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INTRODUCTION.

A, Statement of,?roblem

Generalized vasculér disease is the single most im-
portant factor predisposing to morbidity and mortality in
patients with diabetes mellitus (Marks, '1965). Vascular
disease in diabetes mellitus involves all areas of the
arterial system, from arteries to arterioles and capillaries.
However, the nature of the process which leads to changes
in the Qascular'system is not completely understood. Reti-
hopathy, nephropathf, neuropathy, and increased incidence
of cardiovascular disease are long-term complications asso-
ciated with diabétes (Fagérberq, 1959; Siperstein, 1968;
Marble, 1976; Herman et al., 1977). Despite this, little
is known concerning the reactivity of the diabetic vascula-
ture to vasopressor substances. Few studies have examined
the responsiveness of diabetic blood vesseis'to vasoactive
substances. In addition, the results of these studies ha&e
’been controversial. At the present time vascular reactivity -
in the diabetic state remains undefined.

B. Review of the Related Literature

Microangiopathy is the general term applied to capillary
changes seen in the diabetic patient. Increased deposition
of basement membrane and/or basement membrane-like material

seems to be the landmark of diabetic microangiopathy. The
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pathogenesis of the‘capillary wall thickening and particu-
larly of the basement membrane is at present unclear. Based
on morphological ultrastructural studies of quadriceps
muscle capillaries in prediabetic and diabetic individuals,
Siperstein ét al. (1968) have suggested £hat diabetic micro-
angiopathy is independent of the hyperglycemia of this dis-
ease and may arise as a manifestation of separate genetic
entity that tends to occur in diabetes. On the’othef‘hand,
Williamson et al. (1969) by means éf a different tissue .
fixation techniqﬁe, haVe concluded that the thickening of
quadriceps.muéqle capillayy basement membrane and of vascu-
‘lar changeé elsewhere are secondary to carbohydrate intol-
erance or insulin deficiency. There is general agreement
that once,diabetes has been manifeéted,,thickening of muscle
capillary basement membfane correlates with the duration of
the disease (Danowski et al., 1965; @sterby, 1975).

The basis for the increased deposition of basement
membrane and/or basement membrane—-like material is currently
under intense investigation. It is well-documented that in
the kidney, glomerular epithelial cells participate in the
synthesis of basement-like material. The morphological hall-
mark of increased‘synthesis is the tendency towards increésed
numbers of cisterae in the endoplasmic reticulum of‘kidneyi
epithelial cells coﬁtaining.basemeﬁt membrane-like material
in diabetes (@sterby, 1975). It also is well-documented
that the mesangial cells probably lay down basement membrane-

like material in the mesangial regions. Embryological



studies seem to indicate that the endothelial cells also
participate‘in the sfnﬁhésis of basemént membrane material
(@sterby, 1975).

Basement membrane is glycoprotein in naturé. The
synthesis of its carbohydrate component does not require
insulin so that it is possible that, in the presence of
hyperglycemia, where glucose utilization has‘been impaired
along insulin required pathways, this sugar may be shunted
in larger than normal amounts to glycoprotein formation,
with the subsequent overproduction’of basement membrane
material (spiro, l970).i This concept corrélates the ele-
vated blood glucose levels with the'development of the micro-
angiopathy and ciarifies the overproduction of a carbohydrate-
containing material in a disease where there is an under-
utilization of glucose.

Spiro and Spiro (1971) found in alloxan-hyperglycemic
rats an increased activity of glucosyltransfefase, the en-
zyme responsible for attaching glucose and galactose to
basement membrane polypeptide. In KK mice with genetic
diabetes and human-like vasculopathy, Reddi et al. (1975)‘
found increased activity of_giucosyltransferase and prolyl;
hydroxylase, the enzyme responsible for the conversion of
proline into hydroxyproline. Incorporation of the amino
acid glyciné into protein by the renal cortex, another stép
in the formation of basement membrane, also was increased in

the kidney cortex before the development of abnormal oral
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glucose tolerance‘test’and‘glomeru10sclerosis.' This sug-
‘gests’that’hyperglyceﬁia accelerates the formation of baée—
ment membrane materiél, but that in geneticaliy transﬁit£ed
diabetes, othér factors may play an important role. |

Lazarow. and Speidel (1964) investigated baséﬁent‘meﬁ?
brane turn-over in alloxanized‘rats by incorporaﬁion of.
labeled amino»acidé into basemeht membrane and'found.that
diabetic faps retain the labeled material for longer periods
of time. This finding suggests that decréased‘basement mem-
braneubreékdown is the mechanism responsible for basemént
membrane thickne_ss . |

4 Recehtly,‘Fushimi and Tarui (1974) studied the activity
_of the B-Nhacetylglucosaminidase_enzyme (one. of the lyso-
somal'enzymes involved iﬁ the degtadation of basement mem-
brane glycqprotein) in normal and étreptozotoéiﬁ—diabetic
rats. Eight weeks after induction~ofvhyperglycemia, the
kidney enzyme adtivitytwas‘mérkedly:decreaSed’in the diabetic
rats as cbmpared to the'dontrbls;b Acéumulation of glyco-
proteins in the kidney is cdmmonly Qbéerved-in the'diéb§tic
state. AIn‘contrast, the serumlB—Naacetylglucos@mihidaseT
activity was found tovbe-increased.-ABelfiore'at al. ﬂl972)
found the enzymé activity‘tdlbe‘incféased in serum from
diabetic patients with Vasculopathy;v They intimate that
the increased B-N-acetylglucosaminidase activity méy be‘ih‘v
response to the metabolic need of degréding glycoproteins.

These findings suggest that decreased removal of basement
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membrane also may play an important role in the pathogenesis
of the diébetic microangiopathy.

Macroangiopathy, the term applied to changes in large
and medium size arteries, is two to three times more prev-
alent in diabetics than nondiabetics. The pathogenesis
- of the macroangiopathic lesions and its relationship to the
onset of diabetes are again not clearly understood. The
association between hyperlipemia and especially of hyper-
triglyceridemia and macrovaséular disease in individuals
with and without hyperglycemia or glucqse intolerance has
been confi;med ;n a variety of pdpulation.studies (Bierman
and Bfunzell, 1978). \However, the mechahisms to account for -
this relationship have yet to be:clearly elucidated.

A working hypothesis of the pathogenesis of athero-
sclerosis consistent with a wide variety of experimental
evidence is that étheroma formation begins with "injury" to
the endothelium énd exposure of the subeﬁdothelial tissue
to increased concentrations of plasma constituents (Ross
and Glomset, 1976). Platelets adhere, form microthrombi,
and release.their'granular contents Whiﬂh, in conjunction
with dther plasma constituents including cholesterol-rich
lipoproteins (Ross and Glomset, 1973) and insulin (Stout
et al., 1975), stimulate migration and focal proliferation
of smooth muscle cells. The multipotential arterial smoofh
muscle cell is the predominate cell type in the intima and

media of large arteries and appears to play a fundamental
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role in the pathogenesis of atherosclerosis in both humans
and eéperimental animals (Ross and Glomset, 1973) . . These
cells not'only migrate into the intima and pro;iferate early
in atheroma.formatién,'perhaps as a monoclonal respbgse |
(Benditt and Benditt, 1973), but'théy accumﬁlatéAintracellué
lar lipid in the presence of increased concenﬁratiéns of
Aéxtracellulaﬁ 1ipopfotein and they deposit extracellular
‘connéctive:tiSsﬁe proteins. As the'lesidn progresses, it
is characterized by.incréased numbers of lipid-laden smoéth
muscle cells, increased connegtive}tissue.ﬁatrik, and accumu-
lation of extracellular lipid; ‘A fibrous plaque is formed
that encroaches on the lumen of. the artery"and may calcify.
_The arteryicén ultimately rupturgiwhich may legd té throm;
bosis and compiefé‘occlusion, | N

Why'should.athérosclerosis be accelerated and more
severe ih diabeﬁes? One explanatioﬁ could be that moétlof-
the risk.facfors‘(hyperglyceﬁia, hypertriglyégﬁidemia, |
hypercholesterolémia, hypertension, hypérihsuliﬁemia,7obesity,
zanq;dietary fat andncholesférol)'idenfified for athero- |
sclerosis in:.large population studies ére intensified in
>diabetes<(3ierman and Brunéell, 1978). Also, it has been
‘suggested ﬁhat genetic diabetes meliitus‘in humans represents‘
a cellular abnormality intrinsic to all cells (Goldéﬁeinh
11971; vVracko and Benditt, 1974), resulting inidecreased‘life
‘span and increased céll turnover.  If_arteria1'endothelial |

and smooth musc¢le cells are intrinsically defective in



diabetes, ﬁhen accelerated atherogenesis can be~readily
postulaﬁed on the basis of current'conceptsrof pathogenesis.

Lundback'(l976) has proposed thet'high serum levels
of growth hormone may be responsible for the vascular changes
in diabetes. The gfowth hormone hypothesis is based on the
studies by Merimee et aZ. (1970, 1973) of miero— and macro-
anglopathy in growth-hormone-deficient dwarfs with dlabetes
and in studies of the relatlonshlp between plasma growth

" hormone and retinopathy in diabetic patients (Knopf et al.,
1972; Pasa et al., 1974).

Very littlevis'known cencerning thevreaetivity of the
diabetic vasculature to vasopressor substances. Results
from the few studies which have examined the responsiveness
of diabetic blood vessels to vasoaétive substances have been
controversial. Szentivanyi and Pek (1973) found the nor-
adrenergic reactions of conjunctival vessels normally sen-
sitive only to a-antagonists to be inhibited by B-blocking
agents in diabetic patients. It has been shown that the

. blood vessels in the 1solated perfused nlndquarters of

" alloxan-induced dlabetlc rats are abnormally sen31t1ve to
the constrictor effect.of epineph:ine, norepinephrine, and
angiotensin II (Brody ahd Dixon, 1964). On the other hangd,
it has been reported that alloxan—brfstreptozotocin—induced
diabetic rats exhibit'an increased vasculariresponsiveness
to ‘infused angiotensin II but not to nqrepihephrine

tchristlieb, 1974). More recently, it has been reported
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thaf human diabetic subjects with no ciinically detéctable‘
complications respond to the same extent_as;control-patients
“to the pressor effect of angiotensin II and norepinephrine.
However, a group of diabetic patients with e&idence of reti-
nopathy were more sensitive‘to the pressor effect of angio-
tensin II and norepinephrine than the control group (Christlieb
et aZ,,.1976). The alteraﬁions noted in vascular reactivity
to various vasopressor substances in the diabetic stateAmay,_.
in part, be related to the severity of the vascular diséase}
autonomic neuropathy, or some other unknown occurrence. At
.'the:present time, insufficient data is_avéilable to COmpietely'
define véscﬁlaf rgactivity in thefdiabetié'state,

Manyifactors play a fole in the regulation of vascular - -
musclé reactivity and tone. It has been well established«
that calcium is critical for the initiation of cqntractioﬁ
in vascularvmuscle (Bohr, 1964b). - Both an intra- andiextra-
‘cellqlar source;of‘calcium'are ultimately involved in the
activation of contraction-iﬁ vascular muscle (Somylo and
‘Somylo, 1968, 1970). Agbniéts can‘modify the relationship
between calcium,and.musc;e contraction in order to alter
vascular reactivity. Hoﬁever,‘the priﬁary'source of calcium
iaffectedfis,depéndent upon the contfactile‘agonist (Hiroaké»
et aZ.,r1968; Hudginsvand Weiss, 1968; Greenberg et al.,

1973) and age of the animal (Cohen and Berkowitz, 1976).

Alloxan has been the "classical" experimental dia—

betogenic agent. More recently streptozofbciﬁ‘has~becomef



'increasingly.pqpuiar as a diabetogenic agent. Orci et al.
(1976)Ahavé'éh§wg‘by the usefbf_an‘ihdirect immunoflﬁoreéceﬁce_
technique.that‘bofh;sirepﬁdzptbcin—treatedrhypérglycemic.rats
: énd patients with chronic juvehileFtype‘diébetes mellitus
have a reduced volume density of insﬁiin#containing cells
(B—celis) in the islets of Langerhans, Whi;eAthe &olume
density of both glucagon—containing cells (a-cells) and
somatostatin~containing cells (§-cells) ié significéntly in;
creased. They also detected, in addition to thisfquantita-
tive change in the a—- and the Géceli populati¢n, a qdaiita-
vtive‘change which:consisted;ofva redistribﬁtion of thg cells
from their peripheral‘position in control isleﬁs to the more
central part of the diabetic islet, However, the topographi-
cal proximity of‘u4 and §-cells was still maintained} ‘Although.
streptpzotobin appears to be more selective iﬁ‘destroying the
B-cells of the pancreas and aésociated=with less general toxic
effects than alloxan (Arison, 1967; Junod et aZ;, 1967}-Jun0d
et qZ., 1969; Hoftiezer and Carpehtér, 1973), a”tecent stule
by Kazumi et al. (1978),showed that pancreatic islet cell
'tumérs were induced in 73% of ‘Fats surviving nine months or
longer following streptozotocin treatment? These lattér in-
vestigators' findings suggest that.pancreatic islet cell
tumors induced by streptozotocin are insulin—secretiﬁg, and’ |
that streptozotocin has oncogenic effects on thé rat pancreas.
The present studies were undertaken to more clea;ly

define vascular reactivity in the diabetic state. Initial
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attempts to elucidate the mechanism,of altered reactivity-
- . were also undertakén, The streptozotocin—indﬁced diabetic
rat was used és the experimehtal animal hodel-and vascular
reactivity was méasured,in the thoracic aorta of the dia-
betic rat. Caution must bé‘éxercised in comparihglany» 
animal model to the full syndrome of clinical diabeteslin-
humans. Caution also must be éxeréisédnin extrééolating
informatioﬁ gained in the’ﬁhoracic aorta to oéhé# areas of

the arterial tree.



MATERIALS AND METHODS |

A. Experimental Animals, Animal Care, and Housing

Male Holtzmén albino rats (Holtzmén Laboratories,
Madison, WI) were used in the reported studies. The..ra'ts~
were housed individually in the environmentally controlled
vivarium facilities of the Medical College.of'Georgiaiand
maintained on a normal laboratory diet of Wayne Lab Biox.
All rats were fed aﬁd'watered.ad libitum. The birth date
and body weight of each animal were recorded on the arrival

~ date.

B. Solutions
1. Ortho-Toluidine‘Glﬁcose Determinatipn.sblutions
a. Glucose "Stock" Standard Solution
*Gludose stock sténdard solution consisted -
bf lO.mg anhydroué dextrose per,mlIOf an.équeous
0.1% benzoic acid SOIPtidn: This.solution is
stableffoﬁ three years or longer when stored
at =20°C. e
b. Glucose "Dilute" Standafd Solutions
Solutions of 50, 100, 150,V200, 250, and 300
mg per deciliter glucose were prepared from ﬁheA
stock standard solution. First the stock solu;

tion was brought to 25°C, then measured, and

diluted with 0.1% benzoic acid to the volumes

11 -
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indicated in Table 1. These solutions remain
stable for several months when stored at 4°C.
Protein Precipitation Reagent

Trichloroacetic acid (CCl3COOH) in a concén—
trafion of 3.0% w/v was used to precipitate serum
protein. This solution is stable indefinitely at
room temperature.

Color Reaéent
The ortho—toluidine/reagent,(Sigma) used in

the glucose determination consisted of a dilution

"of 6% (v/v) ortho-toluidine iﬁ glacial acetic

acid containing thiourea.

2. Histological Solutions

a.

Bouin's Fixative Fluid

‘Bouin's fluid, which was used as a tissue fixa-
tive, consisted.of‘the following ingredients:
picri; acid (saturated aqueous soluﬁioﬁ), 75 ml;
formalin, 25 ﬁl;"and glécial acetid;acid, 5lml,
Mayer's Hematoxylin Stain o

’Mayer's hematoxylinvstaiﬁ,«wﬂich was used as

a powerful nuclear stain, was composed’of the

~following constituents:Vﬁematoxylin crystals,
1.0 gm; distilled water, 1000.0 ml;,sodium.iodate,

©0.2 gm; ammonium alum, 50.0 gm; citric acid, 1.0 f'

gm; and chloral hydrate, 50.0 gm.
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TABLE 1

Glucose Dilute Standard Solutions

M1 Glucose , Total Volume Final Glucose.
Stock (Dilute with 0.1% ‘Concehntration
(10 mg/ml) Benzoic Acid) (mg/deciliter)
5 : 100 50
5 50 | 100
15 100 150
10 50 200‘
25 ’ 100 | 250

15 50 300
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c. "Stock" Alccholic Eosin Stain (1g) -

The 1% stock’éléoh@lic eosin stain was pre-
»pared by.dissolving 1.0 gm of‘eqsin‘Y (water
soluble) in 20.0 ml of distilled water and
then adding 80.0 ml of 95% alcohol.

d. "Working" Eosin Stain
The working eosin stain solutibn,.which was
used as a counterstain for the hematoxylin stain,
was composed of one part of éosin stock solution |
and three parts of 80% alcohol with 0.5 ml of
glacial acetic acid added to each 100 mlef.stain
 solution.just befofe use.
3. Organ Bath Solutions
a.'CaC12<(2.50 mM) Organ Bath Sélution
The composition of the éolutibnvcontaining
2.50 mM CaClz'used in the organ,bath procedureé
is given in Tahlé’Z.

b. Altered CaCl Organ Bath Solutions

2
The altered CaCl2 organ bath solutions were’
prepared by a substitution of either 0.20, O;4Qf

for 2.50 mM CaCl, in the solu-

or 0.80 mM CaCl 5

2
tion formulated from Table 2.
4. Efflux Solutions |
a. CaCl, (2.50 mM) E£flux Solution
This 2.50 mﬁ CacCl, solution was identical to

solution 3a above.



TABLE 2

CaCl, (2.50 mM) Organ Bath Solution Formula

Constituents '_ mM/Liter
NaCl~ 122
KC1l 4.73
NaHCO3 15.5
KH2P04 1.19
MgC12 1.19
Can2 2.5
Glucose - 11.5

Ca-EDTA . 0.026

Na,
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b. CaClz—Free Efflux Solution

The 0 mM-CaCl2 solution was prepared by an
omission of CaCl2 from the 2.5 mM CaCl2 efflux
solution.

c. CaClz—Free Plus Ethyleneglycol Tetraacetic Acid
(EGTA) Solution
The 0 mM—CaC]..2 plus EGTA solution was pre-
pared by an omission of Caci2 from, and an addi-

tion of EGTA (0.01 mM) to the 2.5 mM CaCl2 efflux

experiment solution.

C. Experimental Procedures

1. Induction of Experimental Diabetes
Diabetes was chemically induced with strepto-

zotocin (Upjohn) in 42 to 43 day 0ld male rats.

' The animals received a single I.V.tinjection of

65 mg/kg streptozotocin which was dissolved in

- saline acidified to pH 4.5 with citrate:. Rats
which were used as control animals were of the

same sex and age and were injected with the wvehicle
(acidified saline.SOlutionj; In addition, a series
of control rats (age and sex matched) which received
no type of injection were used. Preliminary results
indicated no difference between the control group

of rats which received an I.V. injection of the
vehicle and the control rats which received no in-
jection. Therefore, only the results obtained with

the control group which received an I.V. injection
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of the acidified saline solution are reported in
the studies.

Determination of Hyperglycemia

Diabetes was judged by the classical.criterion
of hyperglycemia. The serum glucose level in each
non—fasted animal was measured by the o-toluidine
method (Dubowski, 1962) at the time of sacrifice.
This method, based upon the condensation of glucose
with primary aromatic amines in glacial acetic
acid, is specific for aldohexoses. TheAreactiop
becomes essentially an equilibrium mixture of glyco-

sylamine and the corresponding Schiff base. Since

yglucése is the predominantly abundant aldohexose

in blood, the method is suitable»for the measure-
ment of glucose levels. |
Histological Procedures

The rats were sécrificed by decapitation 31 weeks
after injedtion. Samples of pancreas were removed
fromAdiabétic and control rats. These samplés were
theﬁ fixed in Bouin's solution, embedded. in paraffin,
stained with Mayet's hematoxylin, and counterstained
with alcoholic eosin (Luné, 1968).
Organ Bath.Procedures.
a. Isolation of Aorta Vascular Tissue

The rats were sacrificed by decapitation either

14-20 or 28-35 days after injection. A section of
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the thoracic aorta between the aortic arch and
the diaphram was removed and placed in én oxy-
genaéed bathing solution. The aortae were
cleaned of all excess fat and coﬁnective tis-
sue and cut into.O.S'cm rings. Only one aorﬁic |
ring was used from each animal. The vessels
wére placed on the tips of two 30_géuge stainless
steel hypodermic needles which were bent into an
L-shape. The needles then were separéted so tﬁaév
the lower one was attached to a statibnéry glass
rod and’the'upper'one was attached to a Grass
FT-03 force—displacement transducer.  Thisp;oce—
dure for ring preparation of blood veséels hask
been describea by Hooker et al. (1977). isome—
tric contractions were recorded“wiﬁh a Beckman
Type R411 dynograph.

‘Vessels were mounted in orgén baths contaiﬁing»
the 2.50 mMCaCl2 organ bath solution (Table 2).
Tissue bath solutions were oxygenated continuously
(97% 02-3% Co,) and maintained at a constant’ temper-
ature of 37°C. The muscle preparations were eéuili—
brated for 90 min under a resting force of 2 g.
‘During thé equilibratidn‘period'the fissues were
washed with fresh oxygenated solution every 30 min

to prevent the accumulation of metabolic
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endeproducts which have been shown to produce
differential effects on dfug induced contrac=
tions (Altura and Altura, 1970).

b. .Protocol for Experiments Using‘Norepinephrine
(NE) as Contractile Agonist
(1) Concentration-Effect Experiments
At the end of the iniﬁial equilibration
period, a coneentration effect relationship
in 2.5 mM ca®”" organ bath solution was ob-
tained for NE in the following four differ-
ent groups of isolated aortic rings:
(a) from rats 14-20 days after vehicle injec-
tion (control),
(b) from rats 14-20 days after streptozotocin
injection (diabetic),
(c) from rats 28=-35 days after vehicle injec-
tion (control),
(d) from rats 28-35 daye after streptozotocin
injection (diabeﬁic).

Contractiie responses to increasing con-
centrations of NE were obtained by a'cuﬁula-»
tive increase in the total concentration of
NE in the bath. The tissue was allowed to be
in contact with NE for 2 min before each suc-

cessive concentration of NE was added.’ The
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concehtration range of NE employed was

-10 6

1 x 10 M to 3 x 10”° M. - After the com-

pletion of thé first concentration-effect’
cufve, which was perﬁormed in 2.50 mM Ca++;
the medium was replaced with one ofié dif; 
ferent ca'? con;ehtration; Theiﬁiésues werev

washed two times athSVminfintervals for 30

‘'min and then allowed'toﬁre-equilibrate for

30 min in the altered ca™ solution before

the NE concentration-effect curve was obtained.

again. The sequence of the different ca™™t

cbncentrations used-were-2.50 mM{ 0.20 mM,

0.40 mM, and 0.80 mM Ca’’. For all the dif-
ferent C‘a++ concéntratidnsvused, the cdmpleté
concentration-effect curve for NE was deter;
mined on the aiffereht groups of'tissues. 
Protocol for Experiments Using Potassium
Chloride (ﬁCl) as Contractile Agonist
(1) Concentration-Effect Experlments
At the end of the initial equlllbratlon
period, a concentrationfeffect relation-
ship in 2.5 mM Ca++vorgan bath solution
was obtained for KCl in the folloﬁing,'

four different groups of isolated aortic

rings:
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(a) from rats 14-20 days after vehicle
injection (control),

(b) from rats 14-20 days after strepto-
zotocin injection (diabetic), |

(c) from rats 28-35 days after thicle
iﬁjection-(control),

(d) from rats 28-35 daysAaftér strepto-
zotocin injection (diabetic).
Contractile reéponses to increasing

concentrations of KCl were obtained by a

'cumdlative increése‘in the total concen-

tration of KCl in the bath. The tissue

was allowed to be in contact with KCl for

2 min before each successive;concéntration

of 'KC1 was added. The'bonceﬁtfation range

3 M to 1l x 10_l

of KCl employea was- 1 x 10~
M.

After the completion of the first con-
centration effect curve, which was per-
formed in 2.50 mM Ca++, the medium was re-
placed with one of 0.20 mM ca*t concentra-
tion. The tissues were washed two times
at 15 min intervals for 30 min and then

allowed toO re-equilibrate for 30 min in

the 0.20 mM Ca++ solution before the KC1l
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concentration-effect curve was 6btaihed
again. For both the 2.50 mM and 0.20 mM
Ca++ concentrations used, the complete |
concentration-effect curve for KCl was
determined on the different groups of tis-
sues.

d. Protocol for Experiments Using Serotonih
(5~HT) as Contractile Agonist |
(1) Concentration-Effect Experiments
At the end of the initial equili—\
bration period, a concentration-effect
relationship in 2.50 mM catt organ
bath solution for S—Hwaas obtained in
the following four different groups of
isolated aortic rings:
(a) from rats 14-20 days after vehicle
injection:(control),
(b)'ffom ratsul4420 daYs'after strepto-
zotocin,injection (diabetic),
(c) from rats 28-35 days after vehicie
injection (control),
(d) from rats 28-35;da95 after strepto-
zotocin.injection (diabetic).
Contractile responses to in-
creasing concentrations of 5-HT weré

obtained by a cumulative increase in
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the total concentration of 5-HT in
the bath. The tissue was allowed to
be in contact with 5-HT for 2 min
before each successive concentration‘.
of 5-HT was added. .The concentration

range of 5-HT employed was 1 x 1077 u

to 3 x 1074 M.

After the completion of the first
concentration-effect curve, which was
performed in 2.Sd mM catt, ﬁhe medium
was replaced with one‘of‘0.20 mM catt
concentration. The tissues were washed
two times at 15 min_iﬂtervals for 30
min and then allowed to re-equilibrate
for 30 min in the 0.20 mM Ca'' solu-

tion before the 5-HT concentration-

effect curve was obtained again. For

both the 2.50 mM and 0.20 mM catt con-

centrationS«used, the complete
concentration-effect curve for S—ET
was determined on the different groups
of tissues. -
Serotonin-in&uced Contraction, Isbpro—
terenol-Induced Relaxation Experiments
At.the end of the initial eqﬁili-

bration period, the tissues were bathed
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in a 2.50 mM ca’t organ bath solution

containing pﬁentolamineh(PA)'(1.57 X

10-.6 M), an o-receptor blocking agent,

for 1 hr. Since Fleisch and Hooker

(1976) reported1the best relaxation

obtained in the normal rat thoracic

aortae was after a serotonin-induced
contraction (EC85) the tissues then
were contracted with 5-HT (EC85) and

a concentration-relaxant effect rela-

tionship in the 2.50 mM‘Ca++‘plus PA

solution was obtained for isoproterenpi

(ISO) in the following two groups of

isolated aorticvrings:

-(a) from fats 28-35 dayé after vehicle
injection (control),

(b)'froﬁ rats 28-35 days after strepto-
zotocin ihjection (diabetic) .
Relaxant responses to increasing

concentrations of ISO were obtained~by

a cumulative increase in the total éon-

centration of ISO in the bath after

the tissues first had been contracted

with 5-HT. The tissue was allowed to

be in contact with ISO for 2 min be-

fore each successive concentration of



ISO was added. The concentration

range of ISO employed was 1 x lO-lo

Mto 1 x 107° M.
e. Protocol for Experiments Using Phényl—
ephrine (PE) was Contraétile Agonist
(1) Concentration—EffectiExperiments.in
2.50 mM Ca++ Eefore and After a-
Receptor Blockade with Phenéolamine
At the end of the initial equili-
bration périod,>a,concentration—effect
relationship in 2.50 mM ca™t organ
bath solution for PE was obtained in
the following two different groups of
isolated aortic rings:

(a) from rats 28-35 days after vehicle
injection (contfol),

(b) from rats 28-35 days after strepto-
zotocin injection (diabetic).
Contractile responses to increasing

concentrations of PE were obtained by

a cumulative increase in the total con-

centration of PE in the bath. The tis-

sue was allowed to be in ¢ontact with

PE for 2 min before each sucéessive

concentration of PE was added. The

concentration range of PE employed was

10 5

4.9 x 100" M to 1.5 x 10 > M.
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After the'completibn of the first
concentfation—effect cufye, which was
performed in 2.50 mM Ca++, the tissues
were washed two times at 15 min inter-
vals for 30 min. The medium then was
replaced with oné‘of 2.5 mM Ca++ con-

6 M), an o-

taining PA (1.57 x 10
receptor blocking égent. The tissues
were allowed to re—eqﬁilibrate for 60
min in the solution containing PA be-
fore thé PE concentration-effect curve
'.was‘dbtainéd>again.

The_affinity.coﬁstant (pDz) for PE
was célculated from the concentration-
effect cﬁfve as described by Vén Rossum
(1963).» The PD, value is'a direct
»measure,of the affinity of the agonist,
PE, for the recéptor. The affinity
(pAz) of the coméetitive antagonist,
PA, also was caiculated'according to
the procedure of Van Rossum (1963).

The pA value'is‘related to the nega-

2
tive logarithm of the molar concentra-
tion of the competitive antagonist

which causes a shift of the control
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cOncehtration—effect curve for the
agonist by a factor of 2.
Concentration-Effect Experiments in
0.20 mM Ca++ Before and After a-
Receptor Blockade with Phehtolamine

At the end of the initial equili-
bration period, a concentration-effect
relationship in 0.20 mM ca’ ™’ organ
bath solution was obtainéd for PE in
the following two differeﬁt groups of
aortic rings:

(a) from rats 14420 days after vehicle
injection (control), .
(b) from rats 14-20 days after strepto-
| zotocin injection (diabetic).
Contractile responses to increasing
concentrations of PE were ocbtained by.
a cumulative increase in ‘the total con-
centration of PE in the bath. The tis-
sue was aliowed to be in contact with
PE for 2 min‘béfoxe each successive
concentration of PE wasuadded; Thé
conéentratign rangevof PE employed was
4.9 x 10710 M to 1.5 x 1077 m. |
After the completion of the firét

concentration-effect curve, which was
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. ++ .
performed in 0.20 mM Ca , the tis-
sues were washed two times at 15 min
intervals for 30 min. The medium was
then replaced with one of 0.20 mM

 w,

ca™t containing PA (1.57 x 10~
an a-receptor blocking agent. The
tissues were allowed to re-equilibrate
for 60 min in the solution contéining
PA before the PE concentraﬁion—effect'
cﬁrve was obtained agéin.

The pDZ value for PE and the pA,
value for PA were calculated. from the
concentration-effect curves by the pro-
cedures of Van Rossum (1963).

5. 45CaEfflux Experiments

a. Isolation of Aorta Vascular Tissue

The rats were sacrificed by decapitatidn 28-35
days after injection. A section of the thoracic
aorta between the aortic arch and the diaphram
was removed .and pléced in an oxygenated bathing
solution. The aortae were cleaned of all excess
fat'and connective tissue and cut into 0.5 cmk
rinés; Only one aortic ring was used from each
animal. A 2 g weight was tied on each ring and
the rings were suspended in a 2.50 mM ca'?’ concen-

tration solution. All tissue bath solutions were
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oxygenated continuously (97%'02—3% COZ) and
maintained at a constant temperature of 37°C.
The muscle preparations were equilibrated for
90 min in 2.50 mM catt efflux solution. During
the equilibration period the tissues were trans-
ferred to a fresh 6xygenatéd solution every 30
min to pfevént the accumulation of metabolic
end-products.
45Ca Loading and Effluk

At the end of the 90 min_initial equilibra- -

tion period the aortae were placed in a o-cat?t

solution with added 45Ca++'

(0.08-0.57 uM Ca' ",
specific éctivity 0.26 uCi/ml), where they re~-
mained for a 60 min loading period. To prevent
thé accumulation oflmetabolic-end-products dur-
ing the loading period, the tissues were trans-
ferred to a fresh oxygenated solution 30 min
after being'placed in the solution;. After the
60 min loading periéd, the aortae were dipped.
rapidly two times in a o-ca’t solution and then
transﬁerred to tubes containing 3 ml of an:
aerated noﬁradibacti&e o-catt plﬁS.EGTA solution
such that the tissues entered a tube containing _
fresh o-ca*t* plus EGTA solution every 2 min for
60 min. The O-ca'™ plus EGTA solﬁtion'was.uti—
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lized to minimize the effects of Ca++ re-uptake-
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(Goodman and Weiss, 1971; Goodman et al., 1972)
on the loss of 45Ca++,and, in this manner,
accentuate net efflux.

On the complefion of the washout, each muscle
was blotted lightly and placed in 1 ml of
Soluene-100 (Packard) to solubilize the tissue.
Aliguots of 0.1l ml were removed from each of the
washout tubes. The solubilized tiésue sample and
each of the 30 aliquots for each tissue were
diluted with‘lo ml of Dimilume-30 (Packard) and
radioactivity determined on a Packard Tri-Carb
liquid‘scintillation spectrophotometer.

Washout data were expressed as the percentage
of radioactivity remaining in the muscle afEer
each 2 min interval and were plotted as desatura-

'tién curves (Bianchi, 1965; Weiss, 1966).

6. Body Weiqht and Heart Weight Experiments

The‘rats were weighed4and sacrificéd'by decapi-
tation either 14-20 or 28-35 déys after injection.
The heart was removed and wet weights obtained for
+the whole héart, the*right ventricle, and the left
véntricle. After drying in a Thelco drying oven
to a stable weight, dry weightSawere determined
for the two atria, the right ventricle, and the
left ventricie. Calculated heart dry weight was

obtained by the addition of the dry weights of the
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two atrié, the right ventricle, and the left

ventricle.

"D. Drug and Isotope Sources

The following drugs and isotope were used in these
reported.studies:‘stteptozotocin (Upjohn, Kalamazoo, MI);,
l-horepinephrine bitartrate, serotonin créatininé suifate,
l-phenylephrine hydrochloride, and ethyleneglycol-bis (B~
aminoethyl ether)N,N'-tetraacetic acid (Sigma, St. Louis,.
MO) ; phentolamine hydrochloride (Ciba Pharmaceutical, Sum-
mit, NJ); calcium chloride dihydrate and potassium chloride

45

" (Fisher Scientific, Fairlawn, NJ); and Ca (New England

Nuclear, Boston, MA).

E. Statistical Analysis

The results Qf the control and experimental groups
were compared by the Student's t-test for unpaired data.
Results within each group obtained by varying the calcium
concentration were compared by the Student's.tftést for
paired data. Result§ of control groués in response to
differenﬁ drugs were compared by a one-way ;nalysis of
variance (énova). A one-way anova was also used to com-
pare the results of diabetic groups in respénse‘to'differA
'ent drugs. . A two-way anova was used to analyzé the re-
sponse of both control and‘diabeiicrgroups to different

drugs. The Student-Newman-Keuls (SNK) procedure was -used



to measure diffe
different drugs.
as a significaﬁt
culaﬁed from the

and expressed as

F. Abbreviations
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rences among the‘means of responses to
A é—value of less than 0.05 was accepted .
-difference. The EC50 values were calf
cumuiétive concentration—effeét curves

the log EC50 (Fleming et al., 1972).

and Symbols

The following abbreviations and symbols are being

used throughout

this dissertation:

NE - norepinephrine

KC1l - potassium chloride

5=-HT - S5~hydroxytryptamine (serotonin)
PE - phenylephrine

PA - phentolamine

IS0 - isoproterenol

EDTA ~ ethylenediamine tetraacetic acid
EGTA - ethyleneglycol tetraacetic acid
min - minute

hr - hour

o . - alpha

B - beta

s - delta

g - gfam

ml - milliliter

cm = _.centimeter

°cC ~ degrees of temperature

0P
|

percent



w/v

v/v

Lv

PD,
PA
Wt.

weight/volume

volume/volume

micromolar (michmoles/liter)¢
millimolar (millimoles/liter)
molar (moles/liter)

intravenous

median dose (effective concentration 50)

effective concentration 85
standard'efror of the mean

analysis of variance

Student-Newman-Keuls

right ventricle
left ventricle

affinity constant for agonist

:affinity constant for competitive antagonist

- weight
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RESULTS

A. Serum Glucose Levels in Diabetic (Streptozotocin Injected)

and Control (Véhicle Injected) Rats

The serum glucose 1evél in each non-fasted animal wés-
measured by tbe o~toluidine method (Dubowéki, 1962) at the
time of sacrifice. The serum glucose ievel wasvsignifif
Eantly elevated as early as 24 hrs folléwihg the singlé in-
jection of stregﬁozotocih.(GS mg/kg). Blood glucosé leveis

were 400 mg% or greater for the streptozotocin injected

rats compared to a mean of 148 mg% for the control animals.

B. Histological Examination of PancreaticiTissue Obtained

from DiabetiC’(Streptozotocin’InjeCted)vand Control

(Vehicle Injected) Rats v

Examination of pancreatic tissue from 37 week old
rats which had been diabetié-for 31 weeks reVealed‘almest.
‘complete disappeérance of the cells of the iélet of Langer-
hans which could be.observed in pancreatic tisSue_from

control rats of the same age (Figures 1-4).

C. Contractile Responses of Aortae Obtained from Diabetic

(Streptozotocin Injected) and Control (Vehicle Injected)

Rats to Contractile Agonists

1. Contractile Responses to Norepinephrine

+

a. Contractile Responses in 2.50-mM'Ca+ which Were

Obtained from Rats 14-20 Days following Injection.
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Figure 1. Light micrograph: Low magnification of
pancreatic tissue obtained from a 37 week old
control rat ' -

The arrows indicate. islets of L'angerhans'

which are irregularly scattered among
numerous serous glandular acini. Hema-
toxylin and Eosin, X100. '
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Figure 2.  Light micrograph: Low magnification of
pancreatic tissue obtained from a 37 week old
-rat which had been diabetic for 31 weeks

The arrows indicate islets of Langerhans
"which appear to be greatly decreased in
volume. Hematoxylin and Eosin, X100..
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‘Figure 3. [Light micrograph: Higher magnification of
. pancreatic tissue obtained from a 37 week old
eontrol rat :

The arrows indicate the islets of Langer-
hans which are irregularly scattered among
numerous serous glandular acini. Hema-
toxylin and Eosin, X400.
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Figure 4. Light micrograph: Higher magnification of
pancreatic tissue obtained from a 37 week old
rat which had been diabetic for 31 weéks

‘The arrow indicates an islet of Langer-
hans which appears to be greatly de-
creased in volume. Hematoxylin and:
Eosin, X400.

\
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Isolated aortic rings from control and

diabetic rats contracted in response to NE

over the concentration range of 1 x 10_10 M

6

to 3 x 107 M in 2.50 mM ca’t. aAs illus-

" trated in panel D of Figure 5 and in Figure 6,

there was no significant difference in the
sensitivity of the diabetic rings (14520 days)
in fesponse to NE when compared to the sen-
sitivity;of the contrbl riﬁgs. The calculated.
mean log EC50 values were nbt significantly
different in 2.50 mM Ca++'(Figure 6). In
addition the maximum contractile force (mg
force/mg tissue) deveioped,in response to NE
by the diabetic'aortae was not significantly
different from the maximum contractile force
developed by the control aortae in the presence
of 2.50 mM Ca' ' (Figure 7). |
Contractile Responses in Altered Extracellular
ca’t Concéntration which Were Obtained from
Rats 14-20 Days following Injectien

Panels A, B, and C Qf Figure 5 illustrate
the concentration—efféct curves for NE in con-
trol and diabetic aortae (14-20 days) in the
presehce of 90.20, 0.40, and 0.80 mM Ca++; The
diabetic aortae werelsupersensitiVe to NE when

++ .
the extracellular Ca concentration was



Figure 5. Norepinephrine concentration-effect curves
~of aortae from rats diabetic for 14-20 days and
corresponding age-matched control rats in the
presence of different extermal Ca'' concentra-
tions (0.20, 0.40, 0.80, and 2.50 mM)

Panels A, B, C, and D correspond to.
concentration-effect curves for NE in
the presence of 0.20, 0.40, 0.80, and
2.50 mM Ca ', respectively. Each point
represents the mean of 6-9 different
aortic rings. The vertical bars repre-
sent the. standard error of the mean
(S.E.M.).

* Denotes significant difference at
least at the p < 0.05 level from
control aortae. :



o—o CONTROL

o—s DIABETIC (14-20days)

NE(M)

Q

i0°

108

© 0 00 Q0 O 0 Q O

0 90 0 0.0.0 Q © O O

NE(M)

45

gmchwmvn._ugo C d ® K o v ¢ m & —
NOILOVHLINOD -WNNIXYN LN3OH3d NOILOVHINOD WNWIXVYN LN3043d

© 0O 000 O Q © o &
m» O~ ©® N T M N -

O 0 00 0Q 0Q © 0 O
QO’QNQOIOQ'IO -

1001

NOILOVYLNOD WNWIXVW LIN3D¥3d -  NOILOVMLINOD WNNWIXVYIW LN3Od3d

NE (M),



Figure 6. Mean log EC50 for norepinephrine determined
in aortae from rats diabetic for 14-20 days and
corresponding age-matched control rats in the
presence of different external Cat™ concentra-
tions (0.20, 0.40, 0.80, and 2.50 mM)

Each point represents the mean of 6-9
different aortic rings. The vertical
bars represent the S.E.M.

* Denotes significant difference at
least at the p < 0.05 level from

control aortae.



47

(WW) WNIOTVD
G2

80

020 O

(skop0z-¥1) O1L3GVIQ *+—
. JO4LNOD o—o

L 06 -

lss-

Q .
00)
'

wn
-
}

. g'9-

-0/ -

- 0603 907



Figure 7. Maximum contractile force (mg foree/mg tissue)
in response to norepinephrine determined in aortae
from rats diabetic for 14-20 days and corresponding

age-matched control rats in the presence of différ;
ent external Ca ' concentrations (0.20, 0.40, 0.80,
and 2.50 i) - |

Each bar represents the mean of 6-9 different
aortic rings. The vertical lines represent
the S.E.M. There was no significant differ-
ence between diabetic and control tissues.
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reduced. This was evident by the significant
(p < 0.05) decrease in the log EC50 values for
aortae from the diabetic rats (Figure 6). 1In

the pfeéence of 0.20 mM Ca++

the log ECSQ of
the diabetic tissues was_7;54 + 0.05 compared
to a'ldg.EC50>of:—7.27 + 0.08 for the control
‘tissﬁes_ in the-presénce'of‘0.40 mM Ca++'the:
log EC50 of the diabétic tissues was -7.68 +
0.05 compared to a log EC50 of -7.42 + 0.10

for the céntrol'tiSSues’and in the presence of .

0.80 mM ca’t

the diébétic tissue log EC50 was
-7.93 + 0.06vcompared to a log EC50 of =7.67 +
0.09 for the control tissue. vThe maximum con=-.
tractile force developed by the 14-20 day dia-
betic éortae'in response to NE was not signifi-
cantly,differeﬁt_from control aortae in the
preséncé of 0.20, 0.40, and 0.80 mM Ca++, as was
the case in 2.50 mM ca’ " (Figure 7).
Contractile Responses'inVZ.SO mM Ca++ and in
Alteied Extracellular Ca.++ anéentration which
Were Obtaihed 28—35'Day5-folléwing Injection
Figure 8 illﬁstrateSAthe~concentration—effect
Acurveé for NE from control and diabetic-aortae
(28-35 days) in the presence of 0.20, 0.40, 0.80,
and 2.50‘mM Ca++. Thé determined log EC50 values

for NE of the diabetic aortae (28~35 days) in
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the presence of the various extracellular Ca+

53
+
concentrations were not significantly differ-
ent from the values of the corresponding age-
matched control aortae (Figure 9). Rats which
were diabetic for 28-35 days did not show an
increase in sensitivity to NE in the presence
of 2.50 mM or an altered level of extracellular
ca™ concentration. When the response to NE,
however, was expressed in terms of force de-
velopéd by the aortae, the 28335 day diabétic
aértae developed a significantiy greater force
in response to the neurotransmitﬁer than the
control aortae. Figure 10 illustrates the maxi-
mum force developed bf the contfol and diabetic
(28-35 days) aortae in response to NE in the
presence of wvarious exfernal Ca++'concentfations,
Both 'in the presence of 2.50 mM and altered-
(0..20, 0.40, 0.80 mM) extracellular Ca++ con-
centration, the maximum contractile force de-
veloped to NE was significantly (p f_QJOé)
greater in the 28-35 day diabetic aortae than
in the cdrresponding control tissues.
Maximum Contractile Response as a Function of
Age and Duration of Diabetes

Since all rats were 42-43 days old at the

time of injection, they were either 8 to 9 weeks



FPigure 9. Mean log EC50 for norepinephrine determined in
aortae from rats diabetic for 28-35 days and cor-
responding age-matched control rats in the presence
of different external Ca®™ concentrations (0.20,
0.40, 0.80, and 2.50 mM)

Each point represents the mean of 8-9 dif-
ferent aortic rings. The vertical bars
represent the S.E.M. There was no signifi-
cant difference between diabetic and con-
trol tissues.

.....



55

(WW)WNIOTVO

G'e

80

Y020

(sAopge-82) 01138VIQ *—*
041NOD 0—o

loe-

LG8 -

lg2-

LG'O-

0623 901

L0 -



Figure 10. . Maximum contractile force (mg force/mg tissue)
in response to norepinephrine determined in aortae
from rats diabetic for 28-35 days and corresponding
age-matched control rats in the presence of differ-
ent external Ca'™ concentrations (0.20,. 0.40, 0.80,
and 2.50 mM)

Each bar represents the mean of 8-9 differ-
ent aortic rings. The vertical lines repre-
sent the S.E.M. '

* Denotes significant difference at least
at the p < 0.05 level from control
aortae.
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old or 10 to ll weeks old at the time of the
‘ experlment. Flgure ll 1llustrates the max1mum
force developed 1n~response tO“NE-for both age
groups of the control and dlabetlc tissue in
the presence of dlfferent extracellular Ca'+l
cOncentratlons. There was a tendency for the
older:§r0u§ of control aortae to develop a
'greater‘degree of contractile force than the
younger~grou§ in each of the different Ca++J
mediums. However; the difference between the
two age groups of control'tissue,wasvnot
'significant. In contrast'tO‘the}control tis—
sUés; there was a significant difference,betWeen
the‘maximum response to NE developed by the two
groups.of diabetic tissues; aortae from the:
older aiabetic rats-developed,a significantly
greater‘degreerof force than aortae-from the
younger diabetic*rats at each of the different
external ca™t concentrations.

cWhen the maximum contraction in response to
NE in 2.50 mM external_ca++‘was_compared to the
maximum contraction obtained fromlthe same’tise
sue in 0.20 mM external,CaT+, a significant
decrease was detected«in the control rats (8—9
weeks old and lO-llcweeks 0ld) and in the younger .

diabetic rats (8-9 weeks old). ‘The older



Figure 1l. Maximum contractile response to norepinephrine
in control and diabetic aortae as a function of age
and duration of diabetes in the presence of various
external Ca't concentrations (0.20, 0.40, 0.80, and
2.50 mM)

Each point represents the mean of 6-9 differ-
ent aortic rings. The vertical bars represent
the S.E.M. '

* Denotes significant difference at least
at the p < 0.05 level between the two
age groups.

** Denotes significant difference at least
at the p < 0.05 level between the re-
sponse of a tissue in 2.50 mM Catt and
the response of that same tissue in. a
lowered Catt concentration.
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diabetic rats (10-11 weeks o0ld) exhibited a. |
greater dependency on extracellular calcium as
demonstrated by the significant‘decrease in con-
tractile force development both in 0.40 and in

0.20 mM Ca’t when compared to 2.50 mM Ca' .

2. Contractilé Responses to Pota;sium Chloride
a. Contractile Responses in .2.50 mM cat® which
Were Obtained from Rats 14-20 Days following
Injection
Isolated aorti¢ rings from control and dia-

betic. rats contracted in response to KCl over

3 1

the concenfration range of 1 x 10°° M to 1 x 10
M in 2.50 mM Ca''. As demonstrated in Figure
12, the diabetic rings (14-20 days) were signifi-
cantly subsensitive in response to KCl when com-
pared to the control rings. 7The log EC50 value
fot the diabetic tissues was -1.78 i 0.04 com-
pared to a log EC50 value of -1.93 + 0.03 for

the contfol tissues. The maximum contractile
force developed by the 14-20 day diabetic aortae
in response to KCl was not significantly differ-a
ent from the maximuﬁ contractile force developed

by the control aortae in 2.50 mM Ca' ' concen-

tration (Figure 13).



Figure 12. Potassium chloride concentration-effect curves
of aortae from rats diabetic for 14-20 days and cor-
responding age-matched control rats in the presence of
2.50 mM external Ca'™ concentration

Each point represents the mean of 7-8 differ-
ent aortic rings. The vertical bars represent
the S.E.M. ‘

* Denotes significant difference at. least
at the p < 0.05 level from control aortae.
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Figure 13. Maximum contractile force (mg force/mg tissue) .
in response to potassium chloride determined in
aortae from rats diabetic for 14-20 days and cor-
responding age-matched control ratsg,in the presence
of 0.20 md and 2.50 mM external Ca' ' concentrations

Each bar represents the mean of 7-8 differ-
ent aortic rings. The vertical lines repre-
sent the S.E.M. There was no significant

difference between' diabetic and control tis-
sues. '
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Cbntracﬁile Responses in 0.20 mM Extracellular
Ca+f Concentration which Were Obtained from
Rats 14-20 Days following Injection

Figure 14 illustrates’the'éonéentration—
effect cur&es for KCl in control and'diabetic
(14—20 days) aortaé in the presence of'OFZQ mM
ca®™. There was no significant differenéé in
the sensitivity'of the diabetic~rings (14-20
days) in responsé;to KC1 when compared to the
sensitivity of thé;control rings. Also,‘the
maximum contraCtile‘forée (mgjforce/mg tissue)
developed in respéhse to KC1l by tﬁe diébétic
. tissue was<not:significantly differentwfrom
the fbrce’developea by'the~cbntrol tissue in
the presence of 0.20 mM catt (Figure 13).
Cbntnactile Responses in 2.50 mM Ca’ ' .which
Were Obtained from Rats 28-35;Days following
Injéction H

The concentration—effect.curves of'FigﬁreAlS
demonstraﬁe that there was a significant differ=-.
ence in the sensitivity of the diabetic aortae
(28—35 days) in response to KCl when compared:
to the sensitivity of the control aortae.-. The
diabetic aortae were subsensitive as indicatea
by a log EC50 of -1.70 + 0.03 for the diabetic

tissues and a log EC50 of -1.80 + 0.03 for the



Figure 1l4. Potassium chloride concentration-effect curves
of aortae from rats diabetic for 14-20 days and cor-
responding age-matched control rats in the presence
of 0.20 mM external Ca’™ concentration

Each point represents the mean of 7-8 differ-
ent aortic rings. The vertical bars represent
the S.E.M. There was no significant difference
between diabetic and control tissues.

\
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Figure 15. Potassium chloride concentration-effect
curves of aortae from vats diabetic for 28-35 days
and corresponding age-matched control rats in the
presence of 2.50 mM external Ca'™ concentration

Each point represents the mean of 9-10 dif-
ferent aortic rings. The vertical bars
represent the S.E.M.

* Denotes significant difference at
least at the p < 0.05 level from
control aortae.
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control tissues. There was no significant dif-
ference in the maximum contractile force de-

veloped in response to KC1l by the diabetic

aortae (28-35 days) and in the maximum contrac-

tile force developed in response to KCl by thé
control aortae in the presence of 2.50 mM ex-
ternal Ca'’ concentration (Figure 16).
Contractile Responses in 0.2O mM.Ca++ which
Were Obtained from Rats 28-35 Days following«
Injection

In contrast to the concentration-effect
curves for KCl obtained from diabetic (28-35
days) and control aortae in 2.50 mM Ca++, the
concentration—effect curves for KCl in 0.20
mM ca't were not significantly differént
(Figure 17). In addition, the maximum Eontrac—
tile force developed in respgnse.té KC1l by the
diabetic aortae (28—35vdays) was not signifi-

cantly different from the maximum contractile '

- force developed by the control aortae in the.

presehce of 0.20 mM cat? cohcentration (Figure:
16) .
Maximum‘Contractilé Respbnse as a Function of
Age and Duration of Diabetes

| The maximum contractile force developed in

response to KCl for both age groups (8-9 weeks



Figure 16. Maximum contractile force (mg force/mg tissue)
in response to potassium chloride determined in aortae
from rats diabetic for 28-35 days and corresponding
age-matched control rats in the presence of 0.20 mM
and 2.50 mM external Ca®™ concentrations

Each bar represents the mean of 9-10 differ-~
ent aortic rings. The vertical lines repre-
sent the S.E.M. There was no significant
difference between diabetic and control tis-
sues.
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Figure 17. Potassium chloride concentration-effect
curves of aortae from rats diabetic for 28-35
“days and corresponding age-matched control rats
in the presence of 0.20 mM external Ca'® con-
centration

Each point represents the mean of 9-10
different aortic rings. The vertical
bars represent the S.E.M.

* Denotes significant difference at
least at the p < 0.05 level from
control aortae.
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3old~and lb-ll weeks old) of the control: and
diebetic,tissue was not significantly different
in’either\0.20 mM or 2.50 mM catt concentration
(Flgure 18) However; when the maximum-contrac—i
tlon in response to KCl in 2.50 mM external Ca fv
wes,compared to the‘mex1mum contractlon 1nxref'.;
- sponse to KC1l obtained from the same»tissue'in
0.20 mM externel“Ca++, a significant decrease
‘was detected in‘the control tats (8—9 weeks.old‘

vand 10-11 weeks old) and in the dlabetlc ‘rats

(8- 9 weeks old and 10-11 weeks old)

3. Contractlle Responses to Serotonin
a. Contractlle Responses in 2. 50 mM Ca e Which Were
Obtalned,frOm Rats 14-20 Days follow1ng’Injection ,
Isolated aortic rlngs from . control and dia-
'betlc rats contracted in response to 5= HT over

“T M t6 3 x 10

the ooncentret;on range of l(x 10
M in 2.50 mM ca’t. As demonstrated by the
ooncentration—effect,curves of”Figure ;9, the:
diabetic ringsA(I4-20'days5 wefe“subSensitive'
'innresoonse to 5-HT when compereaoto the con-
| troifrings; The log ECSO{valnexWas -5.02 i:
-0.10 for diabetic rings and -5.34 + 0.07 for
control‘rings. However, the decrease inrmexi—'

mum contractile force observed in these same



Figure 18. Maximum contractile response to potassium
chloride in control avid diabetic aortae as a fune-
tion of age and duration of diabetes in the pres-
ence of 0.20 mM and 2.50 mM external Ca'* concen-
trations ‘

Each bar represents the mean of 7-10 dif-
ferent aortic rings. The vertical lines
represent the S.E.M. There was no signifi-
cant difference between the two age groups.

** Denotes significant difference at
least at the p < 0.05 level between
the response of a tissue in 2.50 mM
ca*t? and the response of that same
tissue in 0.20 mM Ca™* concentration.
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Figure 19. Serotonin concentration-effect curves of
aortae from rats diabetic for 14-20 days and cor-
responding age-matched control rats in the presence
of 2.50 mM external Ca®™ concentration

Each point represents the mean of 8 differ-
ent aortic rings. The vertical bars repre-
sent the S.E.M. : -

* Denotes significant difference at
least at the p < 0.05 level from:
control aortae.
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~diabetic rings was not significantly different

ffom the maximum contractile force generated
by the control rings:in the p:eéénce of 2.50
mM catt concentratiOn'(Figu:ev20);
Contractile Résponées‘in 0.20 mM Extracellular
ca™ Concentration Which Were Obtained from
Rats 14-20 Days following Injection

Contractile responées obtained from dia-
betic ao:tae (14-20 days) in response to 5-HT
in 0.20'mM'Ca++ aiid compared to contractile
responées of controls in 0.20 mM Ca,++ resembled
the results obtained frdmvdiabetic (14-20 days)
and control aortae in 2.50 mM Ca’'. The dia-
betic rings (14-20 days) were subsensitive . in
response to 5-HT when compared to the control
rings (Figure 21). The log EC50 value was
—4.67 + 0.12 for diabetic rings and -5.15 +
0.07 for control rings. There Was not a signif-
icant difference between the maximal contrac-
ﬁile force generated in 0.20 mM ca™t by the
diabetic tissues (14-20 days) and that force
generated by the control tiséues.(Figure 20) .
Contractile Responses in 2.50 mM Ca’' which
Wére Obtained from Rais 28-35 Days following
Injection

The concentration-effect curves for 5-HT-

in 2.50 mM Ca' @ obtained from diabetic (28-35



Figure 20. Maximum contractile force (mg force/mg tissue)
in response to Szrotonin determined in aortae from
rats diabetic for 14-20 days and correspondzng age~
matched control rats,in the presence of 0.20 mM and .
2.50 mM external Ca' = concentrdtions

Each bar represents the mean of 8 different
aortic rings. The vertical lines represent
the S.E.M. There was no significant differ-
ence between diabetic and control tissues.
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Figure 21. Serotonin concentration-effect curves of
aortae from rats diabetic for 14-20 days and cor-
responding age-matched control rats in the pres-
ence of 0.20 mM external Ca®™ concentration

Each point represents the mean of 8 dif-
ferent aortic rings. The vertical bars
represent the S.E.M. :

* Denotes significant difference at
least at the p < 0.05 level from
control aortae.
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days) and control aortic rings indicate a sub- |
seﬁsitivity of the diabetic aortic rings

(Figure 22). The concentration-effect curve

for the diabetic tissues is shifted to the .

right. The log EC50 for the diabetic tissue
was -5.38 + 0.14 and the log EC50 for the con-
trol tissue was -5.86 + 0.09. Figure 23 illus-
trates that the maximum contractile force
generated in response to 5-HT by the diabetic
tissue (28-35 days) was significantiy less

than the~force generated by the control. tissue

in 2.50 mM ca' .

. Contractile Responses in 0.20 mM.C-a++ which

Wereuobtained'from Rats 28-35 Days following

Injection

Figure 24 illustrates the‘concentration-
effect curves for 5~HT in control and diabetic

(28 ~35 days) aortae in the presence of 0.20 mM
++

. Ca"'. There was no SLgnlflcant dlfference in

the sensmt1v1ty of the dlabetlc rlngs (28 -35
days) in response to S—HT when compared to the
sensitivity of the control rings.. However, the;
maximum oontractilerforce developed in response
to 5-HT by the diabetic tissue was significantly
less than the force developed by the control
tissue in the presence of 0.20 mM Ca++ concen-

tration (Figure 23).



Figure 22. Serotonin concentration-effect curves of aortae
from rats diabetic for 28-35 days and corresponding
age-matched+$ontrol rats in the presence of 2.50 mM
external Ca = concentration

Each point represents the mean of 8 differ-
ent aortic rings. The vertical bars repre-
sent the S.E.M.

* Denotes significant difference at
least at the p < 0.05 level from
control aortae.
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- Figure 23. Maximum contractile force (mg force/mg tissue)
“developed in response to serotonin determined in
aortae from rats diabetic for 28-35 days and cor-
responding age-matched control rats in the presence
of 0.20 mM and 2.50 mM external Ca'™* concentrations

Each bar represents the mean of 8 different

aortic rings. The vertical lines represent
the S.E.M.

* Denotes significant difference at least
at the p < 0.05 level from control
aortae. '
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Figure 24. Serotonin concentration-effect curves of
aortae from rats diabetic for 28-35 days and
corresponding age-matched contrqgl rats in the
presence of 0.20 mM external Ca'’ concentration

Each point represents the mean of 8 differ-
ent aortic rings. . The vertical bars repre-
‘'sent the S.E.M. There was no significant
‘"difference between diabetic and control
tissues.
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. e. Maximum Contractile Responseras a Function of
| Age and Duration of Diabetes

Figure 25 illustrateS'the maxiumum contrac-

tile force developed in response to SQHT_for
boﬁh age groups of»thevéontfol'and diabetic
tissue in the presence of 0.20 and 2.50 mM
extracellular ca™t concentration. The oider
group (10-11 weeks bld) of control aortae de-
véloped a-significantly greater degree of con-
tractile force than the younger group (8-9
weeks, 0ld) of control aortae in the presence
of 2;50.mM Ca++_cohcentration. There was no
significant difference between the contractile
force developed in response to 5-~HT by the
younger (8-9 weeks old) and the older (10-11
weeks old) control groups in the presence of
2.50 mM cat™, Neither was there a significant
difference between the contractile force de-
veloped in response to 5—HT by the older (10-11
weeks old) and younger (8-9 weeéks old) diabetic
aortae in either 0.20 mM or 2.50 mM external
ca™™® concentration.

When the maximum contréction in response
to 5-HT in 2.50 mM external Ca = was‘compared
to the maximum contraction obtained from the -
same tissue in 0.20 mM external Ca++, a signi-

ficant decrease was detected in the control



Figure 25. Maximum contractile response to serotonin in
control and diabetic aortae as a function of age and
duration of diabetes in the presence of 0.20 and 2.50
mi external Ca't concentrations

Each bar represents the mean of 8 different
aortic rings. The vertical lines represent
the S.E.M.

* Denotes significant difference at least
at the p < 0.05 level between the two

age groups.

*#* Denotes 51gn1ficant difference :at least
at the p < 0.05 level between the re-
sponse of a tissue in 2.50 mM catt and
the response of that same tissue in 0.20
mM Ca™ concentration.
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rats (8-9 weeks old and 10-11 weeks old) and
in the diabetic rats (8-9 weeks o0ld and 10-11

weeks old).

4. Contractile Responses to Phenylephrine

a.

Contractile Responses in 0.20 mM ca’t which
Were Obtained from Rats 14-20 Days following
Injection ‘

Isoclated aortic rings from confrol and
diabetic rats contracted inAresponse to PE

over the concentration range of 4.9 x 10-10 M

> M in 0.20 mM ca*t (Figure 26).

to 1.5 x 10~
The log EC50 of -6.94 + 0.10 for the diabetic
tissue was not significantly different from
the log EC50 of -7.19 + 0.07 for the control
tissue. In addition, the maximum contractile
force developed in respoﬁse to PE by the dia—
betic aortae was not significantly different
from the contractile force deveioped by the
control aortae in the pfesenCe»of 0.20 mM Ca++
(Figure 27) .

+

Contractile Responses in 2.50 mMC‘a+ which

LWeré Obtained from Rats 28-35 DaYé;following

- Injection

Figure 28 illustrates the concentration-
effect curves for PE obtained from control and

diabetic (28-35 days) aortae in the presence



Figure 26. Phenylephrine concentration-effect curves
of aortae from rats diabetic for 14-20 days and
corresponding age-matched control rats in the
presence of 0.20 mM external Ca'' concentration

Each point represents the mean of 7-8 dif-
ferent aortic rings. The vertical bars
represent the S.E.M.

* Denotes sigﬂificant»difference at
least at the p < 0.05 level from
control aortae.
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Figure 27. Maximum contractile force (mg force/my tissue)
in response to phenylephrine determined in aortae
from rats diabetic for 14-20 days and corresponding
-age-matched control rats in the presence of 0.20 md:
external Ca®™ concentration

Each bar represents the mean of 7-8 differ-
ent aortic rings. The vertical lines repre-
sent the S.E.M. There was no significant
difference between diabetic and control tis-
sues. ‘
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Figure 28. Phenylephrine concentration-effect curves
of aortae from rats diabetic for 28-35 days and
corresponding age-matched contrqgl rats in the
presence of 2.50 mM external Ca’ concentration

Each point represents. the mean of 10-12
different aortic rings.  The vertical
bars represent the S.E.M. There was no
significant difference between diabetic
and control tissues.
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| 103"
of 2.50 mM external Ca' ' concentraﬁién; The
log ECso--'vélue fqrfhe dliabétic’tissues (-7.59
+ 0.09) was not siénificantly different'from
the log EC50 value for the EOntrol tissues
(=7.67 + 0.06). Also the maximum dontractile
force developed in response to PE by the;dia—
betic aortae was not significantly different
from the contractile force aeveloped by thé
+

‘control aortae in the presence of 2.50 mM ca’

concentration (Figure 29).

5. Comparisons of Maximum Coﬁtractile Responséé to
Norepinephrine, Pétassium Chloride, Sefotonin,
-andehenylephrine
a. Maximum'Contractile-Responsesvin 2,50 mM catt

which Were Obtained from Rats 14-20 Days follow-

ing Injection

" The mean maximum contréctile force developed
to the agonists NE, KCl, and 5-HT in the pres-—
ence of 2.50 mM extracellular Ca'™ did not aif-
fer significantly either ﬁor the:diabetic tissues

(14-20 days) or for the coﬁtrol tissues when

one-way analysis of variance (anova) analyses

wére employed. Also a two~-way anova demon-
strated that the maximum contractile force de-

veloped to the agonists did ﬁot differ between

the control and diabetic groups (Figure 30).



Figure 29. Maximum contractile force (mg force/mg tissue)
in response to phenylephrine determined in aortae
from rats diabetic for 28-35 days and corresponding
age-matched control rats in the presence of 2.50 mi
external Ca.’ econcentration ‘

Each bar represents the mean of 10-12 differ-
ent aortic rings. The vertical lines repre-
sent the S.E.M. There was no significant

difference between diabetic and control. tis=
sues.
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Figure 30. Maximum contractile force (mg force/mg tissue)
in. response to norepinephrine, potassium chloride,
and Serotonin determined in aortae from rats dia-
betic for 14-20 days and corresponding age-matched
control rats in the presence of 2.50 mM external
Ca™ concentration ,

Each bar represents the mean of 6-8 differ-
ent aortic rings. The vertical lines repre-
sent the S.E.M. A two-way anova demonstrated
there was no significant difference in the
contractile force developed to the drugs in
either the control or diabetic tissues.
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b. Maximum Contractile Responses in 0;20 mM Ca++\
‘which Were Obtained from Rats 14-20 Days fol-
lowing Injection
After a one-way anova1revealéd.a«difference
between the maximum contractile force developed
in response to NE, KCl, 5-HT, and PE in the
diabetic aortae,.the Studént-Newman—Keuis (SNXK)
test demonstrated a significant difference
(p <.0.05) only between the mean maximum cbh-
tractile force generated by PE and 5-HT (Figure
31). A one-way anova revealéd no significant
difference between the maximum -force aeveloped
in response to NE, KCl, 5-~HT, and PE in the
control aortae.
c. Maximum Contractile Responses in 2.50 mM ca™t
-which Were Obtained from Rats 28-35 Days fol-
lowing Injection
The SNK test.showed that the mean maximum
contraétilé force developed by the diabetic
aortae (28-35 days) .in response to NE was
significantly greater (p < 0.0l1) than the mean
maximum contractile force developed in response
to either KCl, 5-HT, or PE (Figure 32). 'Also,
the»mean maximum contractile responses £o RC1,
5-HT, and PE did‘not-differwsignificantly. A

one-way anova revealed no significant difference



‘ Figure 31. Maximum contractile force (mg force/mg tissue)
in response to norepinephrine, potassium chloride,
serotonin, and phenylephrine determined in aortae
from rats diabetic for 14-20 days and corresponding
age-matched control rats in the presence of 0.20 mM
external Ca®™ concentration ,

Each bar represents the mean of 6-8 differ-
ent aortic rings. The vertical bars repre-
sent the S.E.M. The SNK test revealed a
significant difference (p < 0.05) only between
the mean maximum contractile force generated
by PE and 5-HT in the diabetic aortae.
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Figure 32. Maximum contractile force (mg force/mg tissue)
in response to norepinephrine, potassium chloride,
serotonin, and phenylephrine determined in aortae
from rats diabetic for 28-35 days and corresponding
age-matched control rats in the presence of 2.50 mM
external Ca' ' concentration

Each bar represents the mean of 8-12 differ-
ent aortic rings. The vertical lines repre-
sent the S.E.M. ' The SNK test revealed the
mean maximum contractile force developed by
the diabetic aortae in response to NE was
significantly greater (p < 0.01) than the
mean maximum contractile force developed in
response to either KCl, 5-HT, or PE.
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between the maximum contractile responses
developed in the control aortae to NE, KCL,

5-HT, and PE.
+

d. Maximum ContractilelResponses in 0.20 mM ca”
which Were Obtained ftom Rats 28-35 Days fol-
lowing InjéctionA‘

The mean maximum contractile force developed
by the diabetic aortae (28-35 days) in response
to NE was significantly greater (p < 0.0i) than
the mean maximum contractile force develoéed in
‘response to either KCl or 5-HT in the presence
of 0.20 mM ca't (Figure 33). The SNK test -also
demonstrated that the mean maximum contractile
force developed by the diabetic aortaev(28;35
days) in response to KCl and 5-HT did not dif-
fer significantly.- A“onéAWéy anova showed no
significént difference be£wéen\the maximum con-
tractile responses developed in the control

aortae to NE, KCl, and 5-HT.

D. Affinity Constant (pD2) to Phenylephrine and Affinity

Constant:(pAz) of Phentolamine Determined in Aortae

Obtained from Diabetic (Streptozotocin Injected) and

Control (Vehicle Injected) Rats

1. Affinity Constant (pDZ) of Phenylephrine and Affinity
Constant (pAé) of Phentolamine in 0.20 mM ca®™ which

Were Obtained from Rats 14-20 Days following Injection



Figure 33. Maximum contractile force (mg force/mg tissue)
in response to norepinephrine, potassium chloride, and
serotonin determined in aortae from rats diabetic for
28-35 days and corresponding age-matched control rats
in 0.20 mM external Ca'™ concentration

Each bar represents the mean of 8-10 differ-
ent aortic rings. The vertical lines repre-
sent the S.E.M. The SNK test revealed the
mean maximum contractile force developed by
the diabetic aortae ih response to NE was
significantly greater (p < 0.01) than the
mean maximum contractile force developed in
response to either KCl or 5-HT.
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The pD2 of phenylephrine (6.94 + 0.10) obtained
from the diabetic aortae (14-20 days) Qas~not‘sig—
nificantly different from the pD2 of phenylephrine
(7.19 +0.07) bbtained from the'conirol aortae in

the presence of 0.20 mM external Ca '

(Table 3).
The phenylephrine?phentolamine antagonism was
described in this study by the caliculated PA, or
affinity constant of phentolamine. The calculated
pAé for phentolaminé obtainedrfrom diabetic aortae
was 7.70 + 0.07, which was not significantly dif-

ferent from the calculated pA., for phentolamine

2
obtained from control aortae (7.89 + 0.08).

_ Affinity Constant (pDZ) of Phe;ylephrine and Affinity
Constant (pA,) of Phentolamine in 2.50 mM Ca' '

which Were Obtained from Rats 28-35 Days following

Injection - _

The pD, of phenylephrine (7.59 + 0.09) obtained

2
from the diabetic aortae (28-35 days) was not sig-
nificantlyAdifferent from the PD, of phenylephrine
(7.67 + 0.06) obtained from the control aortae in
the presence of 2.50 ﬁMiCa++ concentration (Table

3). Neither was the calculated pA., for phentol--

2
amine obtained from the diabetic aortae (7.97 +

0.06) significantly different from the calculated

pA, for phentolamine obtained from the control

2
aortae (8.07 + 0.05).



Table 3

Affinity Constant (pD,) of Phemylephrine and Affinity Constant
(pA,) of Phentolamine Determined in Aortae from, Rats Diabetic
for®14-20 Days and Corresponding Age-Matched Control Rats in
the Presence of 0.20 mM External Ca'’ Concentration and from
Rats Diabetic for 28-35 Days and Corresponding Age-Matched
Control Rats in the Presence of 2.50 mM External Ca ' Concen-
tration '

Values represent the mean + S.E.M. N denotes
number. of different aortic rings contained in a group.
There was no significant difference between the pD, of
phenylephrine of control and diabetic aortic rings“in
each age group. :

There was also no significant difference between
the PA, of phentolamine obtained from contrxol and dia-
betic dortic rings in each age group.

{



Table 3

External Ca++ Concentration

0.20 mM ca’t 2.50 mM ca't
Group N 5 s 5 -
P2 PA) PPy Py
Control :
(8-9 weeks old) 7 7.1940.07 = 7.89+0.08
Diabetic
(14-20 days diabetic) 8 6.94+0.10 7.7040.07
(8-9 weeks old)
Control ) :
(10-11 weeks old) 10 ‘ 7.67+0.06 8.07+0.05
Diabetic | _ :
(28-35 days diabetic) 12 o 7.59+0.09 7.97+0.06

(10-11 weeks old)

8TT
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Relaxant Responses of Aortae Obtained from Diabetic (28-

35 Days following Streptozotocin-Injection) and Control

(28=35 Days following Vehicle Injection) Rats to Isopro-

terenol ln the Presence of 2.50 mM External Ca +r Concen-

tration and Phentolamine

When relaxant responses were plotted as a percent of

. assumed maximal possible relaxation, that is, relaxation

of the contracted tissue (5-HT-induced contraction) back
to the baseline tension, the degree of relaxation caused
by isoproterenol was markedly increased with the dia-
betic state. Aortae from diabetic rats relaxed to 130.6
+ 5.4% of the assumed maximal relaxation,‘whereas tissues
from control rats produced a relaxation equivalent to

84.9 + 12.1% of the assumed-maximal_relaxation (Figure 34).

45Ca Efflux from Aortae Obtained from Dlabetlc (28-35 Days

following Streptozotocin Injection) and Control (28 35

Days following Vehicle Injection) Rats

When the daﬁa from the 45Ca washout experlnents were
expressed as the percentage of radloact1v1ty remaining
in the muscle after'each 2-min interval and were plotted
asrdeSatufation curves, there was.noisignificant differ-
ence between the data from the diabetic (28-35 days) rats
and the data from the control rate (Figure 35). Plots of
percentage radioactivity in the tissues vefsus time were
curvilinear and were resolved by end-tail subtraction

(Riggs, 1970) into three linear components of loss from



Figure 34. Concentration-effect curves for the relaxant
effects of isoproterenol on aortae from rats dia-
betic for 28-35 days and corresponding age-matched

" control rats in the présence of 2.50 mM external
Ca’ " concentration

Relaxant responses were plotted as percent

of the assumed maximal possible relaxation,

that is, relaxation of the contracted aortic

ring (5=HT-induced contraction) back to the
- baseline tension.

The aortic rings were contracted with 5-HT
(EC85). Diabetic tissues were contracted
with 2.25 x 103 M 5-HT and control tissues
were contracted with 1 x 10~2 M 5-HT.

Each point represents the mean of 6-8 differ-
ent aortic rings. THe vertical bars repre-
sent the S.E.M.

* Denotes significant difference at least
at the p < 0.05 level from control
aortae. . - C
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Figure 35. 45Ca efflux from aortae obtained from rats
diabetic for 28-35 days and corresponding age-
matched control rats

Each point represents the mean of 7 dif-
ferent aortic rings. The vertical bars:
represent the S.E.M. There was no sig—
nificant difference between dlabetlc and
control tissues.
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~tightly bound,»intermediate} and labile 45Ca poels. Rate
constants (ks, ki k) of these "slow," "intermediate,"
and "fast" components were taken as.0,693/t% (t%'= half-
time read from plot) (Carrier’anafJureﬁics, 1973). Table
4 illustrates that.there was no significant difference be-
tween the diabetic ‘aortae (28-35 days) and control aortae
with reference to their respective compenent relative size

values, t; values, and k values.
2

G. Body Weights and Heart Weights Obtained from Diabetic

(Streptozotocin Injected) and'Control (Vehicle Injected)
Rats |
-l. Body Weight and Heart Wet Weights
a. WeightSvatained'from Rats 14-20 Days following
Injection
The body weight of the diabetic rats (14-20
days) (207 i]lZ g) was significantly less than
the body weight of the control rats (294 + 80 g)
‘(Table 5). The heart wet weight,. right ventfi-
cle wet weight, and left ventricle wet weignt
alse were significantly decreased in the dia-
betic animal. When the parameters'of‘left
ventricle wet weight/body weight, left ventri-
cle wet weight/heart wet weight, and heart wet
weight/body weight were compared in the diabetic
vereus the control rat, the parameters were not

significantly different.



Table -4

Relative Sizes, Half-times, and Rate Constants of the Three
Linear Components Determined in Aortae from Rats Diabetic
for 28-35 Days and Corresponding Age-matched Control Rats

Each gtou§ contained 7 different aortic
rings. There was no significant difference between
diabetic and control aortic rings.
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Table 4.
Grou Control Diabetic
P (10-11 weeks (28-35 days diabetic)
old) (10-11 weeks 014d)

Fast Component
Relative size '

(% + S.E.M.) 16.29 + 1.12 17.43 + 1.10
Tty

(ﬁin + S.E.M.) 0.73 + 0.09 0.75 + 0.06
(min-1l + S.E.M.) 1.05 + 0.14 0.96 + 0.08
Intermediate Component
Relative size ,

(8 + S.E.M.) 14.93 + 1.14 16.14 + 0.61
ty, '

(ﬁin + S.E.M.) - 2.64 + 0.29 3.11 + 0.27
ks | ; ' :
(éin‘l + S.E.M.) 0.29 + 0.05 0.23 + 0.02
Slow Component
Relative size

§ + S.E.M.) 68.79 + 1.81 66.43 + 1.23
ty, - '

(ﬁin + S.E.M.) 21.71 + 1.00 22.68 + 0.77
ks 0.032+ 0.002 0.031+ 0.001

(min~1 + S.E.M.)




Table 5

Body Weights and Heart Wet Weights Obtained from Rats Diabetic
for 14-20 Days and 28-35 Days and Corresponding Age-matched
Control Rats

N denotes numbér of different rats contained

* %

in each rat group. Values represent the
mean + S.E.M. ‘

Wt. = Weight
RV = Right Ventricle
LV = Left Ventricle

Denotes significant difference at least at
the p < 0.05 level from control rats in the
same age group.

Denotes significant difference at least at
the p < 0.05 level from the younger group

.0f rats (control group versus control group

and diabetic group versus diabetic group).



‘Table 5

RAL Control ‘Diabetic Control Diabetic
Grou (8-9 weeks (14-20 days (10-11 weeks (28-35 days
p old) diabetic; old) diabetic;
8-9 weeks 10-11 weeks
old) old)
N 10 10 11 10
. * * %k *
Body Wt. . (g) 294 + 8 207 + 12 382 + 8 247 + 17
Heart Wet * . * % _*
e (mg) 1130 + 40 833 + 39 1318 + 40 957 + 56
RV Wet Wt. 1205 + 11 143 + 7% 228 + 7 166 + 10%
(mg) - - - -
Lv(ggf we. 761 + 25 553 + 26" 915 + 31%* 651 + 41*
LV Wet Wt. s - .
‘Body WE. 2.59 + 0.05 2.69 + 0.04 2.39 + 0.04 2.65 + 0.05
mg,
&)
LV Wet Wt. |
Hea;; Wet Wt. g 674+ 0.006  0.665+ 0.006  0.694+ 0.008**  0.680+ 0.006
(ﬁé)
Heart Wet Wt. ‘ ok N
Body Wt. 3.85 + 0.07 4.05 + 0.10 3.44 + 0.04 3.91 + 0.10
"9 :
g

8¢T
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b. Weights Obtained from Rats 28-35 Days following
Injection
The diabetic rats (28-35 days) weighed
significantly less (247'i'17 g) than the con-
trol rats (382 + 8 g) (Table 5). In addition
the heart wet weight, right ventricle wet
‘weight, and left ventricle wet weight of the
diabetic rats were significantly less than the
corresponding wet weights of the diabetic rats.
The parameter of left ventricle wef weight/Body
weight was significantly greater in the dia-
betic rat while the parameters of left ventri-
cle wet weight/heart wet weight and heart wet
weight/body weight were not significantly dif-
ferent for diabetic and control rats.
c. Weight as a Function of Age énd Duration of
Diabetes |
ﬁThe older control rats (10-11 weeks old)
(382 + 8 g) weighed significantly more than the
younger control rats (8-9 weeks old) (294 + 8 g)
(Table 5). The same was not true for the cor-
responding diabetic rats. The younger diabetic
rats (14-20 days, 8-=9 weeks old) weighed 207 +
12 g, while the older diabetici rats (23~35‘days,
10-11 weeks old) weighed 247 + 17 g. Heart wet

weight and left ventricle wet weight for the
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older control animals was significantly greater
than.for the younger control animals, but right
ventricle wet weight was not significantly

7 elevated. The;e was no significant difference
'between the younger and older diabetic groups .
with respect to heart wet weight, right ven-
tricle wetvweight,"énd left ventricle wet weight.
The parameters of left vent:icle.wét weight/body
'_weiéht and heart wet weight/body weight were
significantly less for the older control group
than for the younger control group. The param-
eter of left ventricle wet weight/heart wet weight
was significantly greater for the older control
rats than for the younger control rats. Left
ventricle wet weight/body weight, left ventri-
cle wet weight/heart wet weight, aﬁd.heart wet
weight/body weight were parameters that did not
differ.significanfly between younger and older
diabetic rats.
2. Body Weight and Heart Dry Weights
a. Weights Obtained from Rats 14-20 Days following
Injection |
The control rats had significantly greater
calculated heart dry weight, right ventricle dry
weight, and left ﬁentricle dry weight than the

diabetic rats (14-20 days) (Table 6). The



Table 6

Body Weights and Heart Dry Weights Obtained from Rats Diabetic
for 14-20 Days and 28-35 Days and Corresponding Age-matched
Control Rats

N denotes number of different rats contained
in each rat group. Values represent the
mean + S.E.M.

Wt. = Weight A
RV = Right Ventricle
LV = Left Ventricle

* Denotes significant difference at least at-
" the p < 0.05 level from control rats in the
same age group. :

** Denotes significant difference at least at

" the p < 0.05 level from the younger group of
rats (control group versus control group and
diabetic group versus diabetic group).



- -~ Table 6 -

g

Control Diabetic Control Diabetic
Rat (8-9 weeks (14-20 days (10~11 weeks (28-35 days
Group old) diabetic; old) diabetic;
8-9 weeks : 10-11 weeks
old) old)
N 10 10 11 10
Body Wt. (g) 294 + 8 207 + 12* 382 + 8** 247 +17%
'Calculated | . ox -
Heart Dry Wt. 214 + 6 157 + 7 268 + 8 191 + 13
(mg) .
*
RV Dry wt. 39 + 1 27 + 1* 47 + 2** 33 + 2%*
(mg) : - - - -
_ o *
LV Dry wt. 157 + 5 115 + 5% 199 + 7** 142 + 9o%*
(mg) * * . *
LV Dry Wt. N
Body Wt. 0.54 + 0.01 . 0.56 + 0.01 0.52 + 0.01 0.58 + 0.01
(g
g)
LV Dry Wt. » ~ _
Calculated 0.735i 0.005. 0.733_4; 0.004 0.740i 0.006 0.744j-_ 0.008
Heart Dry Wt. : .
(9.
(mg)'
Calculated
*
Heart Dry Wt. 4 73 4 g.02 0.76 + 0.02 0.70 + 0.01 0.78 + 0.02
Body Wt. - - — = -
(09 . |

CET
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parameters of left ventricle dry weight/body
weight, left ventricle dﬁy weight/calculated
heart dfy weight, and calculated heart dry
weight/body'Weight obtained from the diabetic
rats. did not differ from the same parameters
measured from the control rats. |
Weights Obtained from Rats 28-35 Days following
Injection

Calculated heart dry weight, right ventri-
cle'dry weight, andvleft ventricle dry weight
were significantly greater when obtained from
the'éontrol animals than when obtained from
the digbetic animals (28—35 days) (Table 6).
Left ventricle dry weight/body Wéight and
calculated heart dry weight/body.weight‘wére
two parameters which were'significantly-greater

when obtained from the diabetic rats than when

obtained. from the control rats. Control rat

left ventricle dry weight/calcﬁlated heart dry
weight was not significantly different from

diabetic rat left ventricle dry weight/calculated
heart dry-weight.

Weight as a Function of Age and Duration of

' Diabetes

Calculated heart dry weight,'right ventricle
dry weight, 'and left ventricle dry weight were

significantly greater when obtained from the
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older diabetic rat group (28-35 days, 10-11
weeks old) than when obfained from the younger
diabetic rat group (14-20 days, 8-9 weeks old)
(Table 6). This phenomenon occurred at the
same time that the diabetic:body wéights did
nottdiffer significantly. Also éalculated
heart dri weight, right ventricle dry weight,
and left ventricle dry weight were significantly
greater‘when obtained from the older control
group (lO-ll~weéks old) than when obtained from
the younger control group (8-9 weeks'old).- The
control rat body weights we:é significantly
greater for the older group- than fgr the younger .
group. . Left ventricle dfy weight/body weight,
left ventricie dry weight/calcualted heart dry
weight, ahd calculated heart dry weight/body
weight were three parameters that did not differ
significantly for younger diabetic groué versus
the oider diabetic group or for the younger con-

trol group versus the older control group. .



DISCUSSION

Evidence_for the successful inducement of experimental
diabetes in the rats used in the reported studies included
elevated serum glucose levels, and no weight gain, or a much
slower rate of weight gain with age than control rats. Addi-
tional evidence which was observea, buf not gquantitated, was
polyuria, polydipsia, and polyphagia. Histological examina-
tion of pancreatic tissue obtained from 37 week old rats
which had been d;abetic for 31 weeks revealed the appearance
of decreased volume of the iéiets of Langerhans (Figures
1-4). This effect is similar to that reéofted by Junod et
al. (1967) as early as 7 hrs after administratisn of 65 mg/
kg st:eptozotdcin. Arison et dZ, (1967) observed a similar
effect one month after streptozotdcin injection. Differ-
entiation of the cell types of the islet by the staining
procedure (hematoxylin and eosin) used in the reported study
was not possible. ' Gross examination of all diabetic rats
and histological examination of ﬁhe pancreatic tissue ob-
tained from the 37 week old rats which had been diabetic
for 31 weeks did not reveal any pancreatic tumors present.

In the reported study, evidence was presented which
demonstrated_that vascular reactivity is differehtiélly
altered in respohse to NE, KCl, and 5-HT, while wvascular

reactivity is essentially unaltered in response to PE in

135
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experimental diabetes (OWentand Carrier, 1978, 1979a, 1979,
1979¢, 1979d). The increased responsiveness or eensitivity
of aortae from streptozotocin-induced diabetic rats to the
neurotransmitter NE was related to the duration of the dia-
betic state and to the extracellular Ca++ concentration.
The decreased sensitivity of aortae‘from diabetic rats to
5-HT also was related to the duration‘ot<the diabetic state
and to the extracellular Ca’ T concentration, but, the de-
creased sensitivity of aortae from diabetic rats to KCl was
related only to the extracellular Ca++'concentration.

Aortae from rats which were diabetic for 14-20 days
demonstrated an increase in sensitivity to NE in low levels
of external Ca'¥ (Figures 5 and 6). Effector sensitivity
expressed as mean log EC50 values was determined from cumu-
lative dose-response relationships, The‘diabetic}aortae
were supersensitive to NE as reflected by the significant
decrease in the mean log EC50 (Figure 6) when the bathing
media contained 0.20, 0.40, and 0.80 mM Ca++; However, in
the presence of 2.50 mM Ca.++r there was no difference be-
tween the control and diabetic aortae.

The phenomenon of supersensitivity to NE in vascular
smooth muscle is recognized tCarrier andishibata, 1977) and
such a condition can be elicited in many ways. Interference
or impairment of normal adrenergic innervation (surgical
or chemical denervation) results in an increase in the sen-

sitivity of the effector cells to NE (Trendelenburg, 1966;
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Shibata et aZ.; 1972; Carrier and~ShibaEa, 1977). Post-
junctional supersensitivity or a true increase in tﬁe sen-
. sitivity of thezéffector is seen after treatment with
reserpine (Carfier and Holland, 1965; Hudgins and Fleming,
"'1966; Carrier aﬁéﬁﬁgfévics, 1973). Prejunctional supersen-
sitivity of a ﬁiééué;ié‘éeen after the applicétidn of cocaine,
which blocks neuronal'uptake:of‘catecholémines, or corticos-
terone, which blocks extréheuronal uptake of catecholamines.
In the case of prejunctional supersensitivity the reséonses
vto'specific agbnists‘are greater due to an increase in‘théir
effective concentration in the vicinity of thé receptors
(Carrier and Shibata, 1977).

The influence of eitraneuronal ﬁptake of NE in this
present study has»not.been determined. The development of
supersensitivity could be demonstrated only in the 14-20
day diabetic rats'and was related to the external Ca'' con-
centration. Therefore it seems unlikely that the observed
phenomenon reflectS‘alterations in the exﬁraneuronal uptake
-mechanism. |

Clinical observations show-that diabetes may be accom-
panied by neuropathy of the sympathetic ner&ouS'SYStem:which
results in an impaired nerve function. Functional abnor-
malities of the autonomic nervous system in‘long—term dia-
betes are well known. They include posﬁural fall in blood
pressure (Rundles) 1945), abnormal reflex bradycardia aftér

a Valsalva maneuver (Sharpey-Schafer, 1960), reduced levels
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of catecholamines in blood (Caristensen, 1972), and cardio-
véscular tissue (Neubauer and Christensen, 1976), and.a re-
dﬁction in spontaneous movements of the pupil of the eye
(Gundersen, 1974). This lends support for the hypothesis
that the.supersensitivity to NE observed in this study may
be analogous to denervation sensitization. dn thé other
hand, Brody and Dixon (1964) concluded that'theif'observa-
tion of hyperresponsiveness of perfused hindquarters of dia-
betiCirats_(alloxan treated) to NE was not related to a loss
of adrenergic function. In addition, the rat aorta which
was employed in the present study is essentially devoid of
adrenergic.nerves (Patil et al., 1972; Fleisch, 1974) and
insénsitive to cocaine blockage (Maling et al., 1971). 1In
view of -the above discussion and the calcium dependency of
thevsupe;sensiti&ity phenomenon_demonstréted,in this study,
the increased seqsitivity‘td'NE.in the diabéetic rat is prob-
ably not related to impairment of adrenergic nerve fibers.

It is thought that endogenous chemical transmitters
have a trophiC'effect on the pdstjunctional tissuesm When
this is lost, the tissue, in a:compensatory"manner, in- .
creases in sensitivity. In skeletai mﬁécle;)interruption
of transmitter release will induce a spféad of receptor
area over the entire'skeletai muscle cell (Thesleff, 1960)
and an increasé in sensitivity of the mﬁscle‘will‘occur. In.
vascular smooth muscle, reserpine-induced supersensitivity

is not the result of receptor spread (Carrier and Shibata,
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1977). It appears to result from some alteration in the
physiology of thebsmooth muscle ceil. The éresént data
is compatiblé with this concept of supersensitivity in vas-
cular muscle. Since ourvpreparaﬁion is free of adrenergic
innervation, there is ho.apparent,interruption §f trans-
mitter release. 1In addition, the responses of the diabetic
(14-20 days) aortic tissueS'werevsupersensi££§e to NE only
when the external Ca++ concentration was less than 2.50 mM.
' 'However contractile responses to PE, another,predominately
’va-édrenergﬁc receptor agonist, of the aortae-obtained from
the diabetic rats (14-20 dayéf weré-noﬁ different from the
contpactile‘resﬁonsés to PE of the control aortae in the
presence of 0.20 mM external Ca++ concentration. This is
indicéted.by the éimilar pDzlof phenylephrine and the-gimilar
pA2 of phentolamine for the diabetic and control rats,‘ There-
fore, it is unlikely that the demonstrated increase in sen-
sitivity of the effector ceilsuto NE is a result of an in-
crease in a—adrenergic receptdr area. Even though both NE
and PE‘are-predominately»aaadrenergiC"receptor'agoniSts}-
differencés have been demonstratgd.in the relative sensi-
~ tivity of the fast (F-) and slow,(s—).compOnents of con-
traction for these tWo'agonisﬁs.(bediefet}al.y'1959). For
example, the F-component appeared to be more sensitive (lower
threshold) to NE, whereas the S¥éomponent was more sensitive
~to PE. Therefore,.it is not unreasonable to see diffefeﬁces

in the contractile:response induced by these twd agents§
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Bohr (1964a) found that sﬁbstitution of a calcium-free
solution fqr a physiological salt solution résulted in an
initial potentiation of the F-component and a marked depres-
sion or elimination.of the S-component>in response to epi-
nephrine. He alsb observed that increases in calcium con-
centration above 1.6 mM depressed the F—component, but had
little or no effect on the S-component. Since the increase
in sensitivity of the diébetic tissues to NE occurred only
+

in low levels of external Ca'', the present data indicate

that the.diabetic‘tissués utilize of handle extracellular
Ca++ in a different manner for NE-induced vésCular contfac-
tions; |

Aortae from rats which were diabetic (28-35 days) for
a longer period of time demonstrated a greater maximﬁm force
developed_than the age-matched controls in response to NE
(Figure 10). In aontrast to the younger diabetic group,
there was no change in the mean log’ECSO values (Figﬁrés 8
and 9). The greater maximum contractile force of the older
diabetic tissue in resp0nse.to NE occﬁrred'at all external
Ca++ concentrations used. There was a>slight tendency,
tﬁougﬁ~not significant, for the 6lder‘diabetic tissues to
develop less maximum contfactile force in response to PE
in the presence of 2.50 mM external ca’® concentration
(Figure 29).

The maximum. force déveloped in response to NE by the
older diabetic tissues (28-35 days) was significantly

‘greater than the response of the younger diabetic tissues
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(14-20 days) and the corresponding age-matched controls
V(Figure 11). These findings occurred at all of the various
extracellular Ca++\conCen£rations used. These reéults can-
not be interpreted as an age-dependent increase in vascular
tone, since there was no signifiéént difference between

the two different age groups of controls. _Tﬁe older con-
trél group showed the tendency, though not significant,

to develop a greater dégree of force than‘the younger gfoup. 
However, the age difference between the two control groups
is ndt of sufficient magnitude to detect the. age-related
increase in responsiveness of NE contractions as reported

by Cohen and Berkowitz (1976).. The increase in maximum
force may reflect changes in S4édrenergic reéeptor activity.
_It has been showﬁ that B-receptor mediated relaxation of

rat aorta is decreaéed with increasing :age of the animals
. (Fleisch et al., 1970; Cohen and Berkowitz, 1974). Relaxant
responses of aortae obtained from diabetic rats (28-35 days)
to ISO in the presence of 2.50 mM external Ca++ concentra-
tion were increased markédly with the diabetic state When
they were plotted as a percent of the assumed maximal pos-
sible relaxation, that is, relaxation of the contracted
tissue (5—HT4inducéd contraction) back to the baseline force.
Difficulties arise in the interpretation of'the.results from
the relaxant studies due to the influence of initial con-
tractile force and'spontaneous tone on vascular relaxation.

Diabetic and control tissues were contracted with an EC85
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concentration of 5-HT. This resulted in a greater con-
,'tractile;force being developed in the control tissue.

Cohen and Berkowitz (1974) have shown that as contractile
force is increased, the peréent relaxation is decreased.
Also arterial responsivehess to ISO would appear to be
less in the control tissues if the aortae frdm the control
animals had an intrinsically greater spontaneous tone than
aortae from the diabetic animals. A maximum relaxation of
130.6 + 5.4% for the diabetic‘tissue indicgtes that the
diabetic tissue does have a spontaneous tone. A maximum
relaxation of 84.9 + 12.1% for the control tissue did not
answer the éuestion of how much, if any, spontaneous tope
the control tiééue possesses. Further studies which take_
into account the.influence;of‘initial contractile force and
spontaneous tone on vascular relaxétiqn(are-required to
detérmine whether the increase in maximum. force developed
to NE reflects change in B-adrenergic reéeptor acfivity.
The source of Ca'’ utilized for vascular contractioh
has been shown to vary for different agonists. (Hiraoka et
al., 1968; Hudgins and Weiss, 1968; Greenberg et al., 1973;
Cohen and Berkowitz, 1976). -The‘currently known facts sup-
port. the concept that NE,contractions are primarily depend-

-+

ent upon- an intracellular source of ca™ and to a less extent

on extracellular Ca++, while KCl-induced contraction and
5-HT-induced contraction. exhibit a marked dependence on

extracellular Ca++.
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In the present study NE-induced contractions were un-
altered in both age groups of control tissues and the young
‘diabepic group when external Ca++ was lowered from 2.50 mM
to either 0.80 or 0.40 mM. However, when thé extracellular
ca™ was reduced to 0.20 mM the NE-contractions were signif-
icant;y depressed (Figure 11). These findings are in agree-
‘ment with previous reports (Hudgins and Weiss,.l968; Cohen
and Berkowitz, 1976) which indicate that NE contractions
are not primarily dependent upon an extracellular source of
ca**. while the NE-induced contractions of the older dia-
betic tissues also seemed to be primariiy dependent upon

. ++
an intracellular source of Ca

, they were more suéceptible
to changes in external Ca++'than control responses (Figure
11). Thérevwas_a significant decrease in the maximum force
in response to NE when.thé‘external Ca++ was reduced'to
both 0.40 mM and 0.20 mM. This relationship may be inter-
preted to mean that the importance of extracellular Ca++
for NE contractions is altered in diabetes. |

Even though the maximal contractile force appeared
decreased, no diabetic state dependent change in maximai
- contractile force generated in response to KCl could be
demonstrated by a comparison of maximal contractile force
generated by either diabetic (14-20 days or 28-35’aays)
tissue versus its corresponding ége-métched control tissue
in the presence of 0.20 mM or 2.50 mM external Ca++ concen-

tration (Figures 13 and 16). Also no age dependent reduc-

tion in maximal contractile force generated in response to
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KC1 could be demonstrated in either the diabetic or control
tissue for the age groups studied (Figure 18). A subsen-
sitivity of the diabetic tissue to KCl was nofed when the
mean log EC50 of the diabetic tissue and the mean log EC50
of the control tissue were compared in the presence of 2.50
mM catt (Figures 12 and 15). This subsensitivity of dia-
betic tissue to KCl could not be demonstrated in the pres-
ence of 0.20 mM Ca' ' (Figures 14 and 17).

While the calcium dependency of the maximum contrac-
tile response to 5-HT inh the control aortae appears to in-
crease with age (Cohen and Berkowitz, 1976), this.is not
true for the calcium dgpendency of the maximum contractile
response in the diabetic aortae (Figure 25). The maximum
contractile response to 5-HT in the ol@ef diabetic group
(28-35 days) in the presence of either Of20Aor 2.50 mM Ca++
is significantly less than the maximum contractile response
to 5-HT in the corresponding age—matched control group
(Figure 23). A subsensitivity of both age groups of dia-
betic tissue to 5-HT was natéd‘wheﬁ the log EC50 of the
diabetic tissue and the log EC50 of the agefmatched control

tissue was compared in the presence”bf 2.50 mM external ca’t

concentration (Figures l9,and“22). In 6.20 mM external ca’’
this subsensitivity was noted in the younger diabetic tissue
group (14-20 days) but not.in the older diabetic tissue
group (28-35 days) (Figures 21 and 24). Determination of

the'pA2 value for a 5-HT antagonist would be necessary to

test if there has been any alteration of the interaction of
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the 5-HT receptot agonisﬁvwith the recegtor;calCiumaéomplex
or if there has been ah:alteraéion,in the receptor-calcium
complex itself with the diabetic étate.’ |

Another factor one must consider is ﬁhe structural
components of vascular.muscle. Bevan (1976) has demon-
strated. in hypertensive animals the ekisteﬁcé of a similar
time course of’increaéed arterial pressure and prolifera--
~tion of smooth muscle cells. Since smooth muscle cell
proliferation is one of the earliest étructural observations:
in atherosclerosis (Morrison and Scott, 1977), it is pos-
sible that an incfeased maximum force produced in the dia—‘A
betic tissue might be due.tp_proliferatioh of smooth muscle
cells. However, an‘increased maximum contractile force was
only developéd~in.response to NE in the.diabetic tissue.
5-HT actually caused a decreased contréctile force to be
developed in. the diabetic abrtae, while maximum contfactile
force in response to KCl and PE was not altered; This in-
dicates that‘smooth~muscle.proliferation does_ndt account
for the contractile force generated by the different agonists
in diabetic aortae.

‘45Ca efflux from aortae obtaiﬁed from diabetic (28-35
. days)<rats.plotted“asrdésaturation curves did not differ

45Ca efflux from aortae obtained from control rats

from
(Figure 35). The diabetic state did not affect the com-

ponent relative size wvalue, t,/2 value, or k value (Table 4).

Studies examining Ca++ uptake and catt efflux with the
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various contractile agonists (NE, KCl, 5-HT, and PE) would
be required to further define C&++ related contractions in
diabetes. |

When the-W§rk requirements of the heart are increased
. by pressure or volume overload, an increase in heart mass
occurs (Fanburg, 1970; Rabinowitz, 1972). Since_the maxi-
mum contractile force developed in response to the neuro-
transmitter NE by the diabetic aortae (28-35 days) was
elevated and also since insulin is known to decréase the
plasma volume of diabetics without complications‘(Mackay
et al., 1978) it was believed that heart mass might be in-
creased in the diabetic fats.

Procedures to normalize body weight weré resorted to
in orderAto assess cardiac enlargement since both groups of
diabetic rats (14-20 days and 28-35 days) weighed signifi-
éantly less than the corresponding age—matched groups of
control rats (Table 5). Left ventricle wet weight/body
weight, heart wet weight/body weight,.left ventricle dr&
Weight/body weight, and calculated heart dry weight/body
weight were body weight normalized‘parameters which in-
dicated that the diabetic (28—35~days) heart mass was
greater than the control heart masé (Tables.S and 6). A
further analysis of the wet Weight data led to questions
concerning the validity of using the wet weight/body weight
normalized parameters as evidence that the diabetic heart

mass was. greater than the control heart mass. When the wet
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weight/body weight normalized parameters of the younger
control group were compared to the wet weight/body weighﬁ
normalized paramefers of the older control group and the
- wet weight/body weight normalized parameters of the younger
‘diabetic group (14-20 days) were compared to the wet weigﬁt/
body weight normalized parameters of the oldér diabetic
group (28-35 days), the older groups weighed less than the
youngef grdups., The older control group wéighed signifi-
cantly less than the younger control group, while the de-
créased.weight of the older diabetic group was not signifi-
cant. However, anvana;ysis oﬁ'the dry weight data seemed
to confirm.that.the diabétic (28—35'days) heért mass was
" greater than the control heart mass; The dry weight/body
weight normalized pérameters ofiﬁhé younger control groﬁp
were greater, but not significantly greater'than~£he dry
 weight/body weight normélized’paraﬁéters of the older group.
The dry. weight/body wéight normélized parameters of the
younger diabetic group were less, but not significantly
less tﬁan the dry weight/body weight normalized paraméters
.0of the older group. Also the-right Qéntricleldry weight,
left ventricle dry weight, and.éalculated.heart dry weight
of the older diabetic rats were significantly,greate; than
the right ventricle dry weight, left ventricle dry weight,
and calculated heart dry weight of the younger diabetic
rats while the body weight of the older diabetic rats was

greater, but not significantly greater, than the body weight
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of the ypungér diabetic rats. Determination of blood pres-
sure, protein and DNA content, and a study of the incor-
poration of tritiated thymidine into cardiac tissue would
be of value in confirmin§ and expanding the conclusions
about increased heart mass derived from this study;

In conclusion, the present study proviaed evidence
that vascular responses to NE, KCl, and 5-HT are dif-
‘ferentially altered, while vascular'respbnses to PE are
essentially unalteréd in experimental diébetes.l This study
also indicates that ‘there is a change in the relative im-

* for NE, KCl, and 5-HT vas-

portance of extracellular Ca+
cular contractions in experimental diabetes. In the earlier
stages of the diabetic state the aortae were supersensitive
to NE»in:the presenée of lowered Ca++ concentrations. - Later
the aortae demonstrated a generalized increased reéponsive-
ness in maximum force developed to NE. Heart weight‘mass
appeared.to be increased in the older diabetic rats (28-35
days). Both age éroups (14-20 days diabetic, 8-9 weeks old-
and 28-35 days diabetic, 10-11 weeks old) of the diabetic
aortae werécsubsensytive to KC1l in the-presence of 2.50 mM
Ca++ concentration.. ﬁbth age .groups of diabetiq'aortae |
were subsensitive to 5-HT in the presence of 2,50 mM ca’ T,
while.only the youngef age group was subsensitive to 5-HT
in the presence of 0.20 mM external Ca++. The older group

of diabetic aortae demonstrated a generalized decreased

responsiveness in maximum contractile force developed to
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5-HT. The relationship between the differential alterations
of vascular responses in the diabetic rats to contractile
agonists cannot be defined at the present time. However,
‘it may reflect progressive cellular changes associated
with the_disease state. Nevertheless, all‘élterations

exhibited a dependency upon extracellular ca’ ™.



SUMMARY

Aortae obtained from rats diabetié for 14-20 days
were supersensitive in contractile:fesponse.to NE

in the presende of 0.20, 0.46, and 0.80 mM external
Ca++, but not in the presence of 2.50 mM external
Ca++ concentration. |

Aortae obtained from rats diabetic for 28-~35 days
showed a marked increase in maximum contractile forgé
in response to NE in the preSence of 0.20, 0.40, 0.80,
and 2.50 mM external Ca++ concentration.

The maximum contractile force developed in response to
NE was greater at all exterhavaa++ concentrations in
the oldef diébetic group (28-35 days diabetic, 10-11

weéks old) as compared to the younger diabetic group

 (14-20 days diabetic, 8-9 weeks old). There was no

significant difference when the two control groups

(10-11 weeks old versus 8-9 weeks old) were~compared.
Méximuﬁ contractile force devgloped in response to NE
in 2.50 mM.exterhal Ca++ was compared to the maxiﬁum

contractile force obtained from the same tissue in

0.20, 0.40, and 0.80 mM external Ca++., A significant

decrease was detected for the control rats (8-9 weeks
old and 10-11 weeks old) and for the younger diabetic

rats (14-20 days diabetic, 8-9 weeks old) in the

150



151
pfesence of 0.20 mM external ca®t. The older diabetic
rats exhibited a greater dependency on extracellular
cat?t as demonstrated by the significant decrease in
maximum contractile force develooment both in 0.40 and
0.20 mM external Ca++. -

Aortae obtained from diabetic rats (14-20 days and 28-
35 days) were subsensitive in contr&Ctile reséonse to
KCi in the pfesence of 2.50 mM external Ca++, but not
in the presence'of 0.20 mM external Ca'' concentration.
Aortae obtained:from diabetic rats.(l4—20 days) were
subsensitive in contractile response tO'S?ﬁT in fhe

presence of 0.20 and 2.50 mM’external,Ca++-concentra--

tion.

Aortae obtainedefrom diabetic rats (28-35 days) were
subsensitive ‘in contractile response to 5-HT in the
presence of 2.50 mM Ca++, but not in the presence of
0.20 mM external Ca'' concenﬁration.

Aortae:bbtained from rats diabetic for 28-35>days
showed a marked decrease in maximum contractile foice
in response to 5«HT in the presence of 0.20 and 2.50 mM
external.Ca++ concentration.

The contractile force developed in response to 5-HT was
sighificently greater in the presence of 2.50 mM exter-
+

nal Ca+ for the older control group (10-11l weeks o0ld)

- than for the younger control group (8-9 weeks old).

There was no significant difference when the older
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control group was compared to the younger control group
in the presence of 0.26 mM external ca®t. Neither was
there a significant difference when the two diabetic
groups (14-20 days diabetic,78—9 weeks old and 28-35
days diabetic, 10-11 Weeké oid) were‘éompared in the
presence of 0.20 mM external ca™t or in the presence
of 2.50 mM external Ca'’ concentration.

Aortae obtained from diabetic rats (14-20 days) con-'
tracted similar to aortae obtained from control rats
in responée to PE in the presence of 0.20 mM external

++

Ca . The pD2 of phenylephrine and the pA., of phentol-

2
amine were not significantly different for the dia-
betic and control aortae. |

Aortae obtained‘from'diabetic rats (28-35 days) con-
tracted similar to aortae obtained from control rats
in response to PE in the presence of. 2.50 mM éxternal
Ca++. The pD2 of phenylephrine and the pAz of phentoL—
amine were not significantly different for the diabetic
and control aortae. |
45Ca efflux from aortae plotted as desaturation curves
showed no significant difference between diabetic
(28-35 days) and controlrtissue.’ Component relative
size values, ty values, and k values were the same for
diabetic and control aortae.

Left ventricle dry weight/body weight and calculated

heart dry weight/body weight were two parameters which
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were greater for the diabetic rats (28-35 days) than
for the cont;ol rats. Also the right ventricle dry
weight, left ventricle dry weight, and calculated
heart dry weight of the older diabetic rats (28-35
days diabetic; 10-11 weeks old)'wereAsignificantly
greater than tﬂe right ventricle d?f’Weight, left
ventricle dry weight, and calculated heart dry-weighf
of the younger diabetic rats (14-20 days diabetic,
8-9 weeks old), while the body weight of the-older
diabefic rats was greater, but'not‘sighificéﬁtly
greater,.thaﬂ the body weight of the younger diabetic

rats.
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