CHAPTER FOUR

THE EFFECTS OF ALLOXAN DIABETES ON LIPASE ACTIVITIES

IN THE RAT SALIVARY GLAND -
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Several studies showed the consistent increase in Plasma
and serum triglyceride concentrations in diabetic condition
(Taskinen et al,, 1982; Tayler, 1981; Walden et al,, 1984),
This may result from decreased use of Plasma triglyceride by
tissues and they are not cleared by lipase (Robinson ,1970),

It is known that heparin releases two kinds of lipolytic
activities from tissues, hepastic triglyceride lipase (H-TGL)

and extrahepatic lipoprotein lipase (LPL) (LaRosa et al,, 1972;
Krauss, 1973), Further investigation on the origin of these
lipases have revealed that both LPL and HoTGL components are
‘heterogenous, the former resides chiefly in adipose tissue,
skeletal muscle, heart and mammary tissue (Nilsson-Ehle et al.,
1980) and later on in ovary, adrenal gland and liver, The
plasma free fatty acids are directed towards tissue for storage,
where as in digbetic condition or in fasting state about 50 %
are taken by the skeletal muscles and other tissues, Lipo-
protein lipase is key enzyme in this process, It is synthesised
in various cells from which it is secreted by energy requiring
process (Cryer et al,, 1975), The lipoprotein lipase molecules
is bound to glucosaminoglycans (Olivercrona et al,, 1977).

The chylomicrons in the circulation are, therefore, efficiently
hydrolyzed after the injection of heparin, as a result of
releasé numerous lipoprotein lipase molecules from the tissues,
Chylomicron consists of hdeOphobiC.lipids (triglycerides and
cholesterol esters) in the core of lipoprotein particles, the

surface of which is coated with polypeptides (apolipoproteins)
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and hydrophilic lipids {(phospholipids and cholesterol), 1In
adipose tissue the lipoprotein lipase activity has been found
to be increased about 3 to 6 hrs after repeated meals (Lithell
et al,, 1978; Pagano MiraniGostdijk et al,, 1983; Pykalisto
et al,, 1975) and insulin seems to be important hormonal
regulator (Sadur and Eckel, 1982), 1In insulin treated
diabetes, there is increase in Lipase activity in adipose
tissue, Psoas minor, heart and diphragm; in fasting also there
is decrease in lipase activity from liver, adipose tissue,
Psoas minor, diaphragm but not from the heart (Nomura et al,,

1984) ,

The above review indicates that lipase from some tissues
secreted into plasma involved in triglyceride metabolism

ie

removalrtriglyceride from plasma and the process is
insulin-dependent, The aim of the present study was to investi-
gate the effects of fasting and fasting fed alloxan diabetes on
lipase activities of salivary glandsJ as to investigate the

effect of insulin on lipase activity of salivary glands,

Material and Methods

Norwegian male rats (Rattus norvegicus) weighing about

200 to 225 gms were selected, About 80 rats were used for
experimental purpose which were maintained on their normal
diet, They were fasted overnight and diabetes was induced by
intraperitoneal injection of alloxan monohydrate (40 mg/250 gm

body weight in 1,00 ml of 0,9 ¥ saline), Controls were
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received 1,0 ml saline,

60 and 132}hrs af ter the alloxan administration six
rats from each group were fasted for 12 hrs, three of them
received food,after 12 hrs. of fasting for half an hour, then
all the twelve rats from each group were killed by cervical
dislocation along with their controls the salivary glands were
removed, weighed and used for the estimation of Lipase, The
Lipase was measured in millionits/mg protein and milliunits/gm
wet weight of the tissue by using 2-napthyl myristate (Arnold
and Kramer, 1965) as a substrate, Blood was collected from
sinus venosus by using heparin as an anticoagulant, Glucose
wWas estimated.by Folin Wu method (Hawk, 1965), Total proteins
were estimsted by using Lowry's method (Lowry et al,, 1951),

Results
i) Submandibular Gland

Lipase specific activities/mg protein and Lipase
activities/gm wet weight of the tissue from diabetic animals
were described in Table No, 5 and their specific activities
were depicted according to the concentration of glucose from
blood in graph no, 16 and according to the time after alloxan
administration in graph no, 17, The lipase activities/gm wet
weight of the tissue were shown according to the blood glucose
concentration in graph no, 18 and according to the time af ter
alloxan administration in graph no, 19, As the blood glucose

level increases there were decrease in the enzyme activities,
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The decrease was significant (see graph no, 16 and 18), The
specific enzyme activities of fasted controls were compared
with 72 hrs diasbetes fasted for 12 hrs, there was a significant
difference (P ¢ 0,05), But when control fasted fed was compared
with alloxan fasting feeding, there was a highly significant
difference (P ¢ 0,01),

In enzymatic activities/gm also there was decrease as
that of specific activities in both the cases, there was a
highly significant difference (P ¢ O,Ql) . between controls
and diabetes,

In 72 hrs, fasted alloxan diabetes the specific activity
was 20,5877 + 0,4142 and in fasted controls it was 22,4273 +
0,2341, 1In fasted but fed alloxan diabetes the specific
activity was 19,8785 + 0,2217 and it was 32,5348 + 1 3813 in

controls, The decrease was about two fold,

The lipase activity/gm of submandibular gland of 72 hrs
alloxan diabetes fasted for 12 hrs showed s highly significant
difference (P ¢ 0,01) when compared with its respective controls,
The lipase activity of fasted alloxan diabetes was 1041 66 +
13,8112 and in its respective controls it was 1383,33 + 1,3608,
The highly significant difference between the lipase activities
of submandibular gland of fasted but fed alloxan diabetes and
controls was also noticed, It was P ¢« 0,01, The activity in
diabetic animals was 1087,50 + 26,5167 and in controls it was

1966 66 + 54,4347,



SH 10°0

SH 10°0

SH T0°0

jue st yrubtsuoy
jue o73TubTs

juesyjTubys ATUubH

€* £82Z0°¢ + 00°066

£* LpEt vS * 9979961

£+ £82v°6 + 007086

-

€* 809c' T + £€£7£8eT

€% L9TC 9T + 0571801

£ e PG + 9979961

£+* ZIT&'eT + 99" IvO1

£* 809e"1 + ££7¢€8¢e1

SH 10°0

SN GO0

SH 16°0

s ee

s

‘wpueIO XBINgTpuruqng, ICH 8Y3 ul asedT] jo

SN

2]

(ol ]

{384

£ % LIzT'O *

58

€% Ipe2’'C +

86£°0 +

£18e°1 +

$066° 0 +

ez 0 +

€IBe" 1 +

ZpIp 0 +

-

-

W3s

8cze’ 61
86EG e
€9V 61

cLev'ze
88761
8ves ¢
Ligs oz

eLzvr'ze

SaT}ITATLIOP IT13TI03dg

S3TITATIOF pue SOT3TATIOY ST13T08dS 8Yz U0 $238GETQ LUBXOTTV 3O 339333

sTewtue jo Iequnu ayj siussardaxs

W3S ¥ ueaw se passaadxa aie $31nSay

8¥50" ¢z + 00’82l

I16T1'1T + 88" 9

w1+ 00"z

66220 ¥ OL°GH

£962°T ¥ 117111

+162°T ¥+ O 2v

- —

ZEL'T * G5GOT

S69Z°T + SO' v

-

W3S +
*sucs ssoonis

Z

av

30

(347} ay T butpesy
+ Butysej uexoily

Z

(333) 14 T Buipeay
+ bButyse; joIu0D

(4v) Iy z1
burysey uexoriv

(42) 3y 21
Butysey joxjuosd

s emTUY

-

B

uoT3eI1s TUTWEY

[ 271

L

L

P .

uexoTTY

I8 swIl

¢ "on 8iqeL

* ON
o.HW



40\

Specitic Lipase Activity /mg protein

24t

GRAPH NO.16
Specific Activity of Lipase in the Submandibular Gland against the

Concentration of Glucose.

Scale -

On X axis

2 cm = 16 mg glucose.
Cn Y axis

4 cm =8 milliunits.

|——| Fasting.

j};;{; |----| Fasting, Feeding.
N

A 5 4

6 32 48 64 80 96 112 128
mg glucose/100 ml of Blood.

Each point represents a mean of 3 animals. Vertical bar denctes # SENM.
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GRAPH NO.17
Effect of Alloxan Ciabetes on the Specific Activities of
Lipase in the Submandibular Gland.

Scale -
On Y axis

2 cm = 5 pilliunits.

Lipase activity
after Fasting
and Feeding.

Lipase activity
after Fasting .
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Activities of Lipase/gm
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GRAPH NO.18

Activities of lipase in the Submandibular Gland against the

Concentration of Glucose in the Blood.

Scale -
On X axis
2 cm = 20 mg glucose.
{ E On Y axis
\ 5 cm = 500 milliunits.
\\ |——]| Fasting.
\\ | -~--| Fasting, Feeding.

20 40 140

Each point represents a mean of 3 animals. Vertical bar denotes i SEM.

60 80 100 120

mg glucose/100 ml of blood
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Activities of Lipase/gm
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GRAPH NO.19

Effect of Alloxan Diabetes on the Activities of Lipase

in the Submandibular Gland.

Scale -
On Y axis
5c¢m = 500 milliunits.

Lipase Activity
after Fasting,

Feeding.
. Lipase Activity
- after Fasting.
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where,
CF = Control Fasting. CFF = Control Fasting, Feeding
AF = Alloxan Fasting. AFF = Alloxan Fasting, Feeding



54

In 144 hrs alloxan diabetes fasted for . : 12 hrs
the specific activity was 19,4963 + 0,9904 and in controls
it was 22 4273 + 0_2341, the difference was non significant
(P > 0,05) but in fasted, fed alloxan diabetes the specific
activity was 19,8258 + 0,398 and in controls it was 32,5348
+ 1.3813, The difference was very significant (P ¢ 0,01),

When the lipase activity/gm of the tissue of 144 hrs,
alloxan diabetes fasted for 12 hrs, was compared with their
controls, there was a hiéhly significant difference (P < 0,01),
In submaendibular gland of diabetes it was 980»00 + 9,4283 and
in controls it was 1383,33 + 1,3608,

The very significant difference was revealed in lipase
activities between 144 hrs fasted but fed alloxan diabetes and
controls (P < 0,01), In alloxan diabetes it was 990,00 +
5,4283 and in controls it was 1966 ,66 + 54,4347,

The specific activities 2s well as lipase activities
went on decreasing according to the time and glucose concentra-
tion as glucose concentration went on increasing after the

alloxan administration,

ii) sublingual Gland

The lipase specific activities/mg protein and lipase
‘activities/gm wet weight of the sublingual gland from diabetic
animals were described in Table No, 6 and their specific

activities and activities were plotted according to the blood
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glucose concentration in graph no, 20 and 22 respectively
and according to the time after alloxan administration in
graph No, 21, 23 respectively, As the blood glucose level

increased there were decrease in the enzyme activities, The

decrease was significant (see graph No, 20 and 22),

The specific enzyme activities of fasted controls were
compared with 72 hrs disbetes fasted for 12 hrs, but difference
was non significant (P > 0,08), But when fasted fed controls
were compared with fasted fed disbetic animals, there was a

significant difference (P ¢ 0,01),

In enzymatic activities/gm tissue also there was
decrease like that of specific activities in both the cases,
there was a very significant difference (P < 0,01) . between

controls and digabetes,

In 72 hrs fasted alloxan diabetes the specific activity
of the sublingual gland lipase was 46,555 + 2,9791 and in
fasted controls it was 59,0563 + 2,58l1, 1In fasted but fed
alloxan diabetes the specific activity was 35,3881 + 3,4575
and it was 66,8572 + 1,688l in controls, The difference was
highly significant at the level of P ¢ 0,01,

The lipase activity ' . per gm sublingual gland of 72 hrs
alloxan diabetes fasted for 12 hrs showed a highly significant
difference (P < O,Ol)J when compared with its respective
control, The lipase activity of fasted alloxan diabetes was

135,00 + 26 2474 and in controls it was 2591 ,66 + 17 0516,
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The still more significant difference between the lipase
activities of sublingual glsnd of fasted but fed alloxan
d@abetes and controls was noticed, It was at the level of

P ¢« 0,Cl, The enzyme activity in the sublinguals of diabetic
Tats was 1375,00 + 53,0335 and in controls it was 3083,33 +
14,4020,

In 144 hrs alloxan diabetes fasted for 12 hrs the
specific activity was 44 7008 + 1,852 and in controls it was
5, 0%3 + 2,5811, the difference was significant (P < 0,C5)
but in fasted, fed alloxan diabetes there was more décrease
in the enzyme activity, the specific activity was 32,1308 +
1,7053 and in fasted fed controls it was 66,8572 + 1,6681,

The difference was highly significant at the level of P ¢ 0,01,
In between 144 hrs alloxan diabetes fasted for 12 hrs and
controls there was a highly significant difference (P ¢ O,C1l),
In disbetes sublingual glends,the activity was 1200,00 + 47141
and in controls 2591 ,66 + 17,0516, The highly significant
difference was revealed in lipase activities between fed 144
hrs alloxan digzbetes and controls (P ¢ 0,C1), In alloxan
diabetes it was 1210,00 + 4,7141 and in controls it was
3083,33 + 14,4020,

The specific activities/mg protein as well as lipase
activities/gm tissue were decreased according to the time
after alloxan administration and glucose concentration as it

also increased after alloxan injection,
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Specific Lipase Activity/mg protein.
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GRAPH NO.20
Specific Activity of lipase in the Sublingual Gland against
the Concentration of Glucose in Blood.

Scale -
Cn X axis

A;{;E{; 2 cm = 16 mg glucose.
“On Y axis

\ 3 ¢cm=10 milliunits.

|———o1/ Fasting.

|-—--| Fasting, Feeding.

s

6 32 48 6 8 96 112 128
mg glucose/100 ml of Elood.
Each point represents a mean cf 3 animals. Vertical bar denotes = SEM.
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GRAPH NO.21

in the Sublingual Gland.

Effect of Alloxan Liabetes on the Specific Activities of Lifpase

Scale -
On Y axis
2 cm = 10 milliunits.

Lipase Activity
after Fasting,

Feeding.
Lipase Activity
60 after Fasting.
wo | S
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Where,CF = Control Fasting. CFF = Control Fasting, Feed?ng.
AF = Alloxan Fasting. AFF = Alloxan Fasting, Feeding.
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GRAPH NO.22
Activities of Lipase in the Sublingual Gland against the
Concentration of Glucose in Blood.

Scale -

On X axis

2 cm = 20 mg Glucose.
On Y axis.

5 cm = 1000 milliunits.

|———| Fasting.

|---—] Fasting, Feeding.

20 40 60 80 100 120 140
‘ mg glucose/100 ml of Blood.
Each point represents a mean of 3 animals. Vertical bar denotes + SEM,
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GRAPH NO.23

Effect of Alloxan Diabetes on the Activities of Lipase

in the Sublingual Gland.

Scale -
On Y axis
5 cm = 1000 milliunits.

Lipase Activity
after Fasting,

Feeding.
Lipase Activity
after Fasting.
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where, ' .
CF = Control Fasting. CFF = Control Fasting, Feeding.
AF = Alloxan Fasting. AFF = Alloxan Fasting, Feeding.
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iii) Parotid Gland

Lipase specific activities/mg protein and Lipase
activities/gm wet weight of the parotid gland diabetic
animals were shown in Table No, 7 and their specific activities
were depicted according to the glucose concentration from
blood in greph no, 24 and according to the time after alloxan
administration in graph No, 25, The lipase activities/gm wét
weight of the tissue were plotted against the blood glucose
concentration in graph No, 26, and according to the time after
alloxan administration in graph No, 27, As the blood glucose
levels increased there were decrease in the enzymatic activities
(See graph No, 24 & 26)L The specific enzyme activities of
12 hrs fasted controls compared with fasted 72 hrs alloxan
diabetes, there was a very significant difference (P ¢ O,Cl),
But when control fasted, fed was compared with fasted, fed
alloxan diabetes, there was no significant difference (P>0,05),

In enzymatic activities also there was decrease as that
of specific activities in both the cases, there were highly
significant differences (P < 0,C1),

The lipase activity of parotid gland of 72 hrs alloxan
diabetes fasted for 12 hrs showed a highly significant
difference (P ¢ 0,01) when compared with its respective
control, The lipase activity of fasted alloxan diabetes was
1133333 + 33,1133 and in control it was 2133,33 + 14,4020,

The highly significant difference between the‘lipase activities
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of parotid gland of fasted but fed alloxan diabetes and
controls was shown, It was highly significant (P ¢ 0,C1),
The activity in diabetic animal was 1300,00 # 35,356 and in
control it was 2716 ,66 + 14,4020,

In 144 hrs alloxsn disbetes fasted for 12 hrs, the
specific activity was 22,1095 + 0,6147 and in fasted controls
it was 34,4063 # 0,9437, the difference was highly significant
(P ¢0,0l), In fasted, fed alloxan diabetes the specific
activity was 24,6335 + 0,4539 and in controls it was 41,15%8
+ 1,6483, The difference was very significant (P < O,C1),

When the lipase aciivity of 144 hrs alloxan diabetes
fasted for 12 hrs was compared with fasted controls, there was
a very significant difference at the level of P ¢ 0,01, In
parotid gland of diabetes it was 1103,33 + 7,2010 end in
controls it was 2133, 33 + 14,4020, The highly significant
difference was révealed in lipase activities between 12 hrs
fasted fed 144 hrs alloxan diabetes and controls (P ¢ 0,01),
In alloxan diabetes it was 1230,00 + 9,4283 and in controls it
was 2716 66 + 14,4020,

The specific activities as well as lipase activities
went on decreasing according to the time and concentration of
glucose, The glucose concentration was increased gradually

af ter the alloxan administration,
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GRAPH NQ.24
Specific Activity of lipase in the Parotid Gland against the
Concentration of Glucose in Elood.

Scale -

Cn X axis

2 cm = 1€ mg glucose.
On Y axis

2 cm =5 pilliunits.

| ——| Fasting.

i};{{; |----| Fasting, Feeding.
~—.
\\

6 32 48 e 80 9% 12 128
mg glucose/100 ml of Blcod.
Each point represents a mean of 3 animals. Vertical bar denotes + SEM.
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GRAPH NO.25

Effect of Alloxan Liabetes on the Specific Activities
of lipase in the Parotid Gland.

Scale -
On Y axis
4 cm = 10 milliunits,

Lipase Activity after
Fasting, Feeding.

Lipase Activity after
Fasting.
-
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where, CF = Control Fasting. CFF = Control Fasting, Feeding.
AF = Alloxan Fasting. AFF = Alloxan Fasting, Feeding.
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GRAPH NO.26
Activities of Lipgse in the Parotid Gland against the
Concentration of Glucose in Blood.
Scale -
On X axis

2 cm = 20 mg glucose.
Cn Y Axis

5 cm = 1000 milliunits.

|—| Fasting.
|----| Fasting, Feeding.

"

20 40 60 80 100 120 140

mg glucose/100 ml of Blood.

Each point represents a mean of 3 animals. Vertical bar derctes 2z SEM.
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GRAPH NO.27
Effect of Alloxan Diabetes on the activities of Lipase

in the Parotid Gland.
Scale -
(n Y axis
5 cm = 1000 milliunits.
Lipase activity
3000 - after Fasting,
Feeding.
Lipase activity
after Fasting.
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where,
CF = Control Fasting. CFF = Cortrol Fasting, Feeding.
AF = Alloxan Fasting. AFF = Alloxan Fasting, Feeding.
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Discussion

The current study demonstrates that in alloxan diabetes
lipase activities are affected, both specific/mg protein and
activities/gm, wet eight of the salivary glands,

We have demonstrated reduction in the lipase activities
duet%tarvation and after the inductioniglloxan diabetes in rat
salivary glands, The lipase activities studied during starva-
tion and diabetic condition showed éhe decrease in the lipase
activities in all major salivary glands, In submandibular
gland the decrease can be corrolated with the glucose concentra-
tion in blood, At low glucose concentration of fasted but fed
animals asctivities were very high but gredually and significantly
they were reduced as glucose concentration increased after the
alloxan administration, A very slowl' and gradual decrease in
lipase activity was noticed in fasted animals, but decrease
was significant and can be corrolated with increase in glucose
concentration, 1In sublingual glend, decrease in specific lipase
activity was pronounced in fasting but fed animals at higher
glucose concentration (Graph No, 20), The enzyme activities
was very low in fed animals and it was even lower than the
fasted ones, In parotid gland also lipase activities/mg protein
and per gm tissue were high at low concentration of glucose but
gradual and slowly decrease in lipase activities was noticed at
higher concentrations, the decrease was there even in fed animals,
The time after the alloxan administration also showed decrease

in lipase activity during late diabetic condition when there
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was increase in glucose concentration, This showsthat in
fasting but fed controls lipase activity was very high, but
in fasting controls it was low, omd in alloxan diabetes enzyme

activities of fed animals was lower than the fasting ones,

In fasting,activity'which was reduced could be restored
by refeeding, Previcus findings of others also showed that in
fasting of rats there is decrease in lipase sctivity in liver
(Nomura et al,, 1982), adipose tissues (Elkeles and Hambley, 1977.
Wings and Robinson, 1968; Tan et al,, 1977), diaphragm
(Borésztain et al,, 1972; Linder et al,, 1976), here in the
present investigation after refeeding the activity of lipase
did not restored but it further decreased, Graphs recording
lipase activities against glucose concentration clearly showed
that at high concentration of glucose, in fed animals there is

steep decrease in lipase activities,

In diabetic animals also there were changes in salivary
gland lipase activities similar to these of fasted and fasted
but fed, When there was low blood glucose concentration and
animals were fasted for 12 hrs lipase activities were high but
at higher concentration of glucose in alloxan treated rats,
there was decrease ih lipase activity, Chen et al, (1979)
indicatéd that the insulin deficient rats were incapable of
increase in adipose tissue lipase activity, Wada et al, (1983)
showed inhibition of lipoprotein lipase bound to coronary
vessels of heart in diabetic condition, Nakai et al, (1979),

reported decreased hepatic triglycerides lipase activity in
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streptozotocin treated animals, TheSe evidences strongly
suggest that insulin is the hormone involved in the reqgulation
of the tissue specific lipase system, Kessler (1963) also
pointed out possible role of insulin in regulation of heart
lipase, But why there is decrease in lipase activity in
refeeding of animals from alloxan fasting feeding (AFF) than
alloxan fasting both at 72 and 144 hrs, of diabetic animals?
The exact cause of it can not be eXplained at this momeni, the

further work is essential,

The evidence that the tissue specific lipase activity
is important determinant of the ability of the tissue to remove
" plasma triglycerides from the circulation has been reviewed by
Robinson (1970) and Scow et al, (1976), Thus it is probable
that the changes in the enzyme activities among the tissues
under the hormonal and nutritional environment might determine
the direction of plasma triglyceride to certain tissues, In
the present investigation it was clearly indicated that the
lipase activities of salivary glands are changed not only by
starvation of normal rats but also by withdrawal of insulin by
inducing alloxan diabetes, The decrease in the insulin dependant
lipase may be then the possible cause of elevation of plasma-

triglycerides in diasbetic animals,

Nomura et al, (1982) in their articles "The Effects of
fasting and streptazotocin Diabetes on Triglycericle Lipase
Activity of Rat Liver Plasma Membrane" showed the decrease in
lipsse activity in diabetes may be then due to damege to the
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plasma membrane, because susceptibility of microsomal membrane -

to lipid peroxidation is shown by Kornbrust asnd Maris (1979),

The presence of lipase in plasma membrane is shown by
Assmann et 3l,(1973), we feel to conclude that high lipid
peroxide accumulate in salivery gland of diabetic rats and
causes damage to the membrane bound lipase, which result in low
lipasse activity and high plasma triglycerides, But with this
conclusion, we are unable to explain decrease in lipase
activity in control fasted and increase in enzyme activity in
control fed animgls; or high level of lipase during lower
concentration of glucose and decrease in lipase activity at
higher concentration of glucose, it must be then insulin that
may be eleveting lipoprotein lipase in fed animals, as in these
animals, there is high insulin content and decrease in lipo-
protein lipsse in diabetic and fasted animals may be due to low

levels of insulin in blood,



