (db/ch), mistf (+/+) and hetero-
zygous (db/+) mice were obtained from the breeding colony
maintained at the Animal Resource Center of the University
of Arizona Medical Center. The breeding colony was
established Wiﬁh animals originally obtained from Jackson

Laboratories, Bar Harbour, Maine.

;MEthodology

~Palmitate and Glucose Oxidation

Fresh samples of heart, liver ﬁnd brain from animals
sacrificed by exsanguination were immediately placed in cold
Tris sucrose buffer on ice. Each tissue was blotted dry,
weighed,>minced on ice énd homogenized in Tris sucrose
buffer (1:10; g:mlj. These tissue homogenates were used for
the glucose oxidafion énd palmitate QXidatfon experiments.
Glucose and palmitate oxidation were perfofmedautilizing.the
methods described by Brendel and Meezan (1974). The reagents
for the experiment are listed in Table 1.

For the glucqse oxidation experiment, each éample
was analyzed in triplicate as follows, 5 mM (U-lAC)glucose
(0.05 ml) and tris sucrose buffgr (0.35 ml)'were placed in a
2 ml plastic vial. @ After the addition 0f 0.1 ml of tissue

homogenate (1:10; w/v), the vial was placed on an oxidation



20

Table 1. Methods and Materials-Formulae{'

A.

2.422 g Tris

54.77‘g Sucrose

0.292 g NaCl

3.727 g KC1

0.038 g EGTA

950 ml distilled deionized
H,0 to make 1 1 |

PH to 7.2 with @ 2 ml of
concentrated HCL '

add 5 mM Mg+2

14Cu¢G1ucose (5 mM)

50 mM Cold Glucose
0.045 g Glucose

5 ml Tris Sucrose buffer

0.05 m1 (0.05 mCi)

14Cu-—Glucose

Stir for 1-2 hours
loosely capped to obtain
minimal background

1-14¢c_Palmitate Substrate
Palmitate-BSA (2:1, molar
ratio) .

0.255 g- BSA (0.75 mM)

5 ml Tris Sucrose Buffer

Mix BSA and buffer

Warm up to 40-49°C A

Stir while adding 0.05 ml
warmed 1—14C—Palmitate

" Allow to stir 1-2 hours

loosely capped to obtain

minimal background.

. Scintillation Fluor

2 1 Toluere -
1 1 Triton X-100
.250 1 distilled H20

12 g Omnifluor

Stir
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ap?aratus set on a 37°C water bath. All COZ produced from
glucose oexidation during a 30 minute pefiod was collected
in scintillation vials containing l:5~m1 of 0.3 N NaOH with
a‘traée of Triton. The glucose blank consisted of 0.45 ml
. tris sucrose buffer and 0.05 ml (U—14C)glucose. |

The oiidation apparatus waé capable of handling 28
vials at one time. To each vial, there Qer¢~two small
1engths of plastic tubing. One tube brought in the oxygen
gas used to displace the labeled and unlabeled co, produced
from the glucose substrate-by‘the homogenate. The other
tube passed the CO2 gas into the vial contaiﬁing the NaOH.

. The same procedure was used for the determination of

14

the 1-""C-palmitate oxidation. In these experiments, 0.05 ml

of 1-1.5 mM 1—14C—palmitate substrate was used instead of the

radiolabeled glucose substrate. In control vials, tissue

homogenate was omitted. The palmitate blank contained the

14

same volume of 1-""C-palmitate instead of the radiolabeled
glucose substrate.

| After 30 minutes,‘the scintillation vial was
removed from the oxidation appafatus_ahd 14 ml of scintilla-
tion fluor was added. The scintiilétion vial was capped,

14C on a Beckman model LS-3133P

vortexed and counted for |
scintillation counter for 5 minutes pr_a_preset error of

0.2%.
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. In addition fo the samples and blanks, triplicate
Sets'bf 0.01 ml 5 mM (U—14C)glucose and 0.01 m1 1 mm
: 1—14C—palmitate iﬁ 7 ml of fluor was counted. These twd
sets provided the specific activit? information of the
- radiolabeled glucose and molarity of the substrate palmitate.
‘'The examples for caiculating the specific activity of the:

" radiolabeled glucose ana the nmoles of glucose or palmitate‘

oxidized to C02.appear in Appendix A.

?roﬁein Assay

The amount ofrprbtein in tissue homogenateé was
determined by the method of Lowry et al. (1951); All
reagents were freshly prepared on the day of the protein
assay. 2% Na,COy in 0.1 N NaOH, 1% Cus0,, 207% sodium
tartrate and 10% (w/v) deoxycholic acid in water were
combined in the ratios of 10:0.1:0.1:0.5 by volume,
respectiveiy. Inté_several empty test tUﬁes labeled for
each homogenate sample and standafd, 2.5 ml of the mixture
was added. | |

Prior to‘the asséy, the tissue homogeﬁatés were
sonicated to énsure;a'homogenous soiution, Bovine serum
albumin (BSA) was used asﬁthe protein standafd. ‘The
.standard>stock soluﬁibﬁbe BSA was 1 mg/mi. Distilled,f
»deionized'water was added to approximately 0.5 mg.ofvproteiﬁ
contained in the tissue homogenate or 0.02-0.20 ml of 1 mg/ml

BSA to bring the total volume to 1 ml. The 0.5 mg of
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protein in thevhomogenate was equivalent to 0.5 ml of a 1%
(w/v) tissue homogenate.

The-l ml of tissue homogenate or BSA'sfendard was
transferred to their respective tubes cdntainieg the 2.5 ml
mixture. The test tubes were vortexed and ailowed to sit
at room temperature for 30 minutes. After 30 minutes the
tubes were vortexed while adding in OLZO‘ml of Folins phenol
reagent. The test tubes were allowed to sit at room
temperature-for anotherv30 minutes. The absorbance of the
samples aﬁd etaﬁderds was read at 720 nmren_a Beckman Acta
CIII spéctrophofometer. A standard protein curve ie shown
in Appendix B. The volumes used for the homogenates of
brain, heart and liver gave concentrations between 1 and 22
mg/ml of protein. |
Plasma.Long Chain Free
Fatty Acid Analyses

A modification of the method of Grunert and Babler
(1973) was used to assay plasma free fatty acids (FFAs).
FFAs were,convertea to methyl ester (FAMES) derivatiﬁee and
analyzed by gas liquid chromatography (GLC). Duplicates
for each piasma sample Wefe assayed provided that there was
adequate plasma available. The plasma_samples,.frozen at
-20°C for 1-8 menths,‘were thawed et room fempefature'prior

to extractiﬁg the FFAs.
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Extraction. An aliquot of 0;003;0.010 ml of plasma
was added to a test tube containing,0.0S ﬁmbles heptadecano—
ate (C1l7) and 1.1 ml of chloroform-methanol (2:1, v/v). The -
tube was capped with a Teflon lined cap, vortexed,'and 0.01
ml of 1 N HZSO4 and 1 ml of 0.05 M NaCl were added. The
tﬁbes were capped, vortexed and céntrifugéd in a VWR
Scientific GT2 centrifuge at 898 x g for two minutes. After
centrifuging, two distinct layers‘were observed. An aliquot

of 0.50 ml CEC1 lower phase, was taken up with a Glenco

3>
1 ml syringe. Then half of the chloroform was placed in a
0.3 ml esferification.vial and eVéporated to dryness under
ultra high purity (UHP) nitrogen gas. The above step was
répeated with the other half of tHe chloroform being

transferred to the same esterification vial. The chloroform

- contained the plasma free fatty acids.

Esterification. The dried residue of plasma free

fatty acids were esterified to their methyl esters‘with 0.1
ml of 3 N methanolic HCl1 (Metcalfe and Schmitz, 1961;
Sheppard and Iverson, 1975). Nitrogen gas was passed over
the vial's contents to prevent the polyunsaturated fatty
acids from undergoing autoiidatioﬁ (Chpistié, 1973). The
vial was capped, vortexed and placed in a_9OOC Water bath
for one hour, then they were permittéd'to cool to room
temperature. The ésterificatioﬁ solvent was evaporated

under UHP nitrogen. To each vial, 0.1 ml methylene chloride
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was added and then dried under UHP nitrogen. The dfied
residue was.dissolved in‘0,0S ml methylene chloride.
Aliquots of the methylene chloride were tranéferred to a
0.1 ml automatic sampler and eﬁaporated under UHP nitrogen.
The abové steps involving the transfer of the fatty acid
methyl esteérs from the este;ification vial to the automatic
sampler vials were repeated‘twice. Finally, the FAMES of

the sample were dissolved in 0.025 ml of metbylene chloride

for gas liquid chromatographic analysié.

Packard (HP) 5711A dual flam ionization detector (FID)
. chromatograph with an HP76f1A automatic sampler and a HP7123A
chart recorder were used to analyze the plasma FAMES. The
glass columns ﬁere 6 ft x 7 mm in diameter and packed with
5% DEGS (diethylene glycol succinate) on Gas Chromosorb WHP,
100-120 mesh. The flow rates of the gases were 30 ml/min |
for nitrogen, 60 ml/min for hydrogen and 240 ml/min for air.
The temperatures for the FID and injection port were 250°¢C
and 200°cC, respectively. The oven temperature was
programmed at 155°C for 8 minutes to 180°C for 32 minutes at
a rate of 80Cvper minufe.

The fatty écid methylrésters were identified by
comparison of their retention times'witﬁrstandard FAMES
(Sigma Co., St. Louis, Missouri). The area of the fatty

acids: palmitate (Cl6), palmitoleate (Clé:1),
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heptadecanoate (Cl7), stearate (C18), oleate (Cl8:1) .and |
linoleate (Cl8:2) was obtained by peak height x width at
one-half peak height. The aﬁount of fatty écids‘in the
sample was calculated in terms of the internal sténdard,
heptadecanoate (C17). The amount of FFAs in the sample was

obtainéd using the formula below:

_ Areas Cl6 + C16:1 + C18 + C18:1 ¥ C18:2 _

Amount FFAs - Area Cl7

(micromoles)

Amount C1l7 (micromoles)

The concenfration of plasma FFAs (ﬁmoles/ml) was obtained by
dividing the amount FFAs by the vblume of piasmé used.
Tissue Content of Total
Fatty Acids

The procedure for analyzing tissue fatty acids was
similar to:that for plasma FFA with three exceptions:
(1) The 1 N HZSO4 and heptadecanoate (Cl17), internal
sténdard, used in the extraction spép’wére doﬁbled; (2) the
vblume of tissue'homogenate extracted was 0.05-0.1 ml; and
(3) a step was added éfter the extraction step and pribf to
esterification with 3 N methanolic—HCl. |

To the dried residue obtained from the extraction
step with CHCl3~QH36H (2:1, v/vj,»O,ZSAml of hexane was
added. . The lipids which contain no noticéébly polér
functional groups, for example triglycerides (TGs) of

cholesteryl esters, are highly soluble in hydrocarbon
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solvents such-as hexane, benzene, or cyclohexane and
slightly more polar solventé such as chloroform and dietﬁyl
ethéf,(Chrisfie,,l973). However, they are iﬁsoluble in
highly polar solvents éuch as methanol. Theipolar lipids
such as phosphoglycerides may be sparingly soluble in hydro-
carbonAsolvents unless solubilized by association With.other
lipi&s. The dissolved 1lipid residue of TGs and FFAS
predominantly was transferred to a O.S ml esterification
vial where the hexane was dried under UHP nitrogen gas. The
esterification, actually fransesterificatibn.of the lipids,
and GLC analysisAfolloWed as described in the procedure for
plasma long chain free fatty acids.

Tissue Free Fatty Acid and
Triglyceride Analysis

The assay of the tissue FFAs and triglycerides (TGs)
differed ffom the long chain plasma FFA analysis on two
major points. The first major difference was the sample
treatment prior to eXtracting £he 1ipids:

1. The tiésues from the sacrificed aﬁimal'were frozen
at dry ice temperature (-78.5°C) (Fernéndo—
Warnakulasuriya et al., 1981) and then homogenized
in ethanol using a ?olytron (Brinkman PCU-2

Kinematica).
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2. The tissues were placed in cold tris sucrose buffer
on ice and homogenized iﬁ the buffer, as was done
in the assay of total lipids. | |
3. Some tissues had been placed in liquid nitrogen
immediately after sacrificing the mice. The tissues
‘were then stored in isopentane for 7-14 months at
-70°C. The tissues were homogénized at room |
temperature in methanol using évpoiytron (Brinkmén
PCUﬁZ Kinématicaj; | |
The‘tissués were homogenized in ethanol, methanol or tris
sucrose buffer to make a 0.5-10% (w/v) solution. In one
experiment where tissue availability was limited, methanol
wa; the solvent for preparing homogenates. The other major
diffe?ence was the separation of lipid classes by thin
layer chromatography (TLC). TLC ﬁas done after extraction -
of the lipids and sﬁbsequentiy esterifigatidn and GLC
analysis followed. The scheﬁaticvof thg tissue FFA énd TG

analysis is shown on Figure-Z.

Extraction. The extraction of 0.05-1.0 ml alcoholic

or tris sucrose buffer homogenates Were'éimiiar to the
plasma 1ong chain FFAs with two exceptions. The first was
. the additioﬁ of 0.1 ml of 4.27% butylaﬁed hydroxy- toluene
(BHT) to prevent autoxidation of the polyunsaturated lipids
such.as palmitoleate (Cl6:1), oleate (C18:1) and linoleate

(C18:2) (Christie, 1973). The second minor change was the
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LIPID EXTRACTION

0.1 =L 4.2 % 3HT l

a

I11. TEIN LAYZIR CHROMATOGRAPHY
(TLC

I11.
)

I | Ad¢ 0.05-0.10 =l 3 . A
te pot sample
A b7 TLC lipic¢ stancard
1.1 =L CHCl3-OH on 0.25 micrometer
(2:1, vIv) silica gel G
.| 0.05 micromoles TLC plate
C17 acid Alr ¢ry

Develop plate in
petroleun ether-
diechyl ether-
glacial aceric
acid (80:20:2,

e

Ac¢e 0.91 al

3 raty 1
Acd 0.05 at

J.05 4 NaCl

IGs

—CIT 0] ¢
i

FFAs
vortex
TCs
FFA-‘ &
Aspirate aqueous
layer
Dry CHCla under
<iF nitrogen
Aqueous
Aquedus laver Layer
2HC1y and
iipies
\L CHCla layer
ané rTAs

0

the

res. ue

Tortex
Lipic
rest-ue

by volume)

) Air dry

Spray with
2%,7'~dichlorof luorescein
Air dry

Place under the long
wavelength of UV light
to see lipids

Scrape the silica gel
containing the 7FAs and
TGs and place the silica
gel in their respective
tesc Ctubes

FFAs : Extract the FFAs from the
silica gel with GHC13~
Gzoﬁ-ghetal acetic
acid (42:20:1, by volume)

ESTERIFICATICN

Esterify FFAs to
their methyl esters
in 0.8 mlL of 3 ¥
methanolic-dll

for 1 hour at 90°C

Transesterify the
TGs to farty acid
methyl esters in
0.8 mL of 3 N
methanolic-HCl and
0.5 ml of hexane
for 1 hour at 90°C

fEAs 1Gs

g s

Zxtract two more times with

GiCly, alone
Combine all extractioas

TGs : Add 0.05 or 2.] micromoles

C15 methyl ester
Extract the TGs Irom the
silica gel with ciechyl
ether

depeat two more Cimas
Combine all extractions

Acé 3 mL of 0.05 4 NaCl to the
FFA and TG extractions

Vortex and allow to separate
into two phases

Cool tubes to
room temperature
Jry esterification
solvent under UHP

nictrogen
Add CHisCl3 and
dry =nder UKP
nitrozen

Oissolve FAMES in
CHéCl, and transfer
to aufomatic
sampler vials

IV. GAS LIQUID CHPOMATOGARAPHY
FFAs: Aspirate aqueous (GLC) ANALYSIS
layer
Add 2 » anhydrous
NagS50, Detector
Decant QHClj to a Injection (F13)
clean test tube port
Jry uncer UHP 4
nicrogen
1Gs : Transfer ether . _%D
layer to clean
test tube Columns
Ory under UMNP CASELAS Recorcer
nitrogen S
ether layer Cylinder

and T3s

low
segulator

29
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Content Analysis--Extraction, TLC, Esterifica-
tion and GLC Analysis.
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use of 0.5 ml of NaCl to wash the CHClB‘layer_which contained
the lipids. However, for the 0;5—1.0 ml alcoholic tissue
homogenates, twice fhe vblﬁme of chloroform was added and all
other reagents used in extracting the lipids were doubled.
Subsequently, the lipids in the CHCl3 layer were dried under
UHP nitrogen. The lipids were dissolved in 0.1 ml of
Burdick & Jackson methylene chloride (CHZClz). Thevlipids
were either stored in-a -20°C freezer or iﬁmediately spotted

on a thin layer chfomatography.blate.‘

Thin Layer Chromatography. The 1ipids.dissolﬁed in
methylene chloride were spotted onto a 0.250 micrometer
-silica gel G'TLC plate (Christie, 1973; Christie, Noble and
Moore, 1976; Fernando—Warnakulaéuriya et al., 1981; '
Skipski et al., 1965). The plates were also spotted with a
TLC mixture'consisting of monoglyceride, diglyceride, free
fatty acid (linoleate C18:2) and triglyceride. The plates
were developed in-petroleum ether (b.p. 40—6OOC)—diethyl'
ether-glacial acetic acid (80:20:2, by volume) (Gloster and
Fletcher, 1966; Skipski et al., 1965). Theﬁplates were
sprayed with 2'7—dichldrofluorescein¥CH30H—H20 (0.05}75:25,

A w/v/v) and then air dried égain-(Myher,,1978). Thé standard'
lipids showed up under UV irradiétion.:: ]

| The lipids of interest ﬁere th; FFAs aﬁd TSs, the
FFAs énd TGs were identified accoraing to_tﬁeif positions

with respect‘to the compounds in the standard TLC mixture.
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The silica gel coﬁtaining the FFAs or TGs was ocréped,off
‘the TLC plate and placed in thefr"respective'laboied glaso
test tubes. The extraction from the‘silioa'geiréod»

esterification differed for thé FFAS and TGs.

Free Fatty Acids. The FFAs were extracted from the
-_oiiica gei with 4 ml of CHClS—CﬁBOH—glacial acetic acid f
(40:20:1, by volume) (Myher, 1978). The test tuoes were
roentrifuged to allow the silica gel to settle down.v The
liqoid was decanted into a 26 x 100 mm glass test tube. The
abové extraction"éteps were repeéted twice osing 4 ml of

- CHCl, each time. The CHCl, decantants were combined With,
the first decantant. The decantants were washed with 3 ml
of 0.05 M NaCl and then oeﬁtrifuged. Thefupper phase,
aqueousllayer, was aspirated off leaving tﬁe'CHCl3 layer
which contained' ‘the FFAs. About 2 grams of anhydrous sodium
sulfate was addéd to the chloroform layer. The chloroform
was then decanted into a 13 x 28 mm glass tesr tube.. ' The
}CHClS was dried under ﬁHP-nitrogen._'The FFAs weré esteriffed
in 0.8 ml of 3 N methanolic—HC1.for one hour at 90°C. The
’suBseqoent steps thatrfollowéd[are the same as desorfbed for

the plasma long chéin.FFAianalysis;

.Triglycerides;’»Prior'to“extracting the TGs, from

the silica gel, OJOS’oril.Ovmicromoles of‘pentédéoénoate

~methyl ester (ClS) was added. - The Cl5 methyl éster served
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as the internal standard for quantitating the transesterified
TGs as fatty acids. Thé C 17 acid, heptadecanoate, migrated
with the FFAs of the sample, therefore another internal -
standard was necessar§ for fhe TGs. The TGs were extracted
with 4 ml of diethyl ether. The test tube was centfifuged
and then the ether was decanfed into a 26 x 100 mm glass"
test tube. The ébove steps were repeated tﬁice (Myher,
1978). . The combined ether fractions were washed with 3 ml
of.0.0S M-NaCi. The test tube was capped.wifh a Teflon
lined screw cap and vortexed.. When two distinct layers were
visible, the upper phase, ether layer, was transferred with
a disposable glass pipet to a 13 x 28 mm glass test tube.

The ether layer confaining the pentadecanoate methyl ester
and the TGs were dried under UHP nitrogen. For 6ne hour,
the TGS were transesterified in 0.8 ml of 3 N methanolic-HCL
and 0.5 ml hexane at 90°C. Hexane increased‘the‘solubility
of the TGs in the polar estérification salvent..iThe'
subsequent steps are the same as described for the Plasmaf

long chain FFAs.

Calculations. The concentration of FFAs were
obtained using thevamounté‘df FFAs (see page 26 féf formula)
divided'by fhevm1>of homogenate used. . The microm§1es.
FFA/ml tissue homogénate can.be réadilficonverted to micro-
moles FFA/g wet weight tissue by>dividing by the initial

concentration of the tissue homogenate.
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The calculationé for the fatty acids produced from
the transesterifiéation of the TGs used péntadecanoate
(C15) methyl ester instead -of hepﬁadecanoate (C1l7) as the
standard. The amount of fatty acids can be divided by 3 to
give the amount of TG (one micromole TG contains 3 micro-
"moles of fatty acid). The concentration of tissue TGs was
given in mlcromoles TGs/g wet weight of tissue.

Typical chromatograms of the FAMES from the GLC

standard, tissue FFAs and transesterified TGs .are shown in

Appendix C.



- EXPERTMENTAL PROTOCOL

Bristol Myers Laboratories and McNeilrLaboratories
provided the experimental drugs, Bristol Myers MJ 12880-1

and tetradecylglycidic acid (McN-3802), respectively.

Bristol Myers MJ. 12880-1

The.effect of MJ 12880fl on several parameters in
genetically diabetic mice at two different ages were
studied. Young diabetic mice, 2-3 months old, and older

diabetic mice, 5 months or oldef, were used in the study.
At 2 months of age, the diabetic mice are overtly hyper-
glycemic and weigh significantly more than age-matched
non-diabetic littermates (Coleman and Hummel, 1967). The
;weight gain progresses until 4-5 months of age. Hypér—
insulinemia, hyperphagia and blood glﬁéoée levels of 300-500
mg/100 ml are observed in the db/db mice during the period
they accumulate fat. After 4-5 months of age, the diabetic
mice's Weight stabilizes and the insulin levels decrease in
relation with the»degene;ative changes in the pancreatic
islet cells.

The drug was administered in a dose of" 50 mg/kg in
6.5% methyi cellulose éolution; rThe drug was fortexed

prior to dosing the mice. Fresh drug'sﬁspension was prepared

34
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everf four days. The drug in a volume of 0.25 ml was placed
diréctly'into the stomach via 6rogastric tube. The trauma
to the animals was minimél due tovthe experience of
laboratory personnel. |

Control groups of diabetic mice at the two different
ages were utilized. The control diabetic mice Were’dOSed
with 0.5% methyl cellulose (vehicle) alone using the same
technique and a volume equivalent to the drug treated mice.

In the first experiment, the effects of a éingle
dose‘of MJ_12880-1 on blood glucose of diabetic mice; aged
5-6 months, were evaluated. Blood samples for meésurement
of blood glucose were obtainéd by capillafy puncture of the
retro-orbital venous plexus. Animals were bled‘after a iév
hourfast (zero time) and then gf&en drug or vehicle. Blood
samples were obtained after dosing at tht time intervals of
0.5, 1, 2 and 4 hpurs. Each mouse served as its own control.
Each of fhe four control groups"treated with methyl cellulose
alone contained 2 mice. Thevnumﬁer of mice in the drug |
treaﬁed groups werélas follows: 0.5 hoﬁr (n-= 3), i hour
"(n = 4), 2 hours (n:='5) and 4 hours (n = 2).

In a second experiment, MJ 12880-1 was administéfed
daily for 14‘days,tb young (2-3 months old) andvold.(6'
months old) diabetic mice to eyaluate,its effect .on blood:
glﬁcose.: fhelfreatéd db/db micévrééeivea»SO,mg/kgdrugv |

while the control db/db mice received 0.5% methyl cellulose.
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The diabetic ﬁice were fasted o%érnight befbre obtaining.
blood byrvenipuhdture,for blood glucose measurements.

In a third experiment, the effects of a single dose’
 of drug on.plasma‘free fatty acid levels ﬁefe sﬁﬁdiéd in |
diabetic mice aged 5 months or older. After an46vernight
fast, the mice were bled from the retro;ofbitalvvenous:
plexus (zero time) followed by administration of 50 ﬁg/kg
drug or O.S%imethyl celiulose. Blood was obtaiﬁéd at the
same time intervals specified‘in Experiﬁeﬁt 1, ﬁhe bloqd’
glucose study involving an acufe single dose of drﬁg or
methyl cellulose, alomne. Blood was obtained from 2 mice
r'treated with drug at 0.5 hour. Each of the other 3 groups
of drug treated mice from which blood was obtained at 1, 2
and 4 hours had 3 mice. Each of the four groups of
control mice receiving-methyi ceilulose contained 2 mice.
Each mouse served as its own control.

In a fourth experiment, the plasma FFA 1evelé-of
young (2-3 mbnths) and old (5-6 months) diabetic mice givep”
50 mg/kg drug for 14 days were evaluated. After 14 days of
dosing, the ﬁice Wefe fasted overnight prior to obtaining
plasma for the FFA analysis. The group of young‘diabétic
mice includgd.Q,given>drug and 2 giveh vehicle. The group
. of 61ld diabetic mice consisted of 3 given vehicle and 3

given drug.,
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 The mice used in the preceding experiméﬁﬁ'were
sacrificed by exsanguination after 14 days ofﬁdrﬁg |
édﬁinistration and. their tissues were analyzed for palmitate
and élucose 6xidation. ‘FreSh.sémples of héart, liver and
 brain were immediately obtained and placed in cold tris
sucroseAbufferion ice.} The tissues Wére used in the
oxidative metabolism studies employing as substrates,
palmitéte and glﬁcose.

~(McN-3802 or TDGA)

fhe TDGA experiménts were designed to evaluate the
_effects of long term administration of TDGA in grbups of
diabetic and non-diabetic mice. The mice entered the study
at 5-6 weeks of age and were treated for 12 Weeks; Diabetic
mice of either_sex was randomly selected to recelve drug or
vehicle or actlas controls.

7: Three dosage .schedules were chosen: '(l)  25 mg/kg/
daé (n = 6), (2) 10 mg/kg/day (n = 4), and k3) 5 mg/kg/déy
(n = 4). The drug was given daily to the db/db micé by
gavage in a volume 6f.0.4—0.7 ml. A single operator
administered the drug. No morbidity‘resulted‘from_the
administration of the dfug. The ddsing of the mice with the
drug}took aboﬁt 10 seqpnds per animal. o |

A group of-ﬁéhicle treated diabetic mice (ﬁ.= 6)

received 0.57% tragacanth solution in-a volume equivalent to
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the drug treated diabetic mice. A group of control diabetic
mice (n = 6) were not treated. |

- "'Non—diabetic contfols included a group of hetero-
zygotes (db/+)‘(n = 6) and a groﬁp'bffhomozygotes (+/+)
(n = 6). These two groups of mice were not téeated.

At the end of the twelve weeks of study, the mice
were sacrificed by decapitation. Sections of the heart and
liver were analyzed for oxidafive‘metabolism, carnitiﬁe
assay and.histological examination. }Thé tissué-portions
designed for the carnitine assay were alsp‘used for free
fatty acid (FFA) and triglyceride (TG) analysis. The
~ tissues were immediately placed in liquid nitrogen and
stored in isopentane at -70°C for 7-14 months, until

analysis.



RESULTS
The two potential agents for treating diabetes,
MJ;12880—l-and’McN—3802; were investigated according to
study protocols‘provided'by Bristol Myers Laboratories and
McNeil Laboratories,‘reSpectivelj. iIn addition, the
-triglyceridé and free fatty acid levels from 6 months old
”diabetic, misty and heterbzygous mice heart and liver were

assayed.

Bristol Myers MJ 12880-1

Effect on Blood Glucose
and Plasma FFAs

The blood glucose and plasma FFA levels were
'similar in the control aﬁd experimental diabetic mice (5-6
months of age):follbwing'aA;inglgfdose of drug or Vehicle.
The results for the plasma FFA leveléiof'the controi»aﬁd
eXperimental diabetic mice prior to dosingiand after dosing
with drug or vehicle are shown in Table 2. |

"The repeated dose effects of MJ 12880-1 produced no
significant'differences in the-plasma FFA or’biood glucose
levels of the two different ages (2-3 months aﬁd 5-6 months
or older) of db/db mice and their résﬁeétive ageematched
'contfols;»jiable 3 shows the plasma FFAs of the 2-3 months
and 5-6 months or older diabetic mice’trééted for 14 days

39
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2. Plasma Free Fatty Acid Levels (Micromoles FFA/ml
Plasma) of Each Control and Bristol Myers MJ
12880-1 Treated Diabetic Mouse Aged 5 Months or
Older at Time O hr and at 0.5,.1, 2, and 4 Hours

after Dosing.

Mggﬁg . Control - : .Experimental.'
- Time = 0 hr Time = 0.5 hr { Time = 0 hr Time = 0.5 hr
1 5.72 4.05 3.41 2.59
2 . 3.39 .. .. 4.4 ..3.93 00 L 4.86 . ..
_ Time = 0 = 1.0 hr | Time = 0 hr Time = 1.0 hr
1 3.12 3.06 3.05 3.10
2 4.51 3.24 3.86 2.94
3. S . - 1.79 . . 1.34 .
- Time = 0 Time = 2.0 hr |{Time = 0 hr  Time = 2.0 hr
1 4.01 3.31 3.01 2.87
2 7.92 3.70 7.95 6.47
3 - - o3.13 ... ...3.27 o
Time = 0 = 4.0 hr |Time = 0 hr Time = 4.0 hr
1 5.78 3.74 5.33 3.35
2 5.3 2.53 2.14 2.91
3 - - 1.83 2.74




Table 3. The Plasma FreevFatty Acid Levels (Micromoles
- FFA/ml Plasma) of Bristol Myers MJ 12880-1, 14

41

Days Daily Treated and Untreated Diabetic Mice.

Mggse Age . . Control - Experimental
1 5-6 months 2.92 3.11
2 - 4,46 3.38
3 3.42 3.10
1 2-3 months 4. 46 4,57
2 4.25 AN YA
3 - 3.34
4 2.58
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- with 50 mg/kg drug, and theirfage-matched controls who
received vehicle methyl.cellulcse. |
' Effect on Palmitate and
Glucose Oxidation

The results of oxidative metabolism studies on' the
14 day drug treated 2-3-months and 5-6 months old diabetic
mice and their age-matched controls are shown in Figures
3 and 4. The 2-3 months old diabetic mice treated with 50
- mg/kg M3‘12880—l for l4 days showed a 35% decrease in
palmitate oxidation by thevliver and a 17.8% increase in
hepatic glucose oxidation. In the,Se6 months old diabetic
“mice, there was a 65% increase in palmitate oxidation bv the
liver and a ll%»increase in glucose oxidation by the brain:

The total lipids of the liver and heart were
measured only in the 2-3 months old'diabetic'mice. " This’
'information'was'needed‘tcﬂevaluate the effect of MJ 12880-1
on palmitate metabolism by the hearr aﬁd liver ‘ The total
11p1d content of the liver was 2.02 r 0.24 and 2.57 l 0. 46
micromoles/g wet weight of liver for the control and
experimental 2-3 mohths old diabetic mice, respectively.
The total lipids in the heart Were 0.88 + 0.0l and 1.48 +
0.44 micromoles/nget weight of heart, respectively. There
was no significant difference berween'the vehicle and drﬁg :
_treated diabetic mice in he?aric'and cardiac lipid levels.
~The tctel-lipids in the heart ana liver'of 5-6 moﬁths old

control and experimental diabetic mice were not measured.
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b P<0.05 o Control |
55 MJ 12880-1 treated”
n= number of mice
Young Diabetics Old Diabetics "
( 2-3 months ) (5-6 months )
8 |
Brain Heart Liver Brain Heart Liver
The Effect of MJ 12880-1 on Palmitate Oxidation

by the Brain, Heart and Liver Homogenates of
Young and 0Old Diabetic Mice Based on Their Age-
Matched Controls. -- The percent palmitate
oxidized/mg protein (Means % S.E.) was not
adjusted for tissue lipid content.
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Figure 4. The Effect of MJ 12880-1 on Glucose Oxidation
by the Brain, Heart and Liver Homogenates of
Young and Old Diabetic Mice Based on Their
Age-Matched Controls. -- The percent glucose
oxidized/mg protein (Means * S.E.) of the
tissue homogenates from age-matched control
mice were set at 100%.
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Therefore, the percent palmltate ox1dlzed/mg protein based
on thelr age—matched controls (Flgure 4) was not adjusted to

account for the tissue lipids.

2-Tetradecylglycidic Acid (McN-3802)

Mice entered into this study at the age of 5-6

weeks, and received drug or vehicle for a period of 12
weeks. Untreated diabetics, heterozygous and misty mice
served to‘establish the baselinerf the cardiac FFA and TG
levels. Groups of diabetic mice received McN3802 at 5, 10;
and 25 mg/kg/day. Control diahetios-received the vehicle
tragacanth.
| The total lipids of the heart and liver from 5 and
10 mg/kg McN- 3802 treated diabetics were assayed within two
weeks after obtaining tissue homogenates The results are
shown in Tahle 4 ' There were mno 51gn1F1cant dlfferences in
hepatic and cardlac lipids between the two groups recelved
McN3802 at 5 and 10 mg/kg/day using tissues homogenized in
Tris sucrose buffer. a |

| The results of the cardiae FFA and TG levels of the
drug and/or vehicle treated diabetic and untreated diabetic,
misty and heterozygous mice are shown in Figures 5 and 6.
-'There were no SLgnlflcant dlfferences between the cardlac
V’TG levels using the ena1y51s of varlance (ANOVA) test.

However, using the Student's test on'the‘diabetics.only, the
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Table 4. Cardiac and Fepétlc Lipid Levels (Mlcfomolés
Total FAs/g Wet Weight Tissue) of 5 and 10 mg/kg
MeN-3802 Treated Dlabetlc (db/db) Mice.

. Heart
pmoles total FAs . : umoles fOtal FAs
g wet weight . g wet weight
71.07 ’ ' 62.40
80.69 49,24
57.62 79.07
75.13 63.16
_ 67.56 - 55.70
= 70.41 = 61.91
S.E.= +3.87 S.E.= +4.98
Liver B
umoles total FAs ' umoleS'tbtal’FAs
g wet weight , g wet weight
54,92 | . -97.88
-84 .62 o ' 54.82
98.08 126.62
146.08 ' A 147.70
145.05 : o 200.90
_159.11 _ -
X= 116.31 » X= 125.58

S.E.= +16.45 - | S.E.= +24 43
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The 10 mg/kg McN-3802 treated db/db
mice differ significantly from control
db/db mice in cardiac FFA levels

nr 6
P< 0.05 .
a 1
nr 4
- = n~6
n=6 a n=4
T n-6 I
Trag Cont 5 10 25 db/i +/-

mg/kg McN-3802
DIABETIC MICE

The Effect of McN-3802 on Cardiac FFAs
(Means * S.E.) of Treated Diabetic Mice as
Compared to Untreated Diabetics and Vehicle
Treated Diabetics and Untreated Non-Diabetic
Mice. -- The diabetic mice were treated with
vehicle (Trag), not treated (Cont) or drug
treated at 5, 10 and 25 mg/kg. The non-
diabetic mice were heterozygotes (db/+) and
misty mice (+/+).
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6
n=number of mice
n= 4
n=4 n=6
n-6
n=6
Trag Cont 5 10 25 db/+ -f/+

mg/kg McN-3802
DIABETIC MICE

The Effect of McN-3802 at 5, 10 and 25 mg/kg
on Cardiac TG Content of Diabetic Mice as
Compared to Vehicle Treated (Trag) Diabetics,
Untreated (Cont) Diabetics and Untreated Non-
Diabetic Mice. -- The untreated non-diabetic
mice were heterozygous (db/+) and misty (+/+)
mice. The cardiac TG content were given as
Means S.E.
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FFA~1evel of the 10 mg/kg McN-3802 treated diabetics was
signifiéantly higher than the untreated diabetic mice

(p <0.05).

Frozen Hearts and Livers

The hearts and livers from. 6 months old littermates
of the C57BL/KsJ-db inbred strain of mice, misty, diabétic
and heterozygous, were obtained for FFA and TG analyses.

The results are. shown on Fig. 7 and 8. No sigﬁificant
differences were found using an.analysis and variance test
onrthe FFAs and TGs. The mice had not been treated With aﬁy

drugs.
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Figure 7. The FFA'Levels (Means + S.E.) in Heart and Liver

Tissues of 6 Months 0ld Untreated Diabetic
(db/db), Misty (+/+) and Heterozygous (db/+)

‘Mice. -- After sacrificing the mice, the tissues
‘were immediately frozen at dry ice temperature,

homogenized and extracted for lipids.
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DISCUSSION

Bristol Myers MJ 12880-1

The study of Bristoi Myérs MJ 12880-1 gﬁ blood
glucose, plasma free fatty acids and oxidative metabolism
- suggested that the drug did not influence those parameters
signifiéantly. The drug, MJ 12880-1, had no effect on blood
glucose levels or plasma long chaiﬁ FFAs in young or old
diébetic mice. This was observed in.animals given a single
dose of drug or a repeated daily dose of drug for 14 days.
The results are similar to previous studies.utiliZing rats
which showed no change in blood glucose and plasma FFAs with
the exception of higher plésma FFAs in rats treéted with
drug for 14 days.

The plasma FFA levels of young and old diabetics
réceiving drug for 14 days wére similar to their age-matched
controlé. The plasma FFA level of the db/db mice were not
affected by the drug, possibly because of their hugh deposits
of substfate.triglyceridé; and a slower release of free
fatty acids}from the adipose tissue masé (Allan and Yen,
1976).

Previduslylreported values for FFAs in serum and
plasma have shown some variability. Steinmetz, Lowry and
Yen (1969)Nfoﬁhd the piasma levels of diabetié mice aged

52
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~ 3-5 months to be 1386.# 0.27tmicromoles FFA/ml plasma (1.5-
2 tiﬁes normal heterozngde,mice, 0.81 + 0.04 micromoles FFA/
ml plasma). Chan et al. (1975) found the free fatty acid
levels in serum to4be about 3 times greater in diabetic mice
as compared to normal (2.69 + 0.80 as compared to 0.91 + 0.26
microequivalents/ml serum in normal mice). The units ﬁicrof
moles and microequivalents are equal in this case since the
‘fatty acids analyzed contain only one ionizable hydrogen (H+).
" The serﬁm FFA level (Chan et al., 1975) and the plasma FFA
level (Steinmetz, Lowry and Yen, 1969) of normal mice are
very similar. ‘However, in the diabetic mice, the serum FFA
level ia about 1.51timee the plasma levels (Chan et al., 1975;
Steinmetz, Lowry and Yen, 1969).. A possible explanation is
that the FFA level of the db/db mice is actﬁally higher at 8
weeks'than at 12 weeks of age. At 7-8 weeks of age, the
levels of triacylglycerols in the carcass and liver increase
dramatically (Yen et al., 1976). The FFAs are precursors of
triaeylgiycerols and are transported to the liver and adipose
tissue by the blood. Additionally the bleeding procedure
and FFA analysis could be influenced bybtechnical variation.
In this-studv,.the plasma levels of FFA in both drug
treated and control mice aged 2-3 months and 5 6 months, were
higher than the prev1ousrllterature reported values
(Steinmetz Lowry and Yen 1969) ~ However the plasma FFA

1evels obtained in the study were closer to the llterature
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value given for the serum FFAs (Chan et al., 1975). 1In a |
few cases the plasma FFA level was about 2-3. times the serum
FFA levels of 8 Weeke old db/db mice (Chan et ai.;‘1975);~
| The plasma sampies had been stored for over 9 monthsli
at -20°C prior to analysis. Plasma is a good’antioxidant and
provides protection to itS“component'lipid; Furthermore, at
-20°c, lipids stored in plasma oo not undergo degradation for
several years (Nelson 1972). Therefore the long storage
perlod of the plasma samples would not produce the high FFA -
levels found in -this study. Eowever, accidental overnight
thawing of the plasma.samples occurred twice during that 9
month period. The accidental thawing of the samples resulted
in autoxidation of polyunsaturated acids and degradation of
lipids (Nelson, l972>.> No antioxidant had been'added to the
samples. The polyunsaturated acids like palmitoleate
(C16:1), oleate (C18:1) and linoleate (018:2) autoxidize
rapidly in plasma at room temperature exposed to oxygen |
(Christie, 1973).

MJ 12880-1 caused a decrease in.pahnitate oxidation
and an increase in glucose oxidation by the liver of 2-3 |
months old diabetic mice. These correspond With Chan and
Exton s (1977) conclu51ons that 8 veek old diabetic mice have
decreased. fatty ac1d ox1datlon and’ 1ncreased fatty acid
‘esterlflcatlon to monoglycerols, dlglyoerols; trlglycerols
”and phospholipida. ,Additionally, 1inogenesis.actiVity in

the db/db mice at 8 weeks of age was 4 tﬁnes]normal. Chan
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and Exton (1977) found that hepatic oxidation of non-
esterifiable octanoate to CO, and ketone bodies was not
reduced as much as the oxidation of esterifiable oleate..

The changes in fatty acid 5xidation appeared .to be secoﬁdary'
to glyceride‘synthesis. | |

'The_totél-hepatic lipid content of control and MJ
12880-1 treated diabetic mice were found to be similar.
MJ 12880-1 may have,ehhanced fattyﬁacid ésterification
thereby decreasing_hepatic palmitate oxidatioﬁ in the 2-3
months old dE/dE mice.,'However, the triglyceride (TG) and
FFA levels of mice were not measured at the tiﬁe of the
oxidation sfudy. The FFAs and TGs ﬁere measured one year
~later and did not provide-usgful information since extensive
autolysis of lipids, especially phospholipids may have
occurred (Fairbairn, 1945). |

The increased hepatic,giucose oxidation was enﬁanced
in 2 months old mice treated with ﬁJ 12880-1. The glﬁco—A
neogeic enzymes and lecolYtic enzymes were found to be | .
higher in the‘2 months old db/db mice (Chang and Schneider,
1970; Wyse and Dulin, 1979). Cﬁan et al. (1975) found that
8 weék old diabetic mice.had almost 3 times the livef
glycogen of normal mice (64 + 3 'and 22 + '3 mg/kg 1ivef in
‘db/db and normal mice, respectively). Additionally, ‘the 8
Weekold ﬁiaBetic miée;wereyfbund.to:have higher glycogen

synthetase I and total synthetase activities than normal mice.
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Paradoxically, livers from .8 week old‘diabetic‘mice'Were
. found to have é»glycogen phosphofylase acfivity of 177% of
normal mice. The étudies.of Chan et~él. (1975) and-éhan and
Exton (1977) suggested that the glycogen turnover is very
rapid in the db/db mice. The glycolytic enzymes, pyruvate
kinase, glycokinase and hexokinase, are twofold higher for 8
weeks o0ld db/db mice compared with normal mice (Chan et al.,
1975). fherefore-glucqse.oxidatioh in the 2 months old
diabetic mice is higherAand MJ. 12880-1 appeafs to enhance
glucose oxidation by the liver.

| The increase in palmitate oxidation by the liver and
giucose oxidation by the brain showed that MJ 12880-1 merely
énhanced the existing metabolic conditions in the 6 months
old diabetic mice. At 4.5 months of age, gluconeogenic
enzymes increased further while glycolytic enzymes decreased
(Chang and Schneider, 1970; Wyse and Dulin, 1970). The older
db/db mice are characterized as having normal St décreaséd
plasma insulin, and retarded glucose oxidationraQCOmpanied
by the depressed activities of pyru&ate kinase. and phospho;"
gluconate dehydrogenase (Chang and Schneider, 1970; Wyse and
Dulin, 1970). Additionally, the insulinopenic diabetic mice
méy lose weight at’4.5 months of age and about 50—56ﬁ of |
their body weight is composedxqf'triacylglycerolé (Yen et al!
11976; Chan et al., 1977). The diabetic mice 4.5-9 months of -

age, catabolize more fat to compensate for decreased glucose
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roxidafion which results frbm,insulin‘deficiency<pr tissue
reéistancé to insulin. However,lthe brain requifes glucose
or beta-hYdrobeutyrate for its energy substrates in fasting
and diabetic states. Incréased glucose oxidation'by the
brain and increased palmitate oxidation’by the liver in
older diabetics was observed in untreated miée. Thus, MJ
12880-1 appeared to increase the oxidation of substrates
aiready utilized by the mice at 2-3 months and 5-6 months

of age.

The cardiac triglycéride and freevfatty'acid levels
of misty (+/+), diabetic (db/db) and heterozygous (db/+)
- mice have not been investigated previously.

In this study, the cérdiac triglyceride levels of
TDGA treated diabetic (db/db) mice were not significantly
different from.the untreatedvaiabgtic mice and their non-
diabetic littermates (misty [+/+] mice and heterozygotes
‘[db/+]). However, the cardiac FFA levels of thellO mg/kg/day
TDGA treated diabetic mice were significantly higher than the
untreated diabetic mice. The 25 mg/kg/day TDGA treated
diabetic mice had similar wvalues for cardiac FFA and G
content as the untreated db/db mice.'

: ‘Tutwilef and'Dellevigne (1979) found that TDGA

iﬁhibited palmitate oiidation in isolated ratiliVef”cellé'iE

“witro. Additionally, livers of rats treated with the methyl
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ester of TDGA had increased triglyeeride content. Similarly,
Pearch et ‘al. (1979( found that TDGA inhibited fatty acdd
oxidation in vitro by 80% when rat hearts were perfused with
the drug 10 minutes prior>to the addition of fatty-acids.
VHowever, complete longichain fatty acid oxidatien by the
heart was produced when TDGA was added 30 minutes earlier
than oleate and ( H) palmltate - No iE.XEXQ studies of the
effect of TDGA on rat hearts have been done pteviously The
" in vitro studies of TDGA 1nh1b1t1ng long chain fatty ac1d
ox1datlon suggest that a:study on FFA and TG content of
hearts and llvers from rats- treated with TDGA dally for 14
days or more may provide 1nterest1ng data.

The total lipid levels of the heart and liver from
diabetic miceAtreated both 5 and 10 mg/kg 2ftettadecylg1ycidic
acid were similar. However, the FFA and TG levels of the
heart from the 10 mg/kg treated mice were'about_ZSZ and 507
higher than the 5 mg/kg. treated diabetic mice, respectively-
The measurement of the total lipids in the heart and llver of
the drug treated diabetic mice did not provide useful
information. The TG levele'in liver have»been found to
increase in rats treated with the methyl ester of McN—3802
(Tutwiler and Dellevigne, 1979). It Weuld be particularly
interesting to find out the hepatic TG levels in the McN-3802A
treated db/db,mice. The hepatic TG levels should be higher

in the TDGA treated db/db mice than untreated db/db mice.



The study of 2-tetradecylglycidic acid on the db/db
mice was not concluéiﬁe-and.Should be rebeafed However the
study showed the need to extract the lipids from tissues as
soon as possible. The effect of tetradecylglycidate on the
cardiac FFA and TG levels should be further investigated
before conclusions can be made on the drug's effect on

" db/db mice.

. There are no° 11terature values avallable on the FFA
.and TG levels of the 6 months old dlabetlc misty and
heterozygous mice. - The.TG level of the db/db mice was not
~significantly'different from the TG levels of non-diabetic
littermates, the misty and heterzygous mice. The TG level
of the db/db mice may~be statiétically significant from the
TG levels of its non?diabetig littermétes if the sample
size was larger than 2 mice. ‘ |

Stearns and Benzo (1981) found diabetic (db/db) mice
of 21 weeks of age to havé.1.77 + 0.23 microM FFAs/g liver
and 38.6 + 10.1 mg TG/g_liver. The micromoles TG/giwét
weight of liver of'thg 6 months old db/db mice studied was
equivalent to 44.77 mg.TG/g wet weight of liyér. Both the
FFA.andMTG'content in the dry ice frozen livers of the 6
months o0ld db/db mice agreed with the values obtained by

Stearns and Benzo (1981).
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The'hepatic TG content (4.3 + 1.9 mg TG/g liver) of
control 21 weeks old mice. studled by Stearns. and Benzo (1981)
agreed very well w1th the TG coritent of the heterozygous
mice livers (3.96 mg TG/g wet weight liver) but not the -
misty mice livers (12;26'mg TG/g wet weight liver). The
misty mice anaiyzed in.this study had threefold the TG ievel '
.in liver found by Stearns and Benzo (1981). The control
mice used by Stearns and Ben204(1981) were the leen litter-
mates of the db/db mice. “ | |

The~FFA content of'the‘21 weeks of age normal ﬁice
were found to have-2.48 + 0.27 microM FFA/g iiver hy Stearns
and Benzo (1981). The FFA cohtent in the liver of the 21
weeks of age mice was twofold of the misty mice and about
threefold of the heterozygous mice that were 6 months of age.
Autolysis of lipids may have occurred, thereby accounting
for the high FFA.oontent of the liver from the 21 weeks of
age normallmlce studied by Stearns and Benzo (1981)

The FFA and TG levels in the heart of 6 month old -
diabetic, misty and heterozygous mice appear to be closer to
the expected range of values than the heart,FFA and TG
levels found in the 4.5 monthe old untreated MoN—3802 misty;
heterozygous and diabetic mice. However, the db/db mice
lose weight at about 4.5—9Amonthé of age and about 50% of
their body weight'ie triaoylglycerols (Wyse and Dulin, 1970;

Yeh et al., 1976). So the amount of FFA and TG may be
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slightly higher in the 4.5 months old diabétiq mice since
that is the iﬁitiai_agé/weigﬁt.loss starts. Additionally,
Fairbarin (1945) stated that the tedhnique of quick freezihg,
pulverization of tissue at dry ice temperature and extrac-
‘tion of the lipidsishould be takén as the maximum'vélues for

the tissue analyzed.



CONCLUSIONS

BristolfMyers MJ 12880-1 had no effeqt‘on the
metabolic abnormalities in the diabetic mouse. Bristol
Myers MJ 12880-1 appeared to exacerbate the diabetié'
metabolism of the 2-3 months and 5-6 ﬁontﬁs~old diabetic
mice.

Z—Tetradecyiglycidate (McN—BSdZ) treated diabetic
mice dosed at 10 mg/kg had significantly higher éardiac FFA
levels compared to the uﬁtreated db/db mice. HoWéver, the
25 mg/kg McN-3802 treated db/db mice did not have apparently
higher cardiac FFA or TG levels than the untreated db/db mice.
Further studies aﬁe needéd to evaluate MchSSQZ on the heart
and particularly the liver in terms of the FFA and TG levels.

The cardiac FFA and TG levels from the animals used
in the McN-3802 'study showed the need for extracting 1ipids
from the tissue'és soon as possible. The»TG and FFA levels
obtained from the frozen heart and liver of 6 months old
db/db mice were lower than the values obtained from the
tiséues of the MCN—3802 studyiwhigh:ﬁeré kepf'at —7OOC for
7-14 months. | |

The lack .of data on cardiac and hépéfichFA.and TG
levels show the ﬁeéd.for more researqh in:quaﬁtifating the
lipid levels in the-CS7BL/KsJ inbred strain of}misty (+/+),
| - 62 o
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diabetic (db/db)'and heterozygous (db/+) mice at various
ages; The preferred method would be to freeze the tissue at
dry ice temperature, pulverize the tissue at dry ice -
temperature, homogenize the tissue in an alcoholic solvent
and quickly extract the lipids. Lower values for the FFAs,
TGs and other classes of lipids méy be 6btained{ - Addi- -
tionally, the variation of the TG and FFA levels in the =~
livers and hearts of the diabetic (db/dbj, heterozygous

(db/+) and misty mice should be further investigated.



APPENDIX A

CALCULATIONS USED IN THE PALMITATE AND
GLUCOSE OXIDATION EXPERIMENT
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Glucose

Specifié'ActiVity.= K (micromole/microCi)

Kglucose dpm/lOO nl sample x lOOO ul/ml

='l.l’x 'II.O'6 miCromole/micrOCi'x 1/dpm
dpm sample

- ; . cpm, - cpm,. '
where dpm sample = 10 Pl hiz glucose . blank

efficiency

dpm/100 pl sample

nmolestlucosewoxidized _ dpm x K lucose (umoles/uCi)
by tissue homogenate & '
o ., ; 3
_ dpm x Kglucose (ymoles/pCi) x 10 nmoles/ymole
2.2 x 10° dpm/uci
- dpm x Kglucose rmoles B .
2.2 x 10° dpm

where dpm =.“P™homogenate ~ “PPplank

014 eff
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Specific Activity 1-C14 Palmitate = Y moles/uCi-is:stated4

on the container of the radiolabeled substance.

nmoles Palmitate oxidized _ Y moles/uCi =~
by tissue homogenate 7 2 x 106 dpm/wCL

Py oo = P )
cl%ers




Abs. a 720 m (X 0.1)

APPENDIX B

STANDARD CURVE FOR THE HOMOGENATE PROTEIN

BY THE LOWRY PROCEDURE

10 ..

2 6 10 14 18 22

milligrams protein (X .01)
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~ APPENDIX C -
TYPTICAL CHROMATOGRAMS OF THE FAMES FROM THE GLC
STANDARD, TISSUE FFAS AND TRANSESTERIFTED TGS
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GLC FAMES STANDARD

ci5 ¢c1 1 C$C18 C18:2

VAJVL

Cc16 C17 C18:1

0 2 4 6 § it) 12 14

Retention Time ( minutes )



Tissue FAMES

C18:1

C16 C18 C18:2

Retention Time ( minutes )



Tissue Transesterified TGs

u

£ 10 12 14 16 18 20 22 24

Retention Time ( minutes )



~ REFERENCES. -

‘Allan, J. A. and T. T. Yen (1976) Lipolytic.response of
diabetic mice (db/db) to isoproterenol and - :
propranolol in vivo. Experientia 32:836-837.

Brendel, K. and E. Meezan (1974) A simple apparatus for the
continuous monitoring of 14C02 production from
several small reaction mixtures. Ana. Bioch. 60:
88-101.

Bristol Myers Laboratory. Personal Communications.

Chan, T. M. and J. H. Exton (1977) Hepatic metabolism of
. the genetically diabetic (db/db) mice. II. Lipid
metabolism. Biochim. Biophys. Acta 489:1-14.

Chan, T. M., K. M. Young, N J. Hutson F. T. Brumley and

: ~J. H. Exton (1975) Hepatic metabollsm of
genetically diabetic (db/cb) mice. I. Carbohydrate
metabolism. Am. J. Physiol. 229:1702-1712.

Chang, A. Y. and D. I. Schneider (1970) Abnormalities in
hepatic enzyme activities during development of
diabetes in Db mice. Diabetologia 6:274-278.

_Christie, W. W. (1973). Lipid Analysis: Isolation,
separation, identification and .structural analysis
of Tipids. Billing & Sons Limited, London, England.

Christie, W. W., R. C. Noble and J. H. Moore (1976) Deter-
mination of lipid classes by a gas chromatographic
procedure. Analyst 95:940-944.

'Coleman D. L. (1978) Obesity and diabetes: two mutant
genes causing diabetes-obesity syndromes in mice.
Diabetologia 14:141-148. »

Coleman, D. L. and K. P. Hummal (1967) Studies with the
mutation, diabetes, in .the mouse.  Diabetologia 3:
238-248. - : ' : ' ’

Coleman, D. L. and K. P. Hummel - (1974) Hyperinsulinemia in
pre-weaning diabetes (db) mice. Diabetologia 10:
607-610. : . ‘

72



73

Fairbairn, R. (1945) Free fatty ac1ds in animal tissues.
' ~J. -Biol. Chem. :645-650. -

Fernando-Warnakulasuriya,”G. J. P., J. E. Staggers, S. C.
Frost and M. A. Wells (1981) Studies on fat
digestion, absorption and transport in the suckling
rat. I. Fatty acid composition and concentrations
of major lipid components. J. Lip. Res. 1In press.

Gepts, W. -and P. M. Lecompte (1981) The pancreatic 1slets
in diabetes. Am. J. Med. 70:105-115.

Gloster, J. and R. F. Fletcher (1966) Quantltatlve analysis
of serum lipids with thin-layer chromatography
.Clin. Chim. Acta 13:235- 240

Grunert, A. and K. H. Babler (1973) Experimental investiga-
tions of the mlcroanalytlcal determination of the
long chain fatty acids in blood.  Z. Anal. Chen.
267:342-346. ‘ . ’ '

Herberg, L. and D. L. Coleman (1977) Laboratory animals
_ exhibiting obesity and diabetes syndromes :
Metabolism 26:59-08.

Hummel, K. P., M. M. Dickie and D. L. Coleman (1966)
Diabetes, a new mutation in themouse. Science 153:
1127-1128.

Kramer, J. K. G. and H. W. Hulan (1978) A comparlson of
procedures to determine free fatty acids in rat
heart. J. Lip. Res. 19:103-106.

Kryston, L. J. (1981) Diabetes mellitus, p..258-293. In
Endocrine Disorder: Focus on Clinical Diagnosis.
Medical Examination Publishing Co., Inc., Garden
City, New York. ‘

Kuksis, A. «(1977) Review: Routine chromatography of simple
~lipids and their constituents. J. Chrom. 143: 3 30.

Kuksis, A (1978). Separation and determination of structure
of fatty acids, p. 1-76. In Arnis Kuksis (ed.)
" Handbook of Llpld Research.1.  Fatty Acids and ‘
Glycerldes Plenum Press, New York.

Kupiecki, F. P. and L. D. Adams (1974) The lipolytic system
- in adipose tissue of Toronto-KK and C57BL/KsJ -
diabetic mice. Adenylate cyclase, phosphodiesterase
and protein kinase activities. Diabetologia 10:633-637.



74

Lilly (Eli) Research Company (1980) " Diabetes Mellitus. Eli
Lilly and Company, Indianapolis, Indiana.

Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall
(1951) Protein measurement with the Folin phenol
reagent. J. Biol Chem. 193:265-275.

Metcalfe, L. D. and A. A. Schmitz (1961) The rapjid prepara-
tion of fatty acid esters for gas chromatographic
analysis. Anal. Chem.. 33:363-364.

Mordes, J. P.land A, A. Rossini (1981) Animal models of
diabetes. Am. J. Med. 70:353-360.:

Myher, J. J. (1978) Separation and determination of the
structure of acylglycerols and their ether analogues,
p. 123-196. 1In Arnis Kuksis (ed.) Handbook of ELipid
" Research 1. Fatty Acids and Glycerides. Plenum
Press, New York.

National Diabetes Data Group (1979) Classification and
diagnosis of diabetes mellitus and other categories
of glucose 1ntolerance Diabetes 28:1039-1057.

Nelson, G. J. (1972) Handllng, extraction, and storage of
blood samples. 1In Gary J. Nelson (ed.), Blood
Lipids and Lipoprotein: Quantitation, Composition
and Metabolism. John Wiley & Sons, Inc., New York.

Pearce, F. J., J. Forster, G. DelLeeuw, J. R. Williamson and
G. F. Tutwiler (1979) Inhibition of fatty acid
oxidation in normal and hypoxid perfused rat hearts
by 2-tetradecylglycidic acid. J. Mol. Cell. Cardiol.
11:893-915. '

~Randle, P. J., P. B. Garland, C. N. Hales and E. A. Newsholme
(1963) The glucose fatty acid cycle: 1Its role in
insulin sensitivity and the metabolic disturbances

of diabetes mellitus. Lancet 1:785-789.

Randle, P. J., P. B. Garland, C. N. Hales, E. A. Newsholme,
R. M. Denton and C. I. Pogson (1966) Interactiom of
metabolism and the physioclogical role of insulin.
Recent Prog. Horm. Res. 22:1-48.

Rizza, R. A., L. J. Mandarino and J. E. Gerich (1981)
Mechanisms of insulin resistance in man: Assessment
using the insulin dose-response curve in conjunction
with insulin-receptor binding. Am. J. Med., 70:169-
176.



75

Rotter, J. I. and D. L. Rimoin (1981) "The génetics of the
glucose intolerance disorders. Am..J. Med. 70:
116-126.

Sheppard A. J. and J. L. Iverson (1975) Esterification of
fatty acids for gas-liquid chromatographic analysis.
J. Chrom. Sci. 13:448-452.

Skillman, T. G. and J. M. Felfman (1981) The pharmacology
of sulfonylureas. Am. J. Med. 70:361-372.

Skipski, V. P., A. F. Smolowe, R. C. Sullivan and M. Barélay
" (1965) Separation of lipid classes by thin layer
chromatography. Biochim. Biphys. Acta 106:386-396.

Skylér, J. S. and .G, F. Cahill (1981) Foreword,-Diabetés
Mellitus: Progress and Directions. Am. J. Med.
70:101-104. o

Stearns, S. B. and C. A. Benzo (1981) Carnitine content of
’ liver from genetically diabetic (db/db) and control
mice. Biochem. Med. 25:114-119.

Steinmetz, J. L. Lowry and T. T. T. Yen (1969) An analysis
of the lipolysis in vitro of obese-hyperglycemic and
diabetic mice. Diabetologia 5:373-378.

Tutwiler, G. F..and P. Dellevigne (1©7%). Action of the oral
hypoglycemic agent 2-tetradecylglycidic acid on
hepatic fatty oxidation :and gluconeogene81s J.
Biol. Chem 254:2935-2941.

Tutwiler, G. F., T. Kirsch, R. J. Mohrbacher and W. Ho
(1978) Pharmacologic profile of methyl 2-tetra-
decylglycidate (McN-3716) - An orally effective
hypoglycemic agent. Metabolism 27:1539-1556.

Tutwiler, G. F., R. Mohrbacher and W. Ho (1979) Methyl-
2-tetrdecylglycidate agent that inhibits long chain
fatty acid Odeatlon selectively. Diabetes 28:242-
248. ‘ o

Tutw1ler -G. F. and M. T. Ryzlak (1980) Inhlbltlon of mlto—
chondrlal carnitine palmitoyl transferase by
2- tetradecylglyc1d1c acid (McN- 3802) - Life 801
26:393-397.

Wakil, S. J; (1970) Fatty acid metabolism,vp.l—48. In
Salih J. Wakil (ed.) Lipid Metabolism. Academic
"Press, Inc., New York. ' .




Wyse,

Yen,

Yen,

76

B. M. and W. E. Dulin (1970) The influence of age

and dietary conditions on diabetes in the Db mouse.
Diabetologia 6:268-273.

.T. J.A. Allan, P-L. Yu, M. A. Acton and D. V,

Pearson (1976) Triacylglycerol contents and in vivo
lipogenesis of ob/ob, db/db and Avy/a mice.
Biochim. Biphys. Acta 441:213-220.

. T. and J. A. Steinmetz (1972) Lipolysis of

genetically obese and/or hyperglycemic mice with
reference to insulin response of adipose tissue.

Horm. Metab. Res. 4:331-337.






