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of plasma PChE is the liver.' Human serum7PChE has been a o
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Ao - ' Human sérum pseudocholinesterase (PChE) has been widely H
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- - _ studied for its genetic polymorphism, but studies defining . |
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i - . . its physiological role have not been successful The origin -
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reported to be increased in hyperlipoproteinemia and obesity

A relationship between fopd assimilation and PChE’ was .
. L8 )
N i proposed on the basis of~ dietary experiments in mice. Furtber
. \
'studies in hyperphagic obese mice showed that both serum

However, adipose tissue PChE activity is decreased in obese .
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: o _ Whether such alterations are evident in genetically'_ 5
: ‘ i (zokker) fat (fa/fa) rats is not known. What is the-age_,f
'[ _?\\\ s - ' ‘ of obviously altered PChE activity in the liver and adipose B ; 3;_"
. J “-tissue of the-postweanling genetically obese (ob/ob) mouse? R
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‘b o f.' ff ' and livér PChE ictivity increased in response to overeatinq . '1
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_ What is the sub-cellular_locatign Qf PChE 4n thevliver of e
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Co PR : ob/ob mice? Whether dietary protein, carbohydratev—or—fatr- —H——cﬁ———
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influences PChE induction #n the liver is not clear.' Wget o

effect does specific inhibiti  'of PChE have on epinephrine-

e : - stimulated lipolysis? / ™\
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Male fa/fa rats and ‘ob/ob mice were used as experimental
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models of obesity_and diabetes. Dietary studies were done \:
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in male Swiss-Webstér mice. -Isolated rat adipocytes were

used to study the effect of specific inhibition of PChE
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? tissue PChE activity was not significantly different between o .

. 0%

:-the two groups. Linear regression analysis h&wed that

" og

. cellular changes in li

on‘epinephrineLStimulatédhlipolysis in vitro.° '°.”‘ . i o

‘7. [+¥e) ’ D e
° PChE was determined by colorimetric method. DSub¥ 'D'? °

‘0. O
PChE of obgob miqe were analyzef ar.

Q . o On

.
" by a cytochemical method for’ electronomicroscqpy. Q?tepof . Otf
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:glyOerol release was used as an iﬁdiCatogoof rate iipolysis.ey \

[

‘Glyceéol was determined by(a cclorimetric oen%ymatic mgthod
. Serum and liver PChE acti ty is significantly higher e L

GP<:0 Ol) in fa/fa rats when compared to le n. rats. Adipose .

o
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serdm PChE‘aCtiVitY haS a’ good positive correlation with P .

liver P@hE activity, serum triglycerides, body weight and

food intake.; .”"' , g—~\‘r '
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: Ar._, Liver PChE activity was, significantiy higher (P<50 05)

ok
in ob/ob mice than in lghn 1ittermates as early as 23 days

r
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" hand, significantly lower (P<0. 05) in ob/ob mice than in

nf%anp' hdiposeetissue—FGhE activity was, ‘on the other

Ve

lean littermates_as early as 23 days of age.. By cytochemical Sy

T

.electron microscopy, increased staining for PChE was, observed .

"in the rough endoplasmic reticulum of ob/ob mice. Albino_“

‘.mice with diﬁferent diets showed that high protein diets

_produced the greatest increase in PChE activity in the liver ‘
' Compared to high carbohydrate or high fat\diEts*\\gice fed . f‘.

a normal mouse diqt ad libitum had significantly higher -
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i © o (P<:0 05) liver PChE activity than those fed a- restricted !
RCRN - - 1 ' v
R oo ot n diet of 2 g of a normal - mouse chow per day. In albino 1'
¢ . cTe . A
;0 I .” mice, liver PChE activity varied ditectly with the protein i
0. - .2 < . , . L - - i
; o content in:the diet -0 ST S :
i . .A significantly higher (P<70 05) release of" glycerol ;
E;‘ .. from rat adipocytes ‘'was obserVed as expectedy in the : 3
. presence of epinephrine when compared to basal conditions. v '
;; ':L,,V . ; Propranplol, a beta—adrenorecsptor blccker,_decreased the 3
:_) ; WT "release of glycerol significantly (E’<O 05) - and also N :
A R inhibited pcma. 'the specific BChE inhibitor tetramonre- -
| o f.g; e isopropylpyrophosphoramide (Iso-OMPA) also significanﬁiy .
o,"} ﬁ' o : decreased (P<:0 05) the epinéphrine-stimulated lipolysis.
B . o Purified horse serum PChE shQWed 1o lipase activity and .
;o 'IS0-OMPA had no significant efféct on the lipase activity -
2 L of purifi?d triacylglycerol acylhydrolase (lipase) ip vitro. - e
i | . ) .
% o - Genetically obese (fa/fa) rats show alterations ‘in K §
} . - PChE activity similar_to that observed in obese human '
. '.é NG beings and mice. Liver and adipose tissuq PChE activity f
h.' \ l>‘ are altered in ob/ob mice before frank expression 'of obesity k
o i; W is evident. Increased synthisis is the apparent cause of . 'é
L . ' increased liver PdhE activity in the ob/ob mouse. Further E
- . !" " . 4
: ; ' confirmation réquires\studies_using immuno-precipitation : b
| % e ‘f- techniques. @biétary“stﬁdies ‘suggest that liver ‘PChE induc- + 1
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X ; . I",' o pseuddchblinesterase Lacylcholine a,cylhydrolase,- ’ LI

é C ’ EC; 3 1. l B@ChE) has been known to be present in mammals A =)
- ; ” for more than 40 years. 'During this time, a number of R
2 3 ., y hypotheses regarding the function ‘of PChE have ‘been """:' | : N i‘
- ; \ ’ . propos,edr,l including ones that suggest that PChE is involved '- | 7 :
'. L:' {/ ) “in nutritiofr (Waterlow, 1950 .Ger.ebtzoff, 1959) and lipid \:
é .,’ N metabolism (Clitherow, Mitchard & Harper, 1963 Ballantyne, . EE ‘
_,.," é S b 1966) ’ An assdciation between PChE, obesity and diabetes
. :’%U\ . has been frequently found not only in man but alsp in :
‘ i ‘3 . l experimental and.mal mod ls‘of obesity and diabetes (Kutty, B E
,\: ' \ ~‘ ":' 1980) ‘The. genetically obese (fa/fa) rat is another widely o ‘
\ \\\ used odel of experimental obesity (Bray & York, 1979) o
‘ . ‘ N Ii sf‘ila‘r{'alteratio,ns in’ serum, ;iver and adipose tissue | ‘
S 4 3 PChE activity are: observed, it would further demonstrate : K !
E‘: ) ‘,':. " the reprodutibility of these a‘lterations in another model :" ! Ny ! {
? . -:' of obesity ar df thus add ad'ditional evidence to the’ associa-." . '
‘ 7 _ tion between PChE, dbesity and diabetes. Ab\no‘r:naI liver e ‘ ' '

- s and adipgse tissue PChE activity have been observed in o, _.,J:' ‘ }

l . adult, genetically obese (ob/ob) mice (Kutty, l-}dang & Kean,‘ , 3
. * ‘.. 1981). However, when these changes in 'liver and adipose -~ 1
) . ‘ issue-PChn of the,, ob/ob mouse are evident 1s .hot known , ‘ fé
g ; - e ey could precede the fx{ank signs ‘o_ﬁ“obesity. Earlier : ot 3 ’l
\\::\L « “". observations suggest (Kutty, Hl\;ang & Kean, l§81 that a T"”'" J . " |
’ » ‘\ T * e high calorie intake is responsible for quantitative changes”“. - )
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- ,suggested but no evidence to support this‘ as the cause has |

-
S

: diabetic (db/db) and gold thioglucose-induced obese mice.

.~ A rela‘ionship between hormone\iensitive lipolysis and ‘\|
\ o

B /ahksociated is not kno nd requires further- examinat:l.on.

R

‘obesity. and diabetes, and nutrition are related..' Experi- v

in- PChE activity in obesity and diabetes.._

'be the sole dietary influence fén PChE, the effect of a
-

'specific type of diet should be examined. Elevated liver

'\.'_'PChE activity 1§ - found in certain anima‘lb models 'f“obesity

‘(Kutty, Huang & Kean, 1981) Increased synthesis has been :

v . el

I « been forthcoming. o .j. . ’ .

.
Adipose tissue PChE activity is reduced in ob/ob,

AN

B adipose tissue PChE has been forth but how they are

These aspects have to be investigated to show how PChE,- - :

: ~mental models-of gbesity and diabetes couJ.d be dsed to‘_, T

H .
~analyze these aspects. T B !
. L | . ‘_‘

'
. H
L . ., . . 'ﬁ‘ EAEN ) ] . \

Characteristics and PurifiCation of

. ) Serum and Lhiver Pseudocholinesterase L

&
._ ' '_ P . v . i

Alles & Hawes (1940)’ showed that there are several

o —

- biochemical“differences betweén red Cell cholinesterase

O

and serum cholinesterasé in man.-.
A%

Mendel & Rudney\(1943)

KRy
'

.rsubsequently showed th'at the serum cholinesterase was\ o

'This 'in-ay not .7

i s gl

e kas




——— e e et

e

"

e the sera of most mammals such as,human beings, dogs, and

R

T 3.1, 1 8 PChE) and true cholinestérase (acetylcholineu- |

‘v

: capable of not only hydrolyzing choline esters but also

non-choline esters such as tributynin. These authors

were the first to distinguish between the two cholinesterases.

\ N
.. as pseudocholinesterase (acylcholine acylhydrolase, Ec

‘rl- . .,' . .,-'.'l.
hydrolase, EC 3. l 1 7 i'etylcholinesterase, AChE).u, : Q A

)
rats, cholinesterase activity is due solely to PChE B

e n

(Silver, 1974) Moreover, Satler, Predan & Brzin (1974) ' fiffrih

. found that i@at liver, there is five\times more PChE

activity than that of AChE. PChE can be" further‘distinguished ,

" £rom "simple" esterases and AChE by the. selective and .' "
irreversible inhibition by tetramoﬂjisopropy1pyrophosphoramide
(Iso-OMPA) (Aldridge, 1953). R Lo
"\PChE exists as a’ group of isoenzymes in’both senum o
and tis;;es (Silver, 19?4) The C4 isocenzyme contributes '.I,u

90 95% of the total human serum PChE activity , It'is a.: _

tetramer (Muensch, Goedde & Yoshida, 1976) PChE isoenzymes
“r

 have been purified from a number of different 5 urces and ¢

include human Serum (Das & Liddell, 1970 Muens h et al,

4

., 1976 Lockridge, E/kerson ‘& La. Du;" 1979), and horse serum

l

(Lee [ Harpst, l973 Main, Souc{e, ‘Buxton & Ar nc, 1974'

Teng, Lee, Zinn & Carlson, 1976) PChE has al,o been :.‘
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” .
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. type s the serum PChE (Sawyer & Everett, l947)

.:":'damage (Brauer & Root, 1946) v

From these s;tudies, it appears that PChE is a glycoprotein

of molecular weight in the range cf 340 000 - 365 000 daltons

'\for- the tetramer. . The other isoenzymes have been shown to

¢

b ' either monomers or dimers depending on’ the source of

P \rificatiop (Masson, 1979 Rush et al _al 1980)

| \! nt ~ _ .' _
Se um and Liver PChE I
..u —~

The liver is generally assumed to be the site of

},production of serum PChE in mammals (Sil‘ver, 1974) and in .

-~

. the rat, the liver enzyme is considered to .be’ of the same " -

. _for this conclusion is'based on.. such observations as low

1evels of serum PChE in certain liver diseases (Antopol,

.,

'Schifrin & Tuchman, 1938) and after experimental liver o

i

.:between liver and serum PChE is indicated by the absence

of PChE activity in both liver biopsy specimens and serum B

| .
‘%f a patier{‘t which probably was of the 4"silent" gehe type-

Evidence v

Moreover, thev correlation . Lo L

(Doenicke, Gunter, Kreutzberg, Remes, Spiess & Steinbereithner,"

1963, Gunter, Kreutzberg & Doenicke, 1963) The correlation

between ‘the level of PChE and albumin in human serum has ' 'J"_

also been taken as evidence for the hepatic origin ‘of” PChE.,~ ./r
‘ The identity of liver and serum PChEs with respect to

-enzymatic properties is consistent with the conclusion that

i

. . . . . .
. . . X A N . . N

5; -

. .
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: the liver is the source of serum PChE (Silver,‘1974)
'Studies of certain molecular properties of liver PChE
_have also supported this view (Svensmark, 1963, Svensmark,

~1965) ' Garry, Prince & Notarr (1974) have made a careful

M

'a vaLue of 3 4 days. ,§.~f-

V{;factors such as age and sex {Siddel & Kamenskis, 1975),

7u3and pregnancy (Wetstone,_La Motta, Bellucci, Tennant &

. Al
' White, 1960) In the mouse 1iver, PChE activity increases

]

with increasing age { Barrows f Roeder, 1961).: There are

;reduced levels of serum PChE in pathological states such .

K

jas malnutrition, liver disease, cancef\ahd acute infectious

: diseases QAntQp l, et al,~1938° Vorhaus & Kark, 1953) ) The T

~

:‘reduced levels were interpreted to reflect a decreased

’_halfjlife determination of human serum PChE They reported-

'-Human serum PChE activity varies with physiological ;ﬂ"
s

rate_of_protein formation~(Brown, Kalow, Pilz*~Whittaker

. '.,' ST

'q & Woronick, 1981).‘
o [ " Physidlogical Function of PChE
. "B fir;niu- I - S

f. N No physiological function has been- unequivocally °

’ assigned tp PChE'"«A number of roles have, however, ulen o

put forth.\,Of these proposed roles, the involvement of

L

‘to the- substance of this thesis.

POhE in lipid'metabolism and nutrition are of importance-¢{'

et
\ (O




. ?
[N AP RVRVSEES S
.

-

Rasrc

to P~

.- PR . . Lo, .
A A L MM i s A P WP s e U e 1y e gy e o o  # e b AT
I .

[,

‘ choline qsterS'éroduced during fatty acid metabolism in the
. liver has been propo ed (Clitherow, et al a1 1963;- Ballantyne,
’_.1966). This proposa was originally made‘on the supposition
ﬂthat "PChE broke down butyrylcholine that could possibly '
- be formed by butyry{\sz and choline Butyrylcholine can

| & Panyukou, 1971) To date” hoqever, no evidence exists}'

I
i : .
i . . !

- _. i me . ',.. .
. . 1.
) I !‘E .,‘;);‘”\' \ 5
4 ""\ .;:\.'_ , ) - c L
- n gk < ; o
";\— \ . \T\-\ ._
.\.-.. .' e . . __.;‘____fll ‘
. - 7 o ‘
- v Lo ' i i 1 0 %
X oL . . A
' R .. T ' ' ’/ N a ’ . 5 S v ’ . 'N j s
: Function”in~pipid Metabolism Jror e R A

A-functionﬁfor PChE in the’ removal of intermediate e

cause PChE induction n the liver (Alisova, Oolgo—Daburov

I

- ¥
*for the presence of any water soluble acylcholine in serum . i
. F
of tissues of humans and animals, that.issuppOrtive of SN oA
','this theory, to assign such a function for PChE. ", ‘ ’“'f~ - o ? :
’ . . ot :."(-l-‘
: ' i
.{!

E f 'T:Role in Controlling Plasma Choline and Acetylcholine in _
g the Brain . . o o | | ‘ ‘ .}
h q&- r'.; Funnell & Oliver (1965) proposed\tmat PChE is involved V-{f: \", é
j \ 3in the homeostatic mechanism regulating the levels of choline ,f u.:,u
_in_the’ plasma and acetylcholine in the brain. They suggested :/1 '_”y.i
| ' that under certain experimental conditions, acetylcholine f_/ .;-t : i
SR ‘synthesis was dependent on‘the availability of free choline. /e f l
N : ' PChE was . proposed to function in the hydrolysis of choline ’ i ; 1
f ”..f ' esters and thus it may cqntrol the level of - free plasma | '
f-j o "nicholine.. The majority ‘of. oholine, however, found in plasma §o é
j'fi ' T g '«is bound to phospholipids such as phosphatidylcholine; the ] !
l.l' - latter is not a. substrate for PChE (Kutty, 1980) How, | if ';//;. 'ﬁ
T - _ , i
a . . g i
o - A iy s et B m_i_-..r..- -
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TR J
',g;; . v 4 N ‘l, . .\.//. - ) a
L f’ ~ SR : . 8l."¢ K
) k '- I. . \\\u" . .‘-
v ! I L ‘PChE functions to regulate pla ma choline is therefore i
1, 1 . o . . .
;? g} Lo ' not clear. o “, ' U R . \ . .. \ S
A : . )
= A ‘ & Sl L.
b ' PChE and Low De sity Lipopreteins : Sy "'\
1 ' .. T ' . ) : N
; o Lawrence & Melnick (1961) nggested that serum low»_'“ ;j~"4 C

. ' \

- u' ) withﬁPC E. They postulatéd that the complex was formed ty ?- :

J-ri- 's"a physical interaction. Alterna'ively, Kutty, Rowden a (. :h‘ , i-
%' :E- ' Cox (1973) hypothesized Ehat the .nteraction between'PCh%J;\ o Tf "“i '}
.g j,?‘ R 'fand IFw density lipoproteins is a‘ active one sinilar £$1 , lﬁjjj ;
:?.fg. the relationship between AChE and acetylcholine. It wasi,7 '; _E o i
‘L"g ! | % 'n__proposed that phosphOrylcholine,' he polar/head group'of‘ . ' i
?» é ‘ . fi“‘ -phosphatidylcholine, like acetylchtline:_will interact i .:'. ) %‘i
[ .§ .-'. ’:' .iwith the esteratic and anionic sit of PChE, and therefore ?“ b g §
!'- i R block the activity ) Two other observations support this[_ g
“g A ,.-:. 'fl ﬁ.proposal that PChE is-in an inacti ré functional state when _' ‘ .é
é..l ' : /complexed with low density lipopro eins. First, Kutty, o -."; %‘; T
_; | 3 S hRedheendran & Murp‘& (1977) observed that ‘rats treated with .;' ; é
! '§,1 S : .neostigmine, an anti-cholinesteraseJ would incorporate ' 1 {
g .L:. F ' . .lééser amounts. of 3H lysine into serum be a-lipoproteins i \
\. '.and moreintc»alpha-lipoprotein; comjared with the untreated.'.;;f ; '

is . & Peterson (1975)

' N N
‘ !\ - r to
) . B

e controls., Kutty, Jacob, Hutton, Da

.J[ '_3 reported similar observations in th‘_serum of a patient 3
. who had accidentally ingested ‘Pa athion, an organophosphate o i !
; . CL [
‘ PChE inhibitor.f During the : reo verynphase, the activity ' - g

) ' .

increased in parallel with the increase in beta-lipoproteins

0 e 7 ] "B B
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- PChE in Obesity and Hyperlipoproteinemia
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and a concomitant decrease in alpha—lipoproteins occurred.

3>

Only 10% of the total serum PChE actJ.vity can. be '

)

v recovered from low density lipoprotelns (Chu, Fontainel

[
L

| j Kutty, Murphy & Redheedran, 1978) _ This vwould therefore

account for only a fraction of the total PChE in the

. serum and would not assign a role for the remaining unbound

"\ o Lo
.

' Berryp, Cowin 3 Davies (1953) were: the first ta indicate SN

s

" . that there was a relationship between PChE and’ obesity In . -

a random population study, they shbwed that plasma PChE o
activity increases as the proportion of ‘body fat increases. '

‘More recently, Bentley, “Borel, Vaughan & Gandolfi (1982) - oo

~

.showed a positive 1inear correlation Hetweem human serum
e’

’

"PchE and body mass index. Serum PChE has been shown to be

/ increased in obese persons (Cuciuanu,, Popescu & St. Haragus,

'1968) . These ’findings were reaffirmed and extended by Chu,
\ .

'."et al, (1978) to demonstrate that a greater number of obese

' act.ivity )

..persons with hyperliloproteinemia had higher PS\E activity

N

than obese patients without hyperlipoproteinemia. ~Ina
recent study of 200 randomly selected hyperlipoproteinemic

patients, over 70% had significantly elevated serum PChE - ..

ompared to norma.l .persons.‘-f 'I'his was especially

Sat 1 e eanagte - e e

i e
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. 'Kutty, Huang & ‘Kean, 1983) .

g

Bogthy & Lazlo, I

Kean, 1981‘) In the obese animals, -liver and serum PChE

. f
were attributabMo ‘a l;ligh Calorie diet [Kut/y,wﬂ'uang &

! .
' i e T ._'. _
- L

-

's/i"gn'ificant in those ~"pereons'with types IIB. anpd v hyper—

'lipoproteinemia (Kutty, Jain, Huang &,\kean, 1981; Jain, -~ .

[

Durind experimental fattening in pigs, 's\erum PChE

N
Cashin (1979) reported elevated serum and: liver PChE activity

in "’ genet:l.cally obeee (ob/ob’ mice.' These ob.servations were
_.'reconfirmed in ob/ob mice and extended to lean mice treated

ith gold thioglucose to. induce Qbesity 11<utty, Huang &. S

;activity was. twn.ce tleat of 1ean animals.. The induced' changes

Kean, 1981) 'I‘heseb,cbslervations~are .supported by a more.

_ recent study tha-t"assoc'iates elevated -plasma PChE 'acti'v'ity

-with high calorie intake in ob/ob mice (Kutty, Kean, Jain T

IS

l&.Huang, 1983-) .. In addition, obese and lean mice tre‘ated
" with Iso—OMPA. showed a lower rateJof body weight gain
,de5pite food intake similar.r to the untreated controls (Kutty,_

: Kean.& Huang, i983);_._ 'I‘he reaBOn for' thie effec‘c is no‘c o

. . . L '""\',"'l .—\n : . -
‘ ' —
PChE in Diabetes . ",'

incregsed levels of Serum PChE activity (Antopol, Schif,rin, r._

Persons with diabetee' mellitue have been shown to have

. e 4ok, . Ll
'i_vity was obs’é‘:ired to increase (Popescu, Fekete, POpescu',"

S:Lmilarly, Kutty, Hillman, .Qhandra & :

R
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as J.ncreased body weight, were eviden

. & Kean, 1983)

_ PchE
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'-& Tuchnan,.1937- Farber, 1943) .3 Kutty, Huanq &, Kean (l98l)

demonstrated that,geneticall.y diabetic (db/db) mice have ‘
gerum and liver PChE activity twice that 6f lean controls

These observed differences were also cpncluded to be due to

i /

high calorie intake.; Further studies in db/db mice showed/ (

that plasxha PChE activity was siqnificanbly higher than lean

1ittermates at an age Before obvibus signs of obesity such

\a'

diet, no increase in either serum PChE actiwty or body

eight was observed (Kutty, Jain, H‘uang & Kean,

o™ 1983-)

This

_and excéssive food intake.

- T - : v A,
. L . HEN 4

: T A MRS P,

LR A o -

pChE

in- Nutrit:ion R ,

oo~ Harrisonv& Brown (1951) demonstrated that adult male

rats
decrease in liz'er PChE activi.ty but no change in plasmi.

PChE activ:i.ty .
\.

this effect in younger male rats and found that plasma PChE .:- j |

activity dec/reased within 1. day of starVatiOn._. In the 1;Lver,

Henderson e} al (1971) found a 50% decrease within 24 hours

,\ *‘ » h

of starvat on- when liver PChE activity was expressed as per

1

,100 g It 1ﬁ’ody weight.

",.'(Kutty, Uain, huang \,‘_

was taken as Another prOof for a relationship between

when starved for a, period of up to 6 daYS produced a ) ,‘

Henderson, Hamilton & King‘ (1971) re-examined

Liver PChE wa.s shoWn tb be de-f. f'. -

P

t - v

! 4°

) k K2
.. 9

When the db/db mice were placed on a restricted ' ‘.'- ?":

.presgfed in almOurished infants but returns to normal wheri" \
v‘ . ‘ - ' ; g - . .‘.' ) :.'. l" 1 .,: . v
A \",: ) \ ! . \. : A ’ .- g

i e A e ] .
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" ’ that PChE had ‘a. role in food assimilaation (Gerebtzo,ff 1959)

o basis of the regeneration rates of ganglionic AChE after . "540

- arf?mert, Barnes & Lev1tsk'y (1975) concluded that the
iti

KOe.le, Koelle & Smyrl (1973) anj/ Siddows &“Koélle

. '6’5‘ _Achia__ ih

- 3 .
g selea.tive ‘inhibition of: Asb,i, and 3) inactivation of both

bread, after -a 48 hour starvation, shOwed aq increase in

-o'- »

liver PChE activity after the refeedin.go and it\’ was concluded

\NJ

L *In kwashiorkor, a. form of protein malnutrition, PChE activity

\ ~

in the serum was decreased however it increased when treat- PR L -

ment Was administered (Burqh, Arroyave, Schwartz‘ Padilla,. L

C s

Behar-, Viteri & Scrimshaw, 1957) Barrows & Iheder (1961$ ; ‘-,'i o
1 Giomytoy ! ' . /,‘ R ‘”’_k‘
showed that when rats are depleted of protein, liver PChE ) v .
.8 --3_“ — -}
ctivity decreases. Similar results were obtained i’n the >

mouse (Leto, Kokkonen & BCx{ows, 1976) Undernourishmenb

' of rat pups caused a. decr se "in- PChE activjfy of tm “heartL ~‘

M 5

’ -‘q-

nut onal status alters the activity of PChE irr rat heart

.. s PR L ,;'- S L NV PPERERT AU I
s /0’- B T oLt '.',:',~"-"'.', T P T P s VL]

cher Propdsed Ro].es for PChE DT f-' -s AT \ l

(1977) h\ e suggested tha' pcn&a funct

3

ons as a precursor ©

R
o

M‘?" - / R
nervotzs t su . This pro osal was made on the '

b 1’-'-'

'1) irreversib\le inactivation of both AChE and PChE,"\Z-)

Sl IRETIC AR

AChE and‘PChE followed by

L This theory does not address the’ rolevof PChl;: Outside the
ne,rvous system. g :3.’,. o .,,;:.}_{‘ T e T ‘:.f o '

ntinued suppréfssion of PChE f: i S & 5

-

o s,

Loy R [ .
el e b e

A . N . M L. - h
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R TE'.." N , . . . .B - SRR &

i 5 ' - ' . . 2 . ‘k o N
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Lok } their, nntrition was improved (Waterlow, 1950) . JMice refed O,




.' AN.F*_‘;W“F” ) - . .‘4 : : A o ey , . ,
] ' \ Earl & Thompson (1952) proposed that PChE has a role~
i 3 , i in the maintenante of the myelin sheath -They-suggested
L\.é-' ' . this .on the observation that some organophosphorus anti— .
'} . cholinesterases caused demyelination at sufficient doses o ‘? .
E Y to inhibit-PChE However, not all anti—cholinesterases 'f:. . ?3 ;
u%_ . ) , have been demonstrated to cause this effect (Davies, 1963) . E ‘T.‘~ [
.*% .h | _ PChE, “in neurons, has been suggested to act as a‘safety |
_.; 1 mechanlsm by hydrolyzing acetylcholine should AChE become ,
J inhibited by excess transmitter (Shute & - Lewis, 1963) How'}.m: ;..
Fd this relates to PChE outside the nervous system is not clear.'. iiﬁfu't
‘ PChE has been found to be associated with many membranes | ‘ ‘
v across which transport of water and’ ions 1s tdking place. h'f.lfiﬁ.; '\u
e L Augustinsson (1955) showed biochemically that PChE is. '1-';2?’”“ ' f'yf_g
| y . ) ', located in the acinar cells, dud@s, or both of salivary .f{-;f. 'f'.;:ﬁ i
nL4 gfI;' | glands in the rat.__Koblick Goldman & Pace (1962) observed .1;; . i;‘?
'E‘ . T‘aaghd that PChE is’ present in frog skin and suggestJd that PChE S i
:"ifu:““” is involved\in active sodium transport Fourman (1966) ‘;.{--;,; ;\;L‘g
ijigfj{ demonstrated that PChE is located im the thick portion of - AP ;
b_'f;:‘ : the loop of Henle of rat nephrons.;-Fourman (1969) also . o mi
f .7/?' .: proposed that PChE found in the salt gland of duck was f-v:,jfz';}u j;
Gj é . 'i:: ,associated With sodium transport at this site. Bedause . g.. : ‘}'i- é
:MRE ’ 'tt of this association with many different tissues, the hypo-".l ‘. +
5 - ’thesis that PChE has a function in membrane permeability -'}fi;fﬁaf% -{ii
. has been put forward (Koblick et al,,l962 Fourman,‘1969)., f*zj'_if' ;;j
> L ’ : - - SN ' v 4":1!
L”ﬁ;wg;ﬁl; .Tﬁhl'.ﬁx S T L e g e ey sl
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N 5 x. |,, g
Ay o ‘HoweVer, these claims for such a role aralbased (l) on the T \
L ' 'ueffects of drugs which were best known for their antir »”' - n
o NI cholinesterase properties and (Z)zthe coincident pfesence o
SN TR “fof PChE‘at*sitea wheré‘water and ions are represented N R
. E-' ) LN ;These types of evidence are nodt . conclusive.. v L.' o P Wt d
o l n . "\;:N“ ' e AR o ‘ e ,‘ L TR - R s k\w _“'.\es . :
) -.‘E , .\._: . . Q W . ) \ ) B} - d ,"' - C ':-_\ ’ :;, ' 4.__-0“, % T " : . LR \:', . . -"' - ___4 !
. ) ' . o l‘ e . . ' B ,’ "1‘ _:' ;...‘ i
T R TR Adipose Tissue PChE . RTINS A A R
DRSS {\\: o ’ ,,' TR ‘\if' e A e Voo St "'4_".‘.‘
Cob Lf Localization of PChE,ih AdinSe Tdssue af'fﬁjf". R xﬂ“?\r_ N
R ' a te, 5 RSO /_‘ K 4 : » Y Coa ‘11 .,,‘
. R " Salvador & Kuntzman (i965) swaed the presence of PChE BT
‘ G e NS E U . . . * 3
'l‘ " Yt e v ‘ : ) "". ' e * 1
i B ,in adipose tiseue. They demonstrated the intracellular N S
B T A f Ty : Lo i
CEEe i 1ocalization of PGhE.- However,*they considéred the presence Dt e
N N ¥ T ‘."l._r . N N _'_ \ AR} PRl .;_ 12
S ST ;of such activity to be cdnsistent with a chplinengio‘fﬂ;';ﬁjf AN
RIS T SE LT
L —— .innervatioﬁ,of the tissue.m In another\study, Ballantyne 3 N
"l“ R ",_.:".'- . ‘. . o . . ' ’ . ‘
S ,(1968) showed that thevPChE activity was present in thew-' f:- > 4
R S S PSR - L N
' f*-':f B Lo fa cells, and only a small amount in nerves._ He conclude& ‘ i
ke ” "i'fl'\that ‘these nerves were prdbably sympathetic in type.. Their'f“ i
T S [ “"r ’ --Z'-' .-.
E R SN T -_conclusionswerebaeed on higtochemical and bibchemical . ::
U L ; n Ck
o , methods using differential,substrates and specific inhibitors- .
'_L [., .«:l . . s ,' ) , . .
L ' 'for'PChE The hisébchemical evidence showed, by light - LW' p

0 ,

. microsoopy, that the activity was mdst intense towards

the periphery of the cytoplasm,(Ballantyne, 1968).~
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'i' 5'; } ; PChE Activity in Adipose Tissue of Obese Animals S :-{; T A
S VN D : ) s &
:J'“;'t . L Obese mice, in cgntrast to lean mice, have lower PChE .
' *1% S . activity in the adipose tissue Kutty, Huang & Kean (1981) S
:‘g-f _ _@ showed that ob/ob and db/ab adult mice have adipose tissue- h HE}“_
'%‘ ““' PChE\activity that is 50% of 1ean controls. These authors :
MY . 7. : o “s oy . s ? 1.' ..*r(. . ST T .
o 4 et ’reported similar observations in 1ean mice treated with B S
g v e R A LS RIS IR S S L
b L fgold thioglucase to indqce obesityr The{induced changeé“j ‘g3y§‘¥‘ f
i ? 1 were considered to bs due to high calorie intake.} }' _fﬂ i B fﬂ' ,
x. ,;:3 X .'-4 ' e s » ‘ . v ‘:'r 5 \ : \,\ .‘ - : | . ,__“--: -;-;'_,. v, o ’ , ‘x . |
R i - ! ¢ o ; RS e L J L
.v ,Q f ; ‘e : oo , . . . . »“ . . i A . \" N R N ." . \, o _‘f":. .-.-\
.zt?{ v e - ‘ Possible Lipolytic Function of PChE in\Adipose iissue o 1'?% I | :
v :‘ _'. : o ".v, S LI Ve BN v P o L y' “'.\..‘ . T
-L..{ Qﬂ“v; . The'possibiiity that PChE might have soﬁe relationship : o
. :;: -'. : - o ) ' s " : . : j l e Lo " \ [ ] .—:’ "{
Tj\i - .j .to: lipolytic funcfiom was suggested by studies using anti- S ey i
~ ) \ ii N s " L T - B ' ! {‘: . NS _., 3
' %u cewl t,¢~’5'-cholinesterases CSzendzikowki, Patelski & Pearse, 1961/62- ' A%..E
U e fgdlville, Salvador,-Lindsay & Burnes, 1965) These studies : 3
" X A .. ..‘ v . E v '. l' . :‘_ . \.. “ . ‘
CL '? o R showed that both nonspecific (eserine and neostigmine) and M B
y - i R oo T R
r . H . A . ' Y e .,I- e 5
A o Y 'ﬁspecific (ISo—OMPA) inhibitors of PChE, at concentrations Sy s e
i~ i : PN "
I \ . i, . R Y :
,§‘ ?f ' . .defined to inhibit choline/terases or‘only PChE,\decreased N o ;
it S SRS ,(‘ b ) L .‘ . i :
Fy; . *';”‘the amount of nonésterified fatty aCids in éither rat . (? sy - A
S oo : RURE RN B
PR IS -aorta (Szendzikowki et.al 1961/621 or dog plasma (Colville r
LI o . . - 0 . . '- dt . = . . ”;., N
IR " R set al, l964)!, In the Ihtter.study,'the nonspecific PChE S
AT A 1i Sl a iqhibitor neostigmine inhibited in vivo. and in vitro i»Q UL
TGS -\,'-"-,n v — — Lt ;
S < . epinephrine-stimulated\lipolysis in doqs., The effects were N O J
S f{ianot attributable to. nervous stimulation as no parasympathetic : !
v ' ! o NN A R AR I
. b ,..- ) - 3 N ‘/._“ .‘ . ‘
S ‘: , siimulation“was observed.“'HoweVEr, the use of inhibitors VR R
- ,. . . ‘4"" . . ,‘) : ,.‘ - ‘. 3 o \ 4[ . .1_ . ] L e ‘.‘ . ;A < i
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‘in the liver, and (5) the effedt of a specific inhibitor L ' |
O T 2 I ‘: v : !
¢ Y‘of PChE on epinephrine—Stimulated lipolysis in’ isolated "t
R R ] ,
S rat adipocytes., SR S g" T, __*'} . \\ygi
A PAR T E Lot . ; |
1 SRR ! i : i
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- Zof onSet of PchE chanqes in the 1iVer and. adi ose bissue of

s of PChE .in the liver of ob/ob mice,.(4) the'
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' .
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'5’

Ji'also led to the suggestion that these drugs might also
'_inhibit lipases (Dixon & Webb, 1962) The possibiligf that

. }:PChE has some relationship to hormone—sensitive lipolysis

'requires further demonstration.‘

o Specific Objectives of this Btudy . -
. . . ,‘: L A.‘ K »‘ .‘ ) | R ) . 5 /
e T T P ST - ' /o

J s oth -/
The present study was. devised to determine (1), whether

’.l .- _-r ) - 5 ., : 1, ‘ .
! ‘ _ or not the serum, liver and adipose tissue PChE show differ—
;}. ' ences in Zucker fat ratg-as were observed in obese humans '1'-\
. A S A
| AR and mice when compared t. normal lean controls, (2) the age

- the postweanling ob/ob mice,¢(3) the subcellul r.changes

nfluence of i'f' ~
»-‘ L .

"dietary protein, carbohydrates, and fat on PChE induction ?; S
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e : Of the strain 0576J/BL were purchased from Jackson Labora- -_=. }

: R . . ‘ . - .

SR o~ L S -

. 4 . o
» . .

- Experimental Animlls

. . . T . Y

All mice and rats used were males.

'fMice . i “ i 5 S N
. . . . . N

== : Obese (ob/ob) and - lean (ob/+ or +/+) littermate controls

.

tories, Bar Harbor, Maine, U S A. The mice were received

/V either 1 or 2 days after shipment from the supplier.‘

o
. 4 '1 CD-l albino miceeiswiss-Webster strain) were purchased

. from Charles River Canada, Mon\real Quebec, Canada.:l.,_ f, . :' b

. . N "'\i ‘- ) .‘ § v" . . ' . . - ) A ..I' . I.‘f s .
" Rats , o S - , TTHNHN

Five-month old Zucker fat (fa/fa) ahd lean (Fa/Fa)

"

L SV VAR Y NREPOOR:

' rats were obtained from Vassar College, Poughkeepsie, New

o

York, a. S A. :

Sprague-Dawley rats weighing between 200- 300 g ‘were .
obtained from the Animal Care Unit at the Health Sciences :

Complex, Memorial University of Newfoundland, St. John'

" a,Newfoundland. ST e

All. animals were maintained at 25°C and light 12 hours ’
per day in, the Animal Care Unit.f'The animals -were kept in
individual cages during the course of the ex riments except“
for the Sprague-Dawley rats which were housdgsa rate perf

\ cage. Animals were either kept in metal cages that had' wire‘ﬂ:"

T Y L AL TP
N tot .

’\rL.'A;‘-r\——A—:—v‘-.vl—\-l.—.l -.J‘:. oo
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‘mesh floors or'plastic-cages'which‘contained heat-treated

':uood'chips as beddiné.‘ Mice had free access to Purina Mouse
Chow\(mouse feed #5015) except where specified Rats were
- fed ad libitum Purina.Rat Chow #5012.V_All animals had free
" access torwater.' | o I | o

-
8

Sl ‘sackifice of Animals and’ Collection of Tissues

.o

. Materials _ ) . R L : _
‘.,E' “Ethrane" (2-chloro-l l 2 trifluoroethyl difluoromethyl
l;{ether . Ohio Medical Anaesthetics, lL orv4L beaker;ugauze;u.
3'1 ml, syringe with a- 26 gauge, 9 5 mm needles, 5 ml syringel
lwith 22 gauge, 25 .mm needle, Becton-Dickinson Can._Inc..

i'Plastic dishes, #l Whatman filter paper, Canlab

\ ] G . o .

" s
6 g
~——

A Gauze pads were placed in a beaker and moistened with
\.
: sufficient “Ethrane"._ Yy cover;was then placed over the mouth
VL‘of the beaker and the’ vapour allowed to Build up inside.

The ;%imal -was then placed in the beaker and the mouth closed

with'the cover. The stoppage of breathing was- used as the f

o indicator of death. Generally, one to three minutes was-‘:V

.needed to obtain euthanasia.. t

&.
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' adjacent tissues.~

' organs.
'mouse or a 5 ml syringe with-a 22 gauge,
\?or four ayers . of 12-ply gauze..
.:12—ply gauze.

“ready for use.

dry between two layers of #l\Whatman filter paper.;‘

WheatonlScientiﬁic;JBeckman~

A mid-line incision was made to ekpose the required.'

The diaphragm was cut and the'heart'exposed.

“samples\wEre collected by heart'puncture using-either alml

syringe with. 26 gauge, 9.5 mm needle as in the case for the-y'f

F3

25 mm needle- as in

the case for. the rat., Livers Were first perfused with cold

l45M (0 85%) sodium chloride and blotted dry between twof\,:

Epididymal adipose tissue

}was dissected out very carefully avoiding blood vessels and."ff

4r

The adipose tissue, except for that used'

for adipocyte isolation, was rinsed in cold 0. 145M sodiumf

chloride and then blotted dry between tWo' or four laybrs of
.

Sera and tissues were stored at -20°C until

When adipose tissue was to be| used for

- adipocyte isolation,/the epididymal fat pads were dissected

out, carefully removing extraneous blood vessels.and tissues,

rinsed in warm 0 145M scdium chloride solution and blotted

[
s e

' \

N

Homogeﬂization of Tissues and Isolated Adipocytes
Materials ' .. "' SERREE T g - ~: .D.

'fl Potassium Chloride, J T, Baker chemicals, Triton X100,

X ‘
Sigma Ino, distilled water; Teh-Broeck tissue grinders,'

li

TJ-G centrifuge,.Bquman-lno,;

., . .
. . . . . [ . L . o .
o e ' . . . . ) T
. i B . . =
. . et '
. . » .
.

Blood ..
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Eppendorfimicrofuge.-Brinkman;'Vortex mixer, Lab-line
Instruments; Thermostatically ﬁontrollediincubator,'Natégfifr
" e : - o .

‘Inc.

.

Livers were homogenized with l% Triton X100 in 0 155M
pbtassium chloride using the Ten-Broeck tissue grinders.~
_w—’A.ratio of 1 gram of’tissue to 4 ml of the medium was used

The crude homogenate was centrifuged at 3000 X g for 15 A'-.."

L

minutes at 4°ciin a Beckman TJ—G centrifuge. The supernatant
- “: was’ retained and'then‘ultraCentrifuged in ‘a Beckman "Airfuge" .
. ~at’ 110 000 X qg. %er 5. minutes at roqm temperature. The super— ‘
natant from this step was used for the assay of PChé_activity.
Epididymal adipose: tissue and isolated adipocytes were homo-'
genized with cold distilled water. Adipose tissue was ground
in a ratio of By gram of tissue'to 2 ml of celd water using
& Ten-Broeck tissue grinder. The’ isolated adipocytes were
homogenized by vortexing the eells with 0.3 ml of cold
' distilled water for 2 4 seconds on a ‘Lab- line vorte‘bmixer. R

" o The crude/

mogenates were then centrif ed at 12 000 x g
e

for 5 minut at room temperature’(22°c) in an Eppendorf :

5412 microfuge. he clear infranatant phase was remove

and used to assa for PChE and determination of protein.

it o s e

A e

I R e T

PP A L)

% -



i SUTL

e 4 e, S e e eyt

o

o

s LR SRR

e st

b 2 e vy 3N e e

o o AR ) T s Ao cerymme pmth et . e f e ea

l‘/_’

©.22

, -, Preparation of Liuejr;izgue From ob/ob and

Lean Mice for Cytochemical Studies

—

glutaraldehyde, cupic L}

\

thiocholine iodide, Iso-OMPA, osmium tetraoxide, Sigma,-

Acetic acid, potassium ferricyanide, J T. Baker Chemicals. f

Method '_ AR 3.;" Co ,

Fresh frozen liver tissue was sectioned (40 micrometers

thick) .and placed in 0 lM phosphate buffer (pH 7 4) containing

1% paraformaldehyde for 30 minutes. After a 10-15 minute

rinse with the 0 1M phosphate buffer, ‘the . sections were

stained for PChE according to. the method of Karnovsky & .

" Roots (1964) .- A control set of sections.were treated first

-with the PChE'inhibitor isb-dﬁﬁh at a concentration of 107%M

for 30 minutes. These seilions were then treated with the

“PChE staining mixture that contained Iso—OMPA at the same

' concentration. The staining/medium was made as follows-

5 ot of prOpionylthiocholine iodide was’ dissolved in . 5 ml

of' 0.1M acetate buffer, pH 6. 0.. The following Vere added -

o in sequence and with stirring between each addition- 0 .5 ml .-

- 0.1M sodium citrate, 1 ml 0.03M_cupic su_lphate, 1 ml vater,

hate, sodium citrate and sodium S

acetate, were ‘all obtained from Fisher Scientific, Propionyl— _

Materials : é;\ ‘
. Monobasic and ba:iy sodium phoSphate,‘paraformaldehYde,,""
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' dehydrated in decreasing concentrations of acetone and ,‘

.ﬂ'[. embedded in Epon.

. Materials S T

',Biochemicals; Purina Mouse Chow #5015/ Purina Ralston,

“and 1 ml O. 005M potassium ferricyanide. Iso-OMPA was added

M

in place of the water to give the final concentration of

10 5M. "The final staining mixture was clear, greenish in

color, and was stable for Burs. The sections were: incubated
~

at 4°C. for 16 hours in the staininq medium After stainiqg,.
7/

the sections were placed in 2 5% glutaraldehyde in 0. lM

phosphate buffeg and treated for 1 hour with 4% osmium ‘

tetraoxide in phospha\e buffer;‘ The sections were finally

. The ultra thin sections were examined
with.an electron microscope._ ,'_J:..nfzi?:' C {""; S

[

. R B . N
. Compesition and Preparation of Special Diets

IS

.
Tre— T . LI

Casein, technical from7bovine milk: Sigma}ggranulated:
sugar, lard (Maple Leaf Tenderflake),,American Institute
of Nutrition mineral 76 and. vitamin 76 mixtures, ICN Nutri- .
tional Biochemicals or U S,.L iochemicals, high carbohydrate _A?'

diet, ICN Nutritional Biochemicals- high protein diet, U.S.

,/

Acacia, BDH Chemicals.
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.‘_ ‘and 8 0% vegetable oil To lO g of the powdered diet was,f.

. ‘of the diet were placéd in a: 50 ml syringe whioh had one end

v

' ;added 0 2 g of tap water. To make this into a pellet, portion

Jcasein, and 8: 0% vegetable oil It was 17, 9 KJ/g and 17. 3%

. _ < - . o
o L _
S \\“_‘
4 . ' .
‘; ‘;’\\,.k
\\_ 3 i
) Y] T
‘ P
. Methods ) -l- ‘{"'l '

Purina mouse. chow #501&wxxug£L9 of 17 5% protein,

11, 0% fat, and 53'9% carbohydrate. It wag 18.0 KJ/g aﬁd 16.7%

.

, Qf the enérgy content was from Brotéin. - T . o " o

"-‘L‘h.\ fl

The high protein diet was,64u0% caseih r22 0% sucrose

- cut away, and manually pressed with the plunger of the syringe. L

ﬂdisc to prevent loss ‘of. diet. The pellet was then dried ﬁor i. y

of. the energy content Was ‘from protein. f” ,_,'n‘ ' ,‘ -
AP .. )
The high Carbohydrate&%pnsisted of 68 0% sucrose, l8 O%

R
5

of the food energy was from protein

SNt ’ R

; The high fat diet was . prepared by mogifying Purina mouse:.“
chow #5015 Wwith lard to. give 64 2% fat, \6 4% protein and’. .
25. 8% car ohydrate. The diet was made into pellets by the o

" same meth d used to- pellet the high protein diet . It was '

26 3 KJ/g and 4. 2% of the energy content was from protein

The diets with varying proportions ‘of . protein were’ ~1.‘

prepared by reducing the amount of protein with an equal -“ﬂ f"/f S

. X" TN
'The open end of\the syringewasclosed\off with a plastic lf#'iJ: I

'24 hOurs at Yoom temperature.' It was 17, 9 KJ/g and 60 9% B ;.Qfﬁ' '

P -
. . R - e v
o — PR

proportion of carbohydrate 80 that the casein in each diet e i{‘- 'ﬂ{
T / ."3' Il
1 K . . . o B )
) " - ; ‘. i
.3 . N [
] ' ’ '; L3 ' St i
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was' 0,20,4 fand SO%L The'percent'énergy content'of éach
diet with 0\26 , 40 and 50% casein was 0, 22. 7 45 4 and 56 8%

- respectivel Fat, aSalard”’was constant at. 4% The A

~ 7>,B"

‘N
' ,mineral and | itamin content were thevsame in each diet '\ ‘

4 and l%'res ectiyely Acacia, 1 g, was added as a, b/naing,

JWH agentz For ehery 100 g of diet, lO ml of water was added..’
o This made it ufficiently moistffor pelleting., The diet _~‘
was mixed manﬁ&lly and made into pellets as described for '

1

the prote:m ateb [ T e

”"\

g J:.:: Study of pinephrine-StimuIated L1971151g flﬂ
ETEEER SRR
N N . . R .“',- © U.!h." .. ', e
Materials f;,K S

VR
fatty acid free (less than 0 005%) ), collangenase from A

Clostridium histolyticum (lot #8/F-6827), tris (hydroxmethyl)

aminomethane (Tris), A-Bminoantipyrine, adenosine triphos-'f*f
- phate (disodium salt), peroxidasé from horse radish 1195
Pu;;urogallin U/mg solid (Rz = l33), epinephrine bitartrate,'
propranolol HCl(d l), tetramonoisopropylpyrophosphﬁramide
(Iso-OMPA), glycerokinase (90‘U/mg of protein), Sigma,,- 1'

Magnesium sulphate-7-hydrate, calqium chloride,rsodium

o'

bicarbonate, pqtassium phosghate,‘potassium chloride, di- R

)

sodium ethylene diamine tetraaqetate (EDTA), glycerol

K3

. Sodium chloride, bovine serum albumin (essentiallY«';.,..3

.ff?i Incubation of Isplated Rat- Adipo tes for the f\siia*”?’ffli
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';.' ',' tube sealing,compound), capillary tubes, forceps, Fisher ”.“‘*

Scientific or J T Baker Chemicals, 4= hydroxy-3, 5 dichloro—

. .

benzene Sulfonate, (sodium salt), Research Organics,.l-'

~ :'“'.-

zi-ﬁ;}:w l' ments,,Capillary tube centrifuge, c1ay—Adams Inc., 15 ml

. .v~'

[

2

Natlonal thermostatically controlled incubator, Pye-Unicam

'; g ﬂ-_-: SP 1800 spectrophotometer, Pharmacia mixer.ﬂ.f”n

;_;L) ,f(j. ," This study was done in 4 experiments nsing the same

volumes and concentrations as outlined in Table l

L

f Epididymal fat pads from 1 2, male Sprague—Dawley rats

LT 200+ =300 grams) were immediately dissgeted otit -and rinded in’

blood vessels and tissues, and.weighing the fat pads, isolated

.J.“ adipocytes were prepared according to the method of Rodbell

& Gregerman (1981)» The fresh adipose tissue was minced With
' :'.'T f. scissors %nd placed in 15 ml plastic cbnical tubes which

contained Krebs-Henseleit original Ringer (KHR) bicaﬁboﬁate

. . e S R .r, . "k
S _'/' . . P R ;‘ R ‘w\ Yl
S N P ,

(analytical grade), hydrodﬁloric acid,'“Sealease (capillary e

glycer°ph°SPhat@ ‘oxidase (40 5/mq of protein). smail plastic &

rods, Boehringer-dannheim Digital pH meter,‘Corning Instru—-= s

d} plastic (polystyrene) coniqal tubes, Corning, l 5 ml plastic.giyaf'

(polyethylene) tubes, IEC centrifuge (Model CU-SOOO), Canlab,”

i L Do TR T B
R N ;'- o ;::.44$= ;;~1~1_ I
' Method jd oL e A

‘ Warm (37°C) 0 14BM 5odium ohloride.- After gzmoving extraneous_'

(1964) but with the modifications as outlined,gy Dax, artilla fj“”
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buffer (Krebs & Henseleit, 1932) as modified by Gruen'& Lo
' Greenwood (1981) to contain 4% bovine sérum albumin j'”ﬂf“T;ig:' ol
(essentially fatty acid free) and one—third the concentration L oot }h
: oo
of calcium. The albumin KHR bicarbonate buffer was: gassed g Y 'j -
f
!
{

w1th 95%~ 0 /5% 002 prior to .use until the  pH was 7.4 and- 3 "g
g ml of this buffer per gram wet weight 6f‘f“t was used A,

.»‘ S .. ."v " _‘
'sij maximum of 2 000 gram of fat»per tube was used and 5 mg of T
. - o ‘ . . .

collangenase per,gram wet weight of adipose tissue was ed'“

to liberate fhe fat cells.w A single batch of collangenase - ': 1.

was used in all exPeriments.' The tubes were incubated ‘for j"{ R _.;
';: -one hour at 37°C with gentle rocking gabout 60 cycles er 4
*The tissue was dispersed into small fragments within . Sy

N

.one hour of incubation with the collangenase.%'Liberation of. . o ¢

adipocytes from the tissue fragments was achieved by gently 'h ,;i : ‘;!
stirrihg thé tissue with a’ small plastic rod.. Increased f oo
turbidity 1,1. the’ medi‘um indicate(Lliberation of the sells.. .
Fragments of tissue still remaining after this treatment were AN
removed with a plastic spatula and forceps.' The suspension }’. -."~f”
Iof cells ‘was centrifuged in the plastic tubes for 1 minute ;. i.: .4
.: .at about 400 x g. The‘fat cells floated to the surface, . |

:-apd the stromalexascular cells were sedimentedi- The stromal—lA‘

T vascular cells and buffer were;removed ‘with a Pasteur pipet,

and the adipocytes were; washed by suspending then in 10 ml

v‘- [4

A
{ .
el aaie il
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L ! ‘ I ‘ s ﬁ . .
;o of warm t37°C) KHR bicarbonate buffer containing albumin. , s
o N R ’. ‘% v . N ;q" i
} R Thé suspended cells were then centrif&ged for l minute ht . 1
4 ' ' l ‘ .. Lo «
d i:' L -_about 400 x g.* This procedure waa repeated once. more.‘ .o
B . ' St : Lo .
B Fat dropleté Which floated mqre rapidly to the’ surface _ T
,f“ﬁ._ e ' were aspirated from the surfdce, after gentle mixing the _"TZ: RN f
ST “-' - - N . . e o -t . )
é-' IR cell ﬁuspension..m-ﬂfzref‘~”‘.; “_f,, . x;:;;- a"l o
) AR ' Packed fat cells Mere diluted 1 in 4 in KHR bicarbonata N
- '_’_L. el . .' ) R ol : “ . .Y B R - ‘ ,
g;.* S buffer containing albumin and resuspended.‘«Into four separate . . )
[ . L b A * o
L g ol plastic conical test tubes was. pipettEd the volumes (in ml} N
: . ;7; of each oﬂ the reagents gﬁven iﬂ Table 1, - -f}‘ C f3” »1f‘\ﬁ .
. e - . _» - P N v
1 - ¢ . v b . ./‘ S . oL 3 I “_.} .}. ;o > U - e, . o’ R
Eixr ;/ '; She e L B I SIS N GRS S
JPhe I . Table'l Volumes used in incubatlon mixtures to examine L R
1R ft ¥ theé effect of specific. ,inhibition of PORE-on.- r . - )
:iﬂ : f. : S epihephrine—stimulated\lipolysis.: NE ‘; S e A 2
i o SR R : RN aE TR TEI K ) I IR
f’ Lo '(‘ . \J : st Yoo T "_ . . o . ' .. " - ! * .
v ot . : ‘ Fos v X : .
'“E‘ L ‘ -.mube'# S 1 -2 3. 4 .40 " ) ' §
. . . -2 . - . 1. ’ . : !
. ; KHR Bicarbonate“ 0.65 0.64 . . i
-gf ce "buffer. contain- Sr L T T ‘
por e ing albumin S _ b -
e o . ; “ .
A . S . Y 5 "\ .\ ' |
S SR AP Cell Suspension 0.35° . 0.35 _} ) :
> . A 3 S AR oA I ~ SR ' ' \ = i
1 ey . Epinephrine v - 0.01 o ‘
) " Bitartrgte, _ s - ' K Xy
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o at the plugged end with 0% of scale. After incubation at

o l hour, the tubes Were placed on ice. The tubes were then

\prdtein determination, The cells and infranatant were

’ . ‘L PV ) L
‘ ¢ . : .-‘l; i N
. - / .,2.9 !
All stock solutions were made fresh daily. The final t

i concentration for epinephrine;bitartrate was 5'x 10-5M,

-5 =5

for Iso-OMFh 1 x 10 "M and for propranolol HCl 1l x lO M.

The packed cell percent volumes for the incubation mixtures

,were determined by taking up an aliquot of suspended cells

I3

'into a capillary tube,'plugging one end of the tube with

sealing compound and then centrifuging the tube in a Clay- -

:“Adams haematocrit centrifuge for 4 minutes. The packed cell "E
lpercent volume was read from a- calibrated scale by alligning

.fthe meniscus with 100% of scale and bottom of the solution
CoA

et LI y

37°C with gentle mixing (about 60 cycles per minute) for BRI

centrifuged for.l minute at about 400 X g at a temperature

of‘ﬁ,C in a Beckman TJ-6 centrifuge. An aliquot aof the

Ve v .-|

infranatant was’ removed and saved for glycerol_determination.'

The remaining layer of cells was washed with‘KHR bicarbOnate

' bufﬁer to remove the albumin that was contained in the in- . ¥ -

¢ .. ¥

cubation mixture and saved to assay for PChE activity and :.@ﬁ//

.x". -

stored at —20°C until assayed. B '

ERTIN . e .
[N v . - v L ,.~' o
‘. - " . . N - . < ., -
; EERE R VR P PR Ve vt
.

Measurement of Lipolysis '.l "y

PR

et

' The. rate of lipolysis was measured as glycerol relgase.

. ) - (I Q J .
Glycerol Was measured by a. colorimetric, enzymatic method.
1 ’ \ -
P ,’": RPN ) SR D I o
|;. - SR iﬂ’ . -?.:\- G S
Lo VL : '
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.disodium salt, 1 ml of 0. 0075M 4-aminoantipyrine, 1 ml of

Materials

, )
.o 30
-

: N | )
The method involved incubating 0.05 ml of sample‘:or standard
with 0.5 ml of reagent mixture at 37°C for 60 minutes.

‘Standard so,lut‘ions’.‘.of -analytical grade 'glycerol were prebared

&

: in'albumin‘KHR buffert The ' reagent mixture consisted of

3.75 ml of 0.15M of‘ Tris—HCl buffer, pH 7.6; 1 ml of 0 175M

MgSO,; 1 ml of Q1M EDTA, disodium, 1 ml- of 0.005M ATP,

'0.03M 2- hydroxy -3, 5= dichlorobenzene sul?nate, sodium

~:

salt; 0.05. ml of 450 U/ml glycerokinase, 1 nl of” 40 G/ml -

glyceroPhOLphata,oxidase and. 0. l ml of 27 5 U/ml horse radish
peroxidase. Final volume was lO ml . The resulting color o
was ' measured at 510nm in a Pye-Unicqm 1800 spectrophotometer
with l cm pathlength glass cuvettes against a reagent-’ blank

of 0 05 ml’ of albumin KHR buffer .and 0.5 ml of reagent mixﬂ -

ture. The concentration of glycerol present was determined

from -the standard curve of glycq;ol concentration VErsus

optical density at 510nm. . : PR

. o A A el L

A
v

Lipolytic Activity ‘of Purified Horse Serum BChE.

. : . L. .

L
’

Butyrylcholinesterase (EC 3. 1 1 8) from horse serum,

'230 U/mg’of . protein, Sigma; Triacylglycerol acylhydrolase,ﬂ A

(lipase Ec 3, l 1, 3) (from porcine pancreas 483 t 109 U/L),.u

P
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=
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ot L
; ? lipase reagent, Boehringer Mannh im; Pye—Unicam SP 1800

; : . .
R . spectrophotometer ﬁ
- ;
} : L - = ’ °
[ / Method : A -
. « 7 ' :
% g Determination of lipase activity was by the method
}--%_ . described by Ziegenhorn, Neumannﬁ Knitsch & ZWez, 1979.

l"; - . . v .. . o

. RN

R |
%' b Reagent . _
iy;i_ Lipase reagent con isted ‘of the following ) - o
; A triolein, ‘0.0003M? s buffer, 0. 026M, pH 9, 2- sodium
;'.E~ desoxycholate, 0. OlQM, calcium chloride, 0.0001M;" colipase,
i
g .§ 3 mg/L The freeze-dried lipase reagent was- reconstituted
. * 4in 2.5 ml of distilled ‘water.
; ; the standard freeze—dried.lipase was‘recOnstituted:in-

— .
. .. -
. . . c
-l .

f et et e e s
’ -

"1.0 ml of distilled. Water-by géhtlé swirling over a.period.

To determine/fhe lipase - activity of a. purified horse
serum PchE, the gtandard lipase preparation was . used as a !
reference; ’ ' , S ' ) - : n :' .f' _ ]‘

\ ' o " l' PChE, O 05/ml of 1 ﬁ/ml of the purified horse serum PChE

- : -~
was pipetted into a quartz cuvette that contained 2 5 ml

. udk
e o of lipase reagent and 0 05 ml of O 145M sodium chloride

- of 30’minutes This gave an activity of 483 E 109 U/L. ‘f

1

i

| .
."‘ - \
|

{ ‘ To &g%j?t}he lipase activity of the purified horse serum
5

i
P

i
G
;

- _ S This was mixed and 4 minutes after the sample was added, the "
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ﬂ-Method

32‘-
absorbance at 340nm in a Pye-Unicam SP 1800 spectrophotometer
. was- noted (Al) After another 5 minutes had elapsed, the :»

absorbance wag again noted (AZ) The difference between _

Ai and A2 was caLculated and used to determine the lipase
activity. The-assay_o%;the‘standard lipase was similar except
that 0‘1 ml .of the. standard lipase solution was'used. -Ail
measurements were at 25°C and against air.' Toqcalculate |

the lipase activity of the purified horse serum PChE in U/L,

the ratio of the change in absorbance for the PChE to the

: change in absorbance for the standard was found and multi—-

: p?fed by the activity for the standard.

Incubation of a Specific Inhibitor of PChE

with Purified Lipase

L

Materials <
-_ o
Lipase (triacylglycerol acylhydrolase, EC 3 1.1.3)

,(from porcine pancreas, 483 i X109 U/L), lipase reagant,

—
BoehringerMannheim; Tetramonoisopropylpyrophosphoramide

.(Iso—OMPA), Sigma, Pye-Unicam SP 1800 spectrophotometer.,

N .
B *
Y

Determination of lipase activity was by the. method of

»

Ziegenhorn et al, 1979.
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A Reagent
- eagen s‘_ _ | | |
i . Lipase reagent containing: triolein, 0.0003M; Tris :
: . . : .
buffer, 0.026M, pH 9.2; sodium desoxycholatey 0.019M; g 1.
% .calcium chloride,‘b.OOOIM-'colipase, 3 mg/L._-The freeze- .
E dried reagent was dissqlved in 2.5 ml of distilled water. | ﬁ
| - " a L The freeze-dried lipase was reconstituted in 1 0 ml o 1
: . ’ . E
g . ' -'of distilled water by gentle swirling over. 30 minutes This S ;///
P . . gave an actiVity of 483 't 109 U/L., S I . ~/////// : I
-1 . o ‘ . ; i
- R PN ) i 1 L
;, ! - | o ““.. The inhibitor used in this experiment, Iso- OMPA,GwaE/made_ R Jﬁ\'
A o - C *
i1 up in distilled water.‘ The concentration used was: 0.4001M . I
S . P RS T
!'.E P . Pipet O 100 ml of purified lipase solution and 0 001 R T
‘ B : i . .. : T
O ml of 0. oom inhibitor solution into a/clean tube. This gave
i ' . o .

‘an effective final concentration/of the inhibitor of 0. OOOOlM{'

Each incubatiOQEWas for 20+ 30 minutes.l A control .of 0.100

\_

ZuXiltetn ach ot N e Do
- .

ml of lipaseL‘ lution.and 0.001 ml_of,water was-treated

in the same way. - . e B {
‘ ' To’assa for the lipase activity, 2.5 ml-of lipase

/reagent was added at the end of the incubation to all the

o tubes containing the purrfied lipase ‘and either an inhibitor

-.or water. This was mixed and then transferred to a quartz :' .

L RS e e R ey A T - Sogt e

)} cuvette taking care that all the mixture Fas removed from

D S S a LR A kol M
[ L UV

" the- tube. The spectrophotometer waa set to 340nm and _' S ‘g. f
. ;. zeroed.- An initial absorbance,' l' was recorded 4 minutes St i
oL T . A ' B T
- ._fafter the lipase re gent was added to-thesolution of lipase'l o : f_ ‘
. , lr"
L I ¥ v !
1 "

1] .
o . L e el . : . . — : ’ + Sk Fraw kANt
o M . L. v W c . 3 [IRAY L LY .
. . oo R U, N . o 3 imt| A tbars s v s ey - Arers
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'. Materials

oy

‘with either inhibitor or water. After another. 5 minutes{
the absorbance-was again noted (AZ)Z The difference between

Al and/Aé was determined for the ihhibitor treated 1ipase

~preparations and compareq with- the control for calculation

L O

of lipase activity present. all measurements were at 25°C

' and against air. To calculate the lipase activity in U/L

" the ratio of the change in absorbance for the/inhibiton

triﬁged lipase sample to that for the control standard .
[
lipase solution was found and.multiplied by the activity

for the control—standard.

[
.

* Biochemical Methods

— . ¢

Determination of PChE Activity in Serum, Liver and’

: Adipose Tissue A

iy

j Propionylthiocholine iodide, 5 5' dithiobis - (2-nitro

‘benzoic acid) (DTNB), tris (hydroxymethyl) aminomethane . //'_

(Tris), Butyrylcholinesterase (EC 3.1. l 8) (from horse serum,

230 U/mg of protein),_Siqma; volumetric flask, tubes, Fisher

l
Scientific,'water bath Canlab.,

PChE was assayed by the method of Dieth Rubinstein &

‘ Lubrqno (1973) using propionylthiocholine iodide as substrate
Ca SR S

" = W“Wrtg -':..';

R4 . /_' - » N




.of free thiocholine. - - o 7 o

" pH 7.4 Tris-HC1-DINB buffer was mixed with 6 ml of 0.005M

. o . 5o .
. propionylthiocholine iodide. Fifteen (15) ml of water was

._was pipetted 2.70 ml of the substrate buffer solution and . .!

'one cuvette in ‘the reference path and the other in the path )
- for the sample. The epectrophotometer was zeroed and the fe\ o !

; reeorder,; Unicam AR25,. adjusted to. baseline. Into-a o _

' clean cuvette containing 2. 70 ml of substrate—buffer solution o ';

_ vasﬂpipetted the sample-andvthe bhange in absorbance of the

35 ’ L \“—’%\.

. T, o . . oo
and the-color forming reagent DTNB. The enzyme activity }

reference propionylthiocholiné iodide, thch had been

treated with horse serum butyrylcholinesterase, as a source

‘Reagent o A - ;o : o . N . ]
- ' S -

O 05M Tris-HCl ~DTNB buffer, pH 7. 4 Dissolve 6 055 g . \\\NL".:

. —

of Tris in 900 ml of distilled wate’ Ad]ust the pH to

7.4 with about 40 ml of lM HCl After the solution ‘has . S .3

been adjusted to pH 7. 4, 0 100 g of DINB was added and

dissolved. The solution was then made ‘up to lL with water. o

CNPTRV ISP IO SR TN SN

[ i

. was.calqulated from a standard curve constructed using as

To prepare the-substrate—buffer,solutioniﬁﬁg_ml of the

.

then'added and ‘the solution mixed. Into two glass-ouvettes SR

water equal of the. sample volume to be used “The cuvettes S

were then placed in® the spectrophotometer, a Pye -Unicam SP

1800 set with slit width—o 3 pm and wavelength 410nm, with

N

k!
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‘was then mixed by inversion and the -mixture incubated for 10

e e w o e na o # g S T Vbt Fep 1

9 ’ ' ¥
7 ' . , '
thiochqline-bTNB complex formed was recorded at 410nm

using the recorder to plot the rate of change. ..In -the

[

" case of the mdyse, 0.02 ml of liver or serum sample was,

used as the say volume whereas for the rat, 0.05.ml»was

- used to ass these samp}gs: For assay of PChE activity * 7

“in adipose tissue or adipocyte samples, .0.100 ml Was the

sample volume. o , .': i

- -

To prepare the\standard curve for quantitating the .
\ -
activity of PChE present I used propionylthiocholine as the

reference standard This entailed use of nascent thiocholine .

a

.liberated by the hydrolysis of propionylthiocholine iodide.
To make the stock standard solution of . propionylthiocholine

- iodide, 0. 03035 g of propionylthiocholine iodide was made

\
up to 5° ml in a volumetric flask. This gave a concentration

of 1 micromole of propionylthiocholine iodide per-0.05 ml-

!of solution. Into a clean 13 x 100 mm test ‘tibe was pipetted

0.05 ml of this stock solution and 0 05’ ml; of ‘a 1U/ml

"solution of horse serum butyrylcholinesterase. The tube

> \

miﬁutes in a 37°C water bath ‘mfter incubation was complete,

serial dilutions from the ehzyme treated mixture was made

to give 0. 2( 0 l,_..., 0. 00625 micromole of nascent thio—' .

choline per 0.05 ml. vStandard solutions were then‘made by

adding 0.05 ml,of each serial dilution to 2“76"mf of the L

"
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R _fDete:i‘m:‘Lr'latiox'i oi;Triglyce:rldes in Serum © - T
.Materials ; N |

E Triglycerides H‘P&) -glycerol + fatty .a,cids_’

¢ i . Y . . -
37 .

\, . X

%

'Ilrj:s--.HCl—D'I‘l,\.IB buffer. The serial .standa\rds wereé then read

at r'oom teinpe'rature against a reagent blank~of 0. /05 ml- of

ater and-2.70 ml of Tris—HCl-D'I'NB buffer in a Pye—UnJ.cam

°

Sp_ 1800-,spectrophotometer with slit width 0.3 mm and wave-
N4
length 410nm A curve of optical density vexsus concentsa—

o

Triglycerides fully enzymatic kinetic UV-method kit,

. Boehringer Mannheim,_Centrichem 600 autoanalyzer,‘Un

Carbide.. T ) - ‘ L
The biochemical reactions bf this test are.
\.:42 :

. es_terase

[ . R .. W

Glycerol + ATP Glycerol kinaé'e ("glycerol-e-phoéphate'-{-ADP'.__‘
'g ' . . ' ¢,

' ADP +-xphosphoenol§y§uvate Me_) pyruvate + ATP"

"~

Kinase
: / . . :
+ Lactate \
Pyruvate + f\lADH + H | Dehydrogenase' lactafé +/NA1?

1.

N The oxidation NADH- was followed at 340nm. “The::-reactidii; R

. 'was per‘ormed at 37°c, pH 7 0 an_d wag .incubatecl for 95

tion of thiocholine in micromole per test volume was" plotted.(

!

|

i

i
e i

“ _ i ‘
- i
%

i
SN

“seconds (Wahlefeld, 1974) . e
J
) ;’b,
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i ; , Reagents (Provided in the( kit) S . -
n BuEEer: 0.05M phosphate, pH" 7.0 containing 0.004M. MgSO,,
. \ 0. 00034M sodium dodecylsulphate and 2g/L bov:.ne serum albumin.
. ) ’ ~ Solution 1. NADI—I/ATP/phosphoenolpyruvate solution %f initlal ‘
e o L concentrations 0 012M, 0.033M and 0. 018M, respectively.
""-. . o Solution 2: Lactate dehydrogenase, »300- U/ml yruvate
S T kinase, 50 U/ml- lipase, 5000 U/ml; ‘and esterase, 30 U/ml
.3,‘ : ;, . L ..~Solution 3 Glycerol kinase, 150 U/ml. -A stock working .
S
g ' ' solution was made -by mixing in sequence 25 ml of buffer,
2l T A
§ b : X o 05 ml of solution 1, o 05 ml of solution 2 and 0.12 ml of
o . .
] o . © solu¥fon 3. . - . , . . )
Ce ' : - * - e [
o
‘| ; For: each series of measurements, a reageBblank with -
b
‘water insteadgiserum was carried out The concentration
- of triglycerides was . determn.ned from a standard curve prepared
R ‘ . ! * concurrently.’*For each measurement 0 010 ml of sample or . "'
o .
v i .standard and 0.500 ml of stock working solution were pipetted i
A, é “into . a'cuvette, :anubated for 95 seconds at 37¢°¢C and the
5 .absorbance read at 340nm.' The difference in absorbance e
A N 4
_ : - between that for the reagent biank and that for. the sample
f K : “or standard was used to calculate the quantity of trigly-
, {§ , cer_ides,present. . R}
T . : AW ‘ '
) =3
. i N . ..
= ~ ( h ) ‘ '
- “ _ ., .
. . K .
' Y ‘ -.-‘ N \ '“._ i — .‘;"'" NN ﬂ*';.vNﬂﬂAuumg-',‘:.,r,- ,
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P Determination of Cholesterol in~Serum .
‘-;; t .
i S Materials . o -
o ’ Cholesterol enzymatic kJ.t, Boehringer | Mannheim; Centri-
[ vl o . )
A : .
g 'l chem 600 autoanalyzer, Union- Carbide. :
% X The biochemical réactions of thd.j fest arey , . e
R hoiesterol, . . | o
| : "cholesterol., .
! i . Cholesterol esters esterase \ ’ cholester 1 + £ tty acids C
I I . : ' cholesterol \ Cholest—4 -e -—3-one+H . ' -
L o Cholesterol + O2 oxidase > al 272 ' o B
] . \‘_‘ - . ) \ B - . N A . . i
' ,‘: - H202 + phenol + 4—aminophenazone per~ox1dase\ Red dye + 2 HZ. 2 '
i 7 - .' . o . 7 . t
! |.» - ‘ \ o /// ¢ . }
4 ; ' . The hydrogen perox:l.de reacts. in the pr sence of peroxi— o
R ! A} “\r \ 14\\'
U dase with phenol and 4‘-aminophenazone formin a red dye. -
'i/‘.l .r A - Y
' ti The J.ntensrty of the color formed is proport onal to the 'f
i ™~ - .
l | c lesterol and is measured spectrophotometri ally at 520 ;)
( " on (Klose, .Grief & magan, 1975; Trinder, 1969) 1
i '
‘: i . I ‘ I - fo - :.(’ ' | s .y .‘:
i . ) . . K 1
Y -Reagents (Providea in the kit) , . ) *
‘ R . C ‘ , - 1
¢ 4 S Buffer—chromogen‘ w phosphate buffer, H 7.2; 1= :
B 0.0075M, 4~ aminophenazone; 2, OM, methanol- 0.8% w/v, - - t B
' . ‘< . r f? \ &-i - .-' )
: | ! 'hydroxypolyethoxydodecane, Solution l.x choleste ol,"esterase - . t
s : and peroxidase.l 8. 2 ijn{l and 290° U/ml, resPecti ely. . :
5 ’ r N Solution 2: Cholesterol oxidase. 8 9 U/ml I R ) 4
\\/ > : _ Solution 3._ 0 64M phenol in 1. ™ ethanol. A stock working ,
solution was: prapared by mixing in sequence 2 0 ml of . 3 a :
‘ ) . R . . - P u \ I ‘_.I.,._\‘ ‘ . I
- - ; o 2
t 3 ] % '7 V’ . i
¢ .’ . ' ) ’ . » !
. N V Co | RO ]
L - e, FY . ! .'--l.,"..'.ev_.-..._l.‘,.....n.‘,_...,__,.?,,_;,,:,%mr "’
rn--mlhwmq\—- b 4 : 4
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concurxently. For each measurement, 0 005 ml of sample

;Determination of Glucose in Ser.um' R . '

Materials L IR PR

\ Glucose + -0 +H20 9—]'—‘”0—89—) gluconate + Hzo e

or standard and 0 25 ml - of stbck working solution were -

pipetted into a cuvette, incubated for 10 minutes at 30°C B 2 B
N 3

$ o

and the absorbance read at 520nm The difference in .' ' . e
L , )

absorbance between that for the reagent blank and that for

the%sample, or. s_tandard was used to ;ca_lculate the quantl-ty~
of cholesterelrpresent: = .+ .~ - g j

) -t

2 3
: &

»

Glucose enzymatic cdlorimetric method kit, Boehringer

Mannheim, Centrichem 600 autoanalyzer, Union Carbide. -

¢

'I‘he biochemical reactions of this test are- St

oxidase _

2H °0 + 4=-ami'nqphenazone + phenol peroxidase\

.:"

4- (p-benzoquinone-mono—imino) phenazone +. 4 “z°

, \—‘- L - sl ‘--....

N L el R L ,
B 7 :
..' - -
M 0 .- |
~ .
‘buffer- chromogen solution, with 4 ml” of solution 1, with.'l.l T g. *
ml of solutlon 2, and 5 ml of solution 3. This was, then- ) |
~diluted upto 500 ml with distz.lled water. " i.
" ' For each serJ_es of measburements, a reagent ‘blank with( .,]'-
water .instead bf Serum was carried out... The quantitatlon . 1
of' cholesterol was determined from a standard gur\)e made o , . )

LN

i ot e o (h B St
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,zone to give'a red dye.i The intensity of t

. 1s proportional to the glucose andois meas

‘Reagents (Provided in -the kit) ~ B - o . ;

i o . -i‘
1

The oxidation of glucose to gluccnate with the

I3

g
formation of H202 is couPled to a. reaction where the.Hzo2
]

”reacts, in the presence of peroxidase, with 4 aminophena—i

¢olor formed

ed spectro- -

'photometrically at 510nm (Trinder,.l969)

o . . | N

Solution 1 phosphate buffer, 0. lM, pH 7. 0; 4-amino-

phenazone, 0.00077M, glucose oxidase, ‘18 U/ml peroxidase, .f
1. l U/ml Solution 2- phenol,'O OllM A stock-working )

t'solution was made by dissolving lOb ml solution 1. in 200 .'

ml of distilled wateQanc{ to that wis added 30" ml of

,' '?- : o

solution 2. e T XY F'i;

For each series of measurements, a reagent ‘blank with
¢
water instead of serum was carried out. "The quantitation
t\ I'—" ' / .
of glucose was calculated from a standard curve made- ~con- g
.’

currently. For each measurement, 0 02 Sl of sample or

n "

standard was mixed with 0. 2 ml of stqck working solution g

z

in a cuvette, incubated’ for 10 minutes at 37°C and the .:

absorbance read at 520nm., The differeqce in absorbance

between thatforthe fbagent blank‘and that for sample ‘*‘Q

or standard was,used to determine the quantity-of glucose

present.. , !’ . e

J
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'Determination of fnsulin in Serum )' '
’ Materials - . oL =
| “Phadedas Inﬁulin TesEJKit, Pharmacia Diagnostics.
Insulin w 8 deteﬂmined‘by a, radioimmunoassay method é
(Thorell & La nex, 1973) r%
' e :
;fReagents (Provided in the kit) o ‘ | . o
| ‘; Buffer ‘The buffer was prepared by dissolving the_t
"buf; r substance in 200 ml redistilled water.,,- A
f_: ephadsx—Anti Insulin Complex~- This was, made by !
',transf rring quantitativelyk¢9/§‘neaker containing a ; ' j
'magnetic stinring rod the Sephadex-Anti—Insulin Complex - ':;
\using-lOQ_ml of buffer solution in portions. ' o {
: Insulin Standard. The standard was reconstituted 157 ‘;'. 3 E
:4 0 ml of distilled water. After reconstitution, the' i ‘%
:~solution contained 320 pU/ml ) A o \.: N ’;~E J
o Insulin ; SI-' Ten flO) ml of buffer was used to o f @
.reconstitute the lyophilized Insulin 1251..5_ : \ . :\' i
- Working Decanting—Aid Solution. This'stock was = .- j. i
{prepared by diluting 5 ml of the, Phadedas stock decanting- |
haid—solstion to 175 ml with a‘!";5M NaCl solution._" . i
; . : e T ‘
. N : . ..
S L
T . -
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: solution.

dispensa any of the Insulin

: while it was dispensed into the tubes.

'.oﬁkstandards and

.of total activity added.

’tuhes.

e,

A series of plastic tubes were set‘up and labelled

i

for duplicate assays of” standards (5 pU/ml to 3201pU/m1) -

arid of unknowns and two additional tubes for determination

Into respective tubes was pipetted
0.1 ml of unknown or standard.
125_ °

To these tubes was’ added

0.1" ml of the Insulin I solution.

Into the two'addi—
tional tubes was pipetted 0.1- ml of the Insulin 125I ‘
These tubes- were capped immediately and used to :

determine total activity added.
125

Care was taken to not .
I onto.the walls of. these
These were not incubated, centrifuged or washed.

-The ephadex—Anti—Insulin Complex suspension (l 0 ml)

L

was pipetted into a11 tubes to which standards and uanowns
had been added. The suspension was stirred continuously
All-tubes con-
taining standards and unknownswereincubated overnight

During this incubation period the

at room temg\\ature.

"-tubes Were mixed bY' ertical rotation to keep the particles

in suspension. rAf r the incubation was complete, the ‘tubes

8T .
knowns were centrifuged at 2600 X. g for “

L two minutes in o& er to remove droplets from ‘the stoppers.'

The/stoppers were removed and l 5 ml of the Working

ﬁecanting-Aid-Solution was a ed to all tubes except

f}‘(/..fjth 'jd ' ‘;~"', .. “I’ ".

P
!
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those two tubes for total activity The tUbes were then
i, centrifuged at 1500 x g for 2 minutes in swing-out bucket f:
- %. : rotor in'a Beckman TJ~5 centrifuge. -The supernatant was,w:u. - ifpé
] %" then decanted of f. each tube ensuring that the last drop l'IZUfff“i“ ;
3 : was removed The radio-activity was determined in.each o .
E R tUbe for standards, unknowns, and total activity'using :if?; SR IR
}'E , a Picker Compac 120 gamma-counter.\ The background was:;f‘i{‘ iﬁwﬁf ;T'
?‘ " ///determined by using an. empty plastic centrifuge tubeJ'VW J‘li%
if". EE Each tube was counted for one minute.; Calculation of;-‘_'f“ ;ﬁézﬁ
| T ’ o e

: ) insulin concentration was done by the gamma—counter.“
Y L == ) . ) .

'/

Protein Determination e ‘:j.d L T

:E ‘) - ' -lxl)~ Biuret Method.l ?he_method;of.e$£951;¥$&%a;§%iife- 3 -%
.‘- - | &.David (1949) was used. f, ,: i._i : j;." .;lq RS ﬂ
. | ". .,’ = ) . o R SR .,.H b i
i . S Material ‘ '; fi N "_f": L " T'{ J? T s N,E

Bovine serum albumin, Sigma; Volumetric flask,_
AN L Fisher Scientific.. J \

NPT IS

.
. - . . o, .
. N . o .:/(\ R , - ) , . ‘,“A R . A
il- Y . . A R . an . .

A L .

Biuret Reagent L S o ER ff':”'\
The biuret reagent consisted ofO 0548Msodium . R
hydroxide, 0. 0093M sodium potassium tartrate, 0. 0083M o B

2 B ‘3:_5‘ potassium iodide, and 0 0035M copper sulphaJ% /;he final.
R i“",h' pH was about 12 e N

[

v
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- 3'% ml of biuret reagent.

- at room temperature.

- .

' Stock Standard Solution of Bovine Serum Albumin

':Thevstock standard 'solution of. bovine'serum albumin'
T,
was made by- dissolving 0.800 g of albumin in water and

rjthen making the volume up to 10 ml with water in a

'ﬂtvolumetri flask. Serial ‘dolutions of 4. 000 g/dl and

2, 000 g/dl were prepared from the stock solution Lo

Crud iver homogenates were first centrifuged at

';"3000 X g for 15 minutes at 4°C in a Beckman TJ -6 centrifuge.'

efjﬁThe resulting supernatant was retained and recentrifuged

~ 4 / .
. at 110 000 x g‘for 5 minutes at room: temperature in a/

-Beckman "Airfuge“ ultraCentrifuge.'

'=natant was, used for protein determination

The resulting super—

Into separate 12 x 75 mm test tube% was: pipetted

To the reagent was added 0.05 ml

-

A reagent ‘blank of 3 0mL

E

of 1iver sample or standard.

‘.f biuret reagent and 0 05 ml of HZO was also prepared

ey

y Each tube was mixed and incubated for exactly 30 minutes

\f After 30, minutes, the resulting absorbances were

read at 540nm using a Coleman Jr. II spectrophotometer.

X

The instrument was first zeroed with the reagent blank

at 540nm. ' A. standard curve o_ absorbance;at.$40nm'versus

1

o
s
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| . o S
| concentration was plstted. The concentration of the
f i unknowns was read from the standard curve.
: 2) Bradford's Method. The method of Bradford (1976)
- P . was used-to'quantitate microgram-quantities of protein. S
E R o s . -
‘ Material B _ S : ‘ S T
;f Bovine serum albumin, Sigma- Volumetric flask,. o 2
%, { \Coleman Jr. II spectrophotometer, Fisher Scientific. r
o g e g
i Coomassie Blue’ Reagent KR f S ”,:' N
! .o ] L : e : v
jfip_'“ L *'; . AThe Coomassie Blue reagent consisted of 0 01% (w/v)
g Coomassie Brilliant Blue G-250, 4 7% (w/v) ethanol, and
. 1]
" 8. 5% (w/v) ph05phordc acid.,- ot \'7f . R {J e
f o . R
. d \ ’ . ‘
S T s .
. . ‘—"' - - R C . 7. . N
% :§ o v Test samples were diluted first to give anvapprox- )
b owg ‘
} fimate concentration within the range of 0 to 50 mg/dl-
. { B ’ '-.of protein. A stock standard solution of 50 mg/dl of .
R = . e
! -protein was. prepared using bovine serum albumin as the N
! standard. —Serial dilutions of. 25 12 5, 6 25 mg/dl were A-;
! E N . made from the stock standard solution." o o ;'.]‘. : “ff'
P "f% To each tube was added 0. 100 ml of standards and test
i “: . .‘\,3-,- ' samples.x To each tube Was added 2. 5 ml of the Coomassie .

'-......-——-n-




.

L r— -

e

YR S,
i LA

o TR

.«--_.,_...\
e R APy e e e iy et B T

R

»

P
-

e ot o e g e A e g o e e

HR SR .
. . . .,
. .

“blank at 595nm. The test samples and standard were read L

- 2.5 ml of the Coomassie Blue reagent; -All tubes were '

s ’

47

"Blue reagent. A reagent blank was'prepared hy substituting

0.100 ml .Qf distilled water for the test volume'and{adding

\

mixed by gentle inversion and allowed to stand at room

‘l.hour,; The«spectrophotometer was- zeroed with the reagent

' ;

2 } /,,
at'the same'wavelength. A standard curve of absorbance

"atn595nm versus protein concentration in mg/dl was plotted.
'The concentration of protein in the test sample was read

from the eurve and multiplied by the dilution factor tof":'-'“

J
B

determine the actual protein concentration.- '

,,;' . o ’ !

'temperature for at least 2 minutes but not longer ‘than - AN

.

i%. - - . statistical Analyses’ . P' S e

Data for Zucker fat rats and lean rats were analyzed

f’,by Student ‘s t test. Means are followed by their\standard

"'_F jerrors (SEM) Correlation coefficient and slopes were .

: .
.calculated by linear regression]analysis using a Sharp

'pocket computen»programmed for linear regression analysis.

Simple effects analysis (Howell, 1982) Was used to
determine df significant differences exist between ob/ob

and lean mice at all ages from 23 days and older for- liver

| v

L and adipose tissue PChE activity. : f: P :_,""' —_—
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b
g ] One-way analysis of variance was used to determine v
- . if statistical differences exist between the groups fed
o4 -
§ different diets. Then, to test for'which groups were'
£
';g ' different from each other, Scheffe s multiple comparison ' ‘ R
’ § ' 3 f , '
T procedure (Neter & Wasserman, 1974) was used..
g Student's 't test was also used to analyze the" results .
, - /
[ S i.'for the effect of a specific inhibitor of PChE on epine—
( . "- '. - .
"y i g -phrine-stimulated lipolysis and»th effect of a. specific~
I inhibitor of PChE on the lipolytic activity of- pur%
_,f'- . flipase -in vitro. Means are followed by their standard
. _ deviations. NN _'.' LT T S o
E i - - !
o .
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Serum and Liver PChE ActivityJ and other -

Biochemical Characteristics of Zucker Fat Rats

/

The results in Table 2 show that the mean” * SEM of

, PChE'activity’in‘the serum and liVer, respectively,.are

4020 + 290 micromoles/minVL and ll 10 # l 01 micromoles/

min/g wet weight in the fa/fa rats' 2320 % 120 and 7.9

.0 75 1in the lean(rats.f Seruh~triglycerides and insul&ﬁ//f/ -

. as well as body weight and food intake are significantly

"higher4&n the fat rats when compared to lean. controlsn

>

In dontrast,'serum glucose, serum chOlesterol and adipose

tissue PChE activity are not. significantly different P

between the two groups. j.- ' -'”; -

... - \’ . , . ‘ ‘I . ) . X\

- The ‘Mutual ﬂelationship Between Various

PhysiologiCal and Biochemical CharaCteristics__

- - . K

i . - of micker Fat Rats .

s . b,

'3lLinear regression analvsis'was“done on the'data from’

-,Table 2 to determine the mutual relatidnship betqeen any.;wo _

/
of the variables. The results for the correlation co—

efficients -are presented in Tabie“3.i The data indicated

[}

- ‘a good positive correlation between serum\PChE activity and

1iver PChE activity (r=0 55), serum triglycerides (r—O 53),

-~
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body weight (r = 0. 60) and food intake,(r“= 0.60); however

" a weak’ correlation was found with serum insulin (x-= 0.47),

glucoBe (r = -0, 31) and cholesterol (r = 0 06) ‘ Food intake
has good positive correlations with serum triglycerides

( 0 70) and body weight (r = 0.70)u

¥ i
o . - . o

Table.2: A comparison of variqus anal ses, between the .
‘Zucker fat (fa/fa) rats and Lgkiﬁ(Fa/Fa) ratsJ

o

TYPE OF ANALYSIS ' -+~ FAT RATS (13) LEAN RATS (14)
Serum pchE*-n 1 -';Aozo.q £ 290. - 2320.0 t 120
Liver PChE+ . S Il #1.01 0 - 7.90 i'o;75;
. Adipose BChE+ 2,08 20,29 ‘ngs £<d.zz<‘_\\
Serun Triglyderides.  534.0 +104:6 © 961 £15.4
(mg/dl) " . : con A
. e . . o a . - ] .
Serum Cholesterol " 90.4 £ 11.5 . .68.7 % 7.6,
(mg/dl) . . T
Serun Glucose. : 278.0 /£'35.2 . [+ 305.0 % 20.6
(mg/dl).  ° o - o
. Serum Insulin '  57.1 £ 7.8 .. 11.3 £ 0.6
-~ (uu/ml) IR L o
. . - _,--_"' . , N '
Body" Weight (g) .7 530.0 & 120.5 . . 321 0 £22:8
» - RIS
Food intake (g/day) =~ | 29.9 £ 7.4 19 9 + 1.0 "

L

xNumber of animals in each group

*Micromoles of ‘thiocholine formed/min/L serum, micromoles;of;f

thiocholine formed/min/g wet weight. All the values are
significantly ‘higher (P=<0.01) ‘in the -fat rats .than the leans

. except for’ adipose tissue PChE, cholesterol and glucose.
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,gorfelaﬁiop.co—efficienélof éerum PChE.
activity and food intake versus any one
of the following wvariables: -

Table 3:

A ' . ) . K

., . —_. VARIABLE SERUM PChE - FOOD INTAKE: - ~ = RS
' 1.. Liver PChE - - 0.55 Lo . - )
. - - . . " . . ," o ’ _. . . o ' . | .¢' . e c. . , "’
‘ e, 2. Serum Trig]..ycerides“-_' - 0,53 . B 0’70 _ y
o 3. 'Serum Insulin’ 0.47 "= 0.18 T R
N - 4. -'Serumf‘(:holést;'erol' 0.23. ' 0.16 : |

s |
. o . . R . . @ .’ i
5. Serum Glucose -0.31 . ~0.06 - 3 !
6. Body Weight 0.60 . 070 . . !
‘ S : . L : 4.0
.. : Lo , .o - .
- . ~+71. Food Intake 0.60 - . — !
) . o : .U . . \ '
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Age Related Chang;;\}n Liver PChE Activity in

ob/ob Mice: Relationship to Body Weight and Food Intake
: — 4 .
] e

/ . R .
'.\ The relationship betwgen liver PChE activity and aae_
'in ob/ob mice'and~lean littermates is*shown\in Figurell.

Simple effects analysis for liver PchE activity shdwed that -

' Significant differences (E“(O 05) exist between ob/ob mice *

and lean 1ittermates at all ages‘from 23 days and’ older.l f

'The change in activity between 23 .and’ 39 days was . greatest

;in-ob/ob mice. In lean mice, liver PChE activity began to -

'inncrease-at'27 days. Figure l also shows that body weight

,was significantly higher in the ob/ob mice beginning at

23 days when compared ‘to lean littermates : Food intake _

was - also significantly greater in the ob/ob mice at 37- days\, 2o

v

' Age Related Changes in AdipOSe Tissue PChE Activity

in ob/ob Mice ~— R ,_~in \‘ |

The felationship between adipose tissue PChE activity

and age.in ob/ob mice and their lean 1ittermates 15 shown in

.Figure 2. Adipose tissue PChE activity was shown, by simple'

'-effects analysis, to be significantly 1ower (R<(0 05) in

';ob/ob mice at- all.ageg%?rom 23 days and older when compared

pe 3

'to lean mice of the same age. Both ob/ob and lean mice

o showed a similar pattern in adipose tiesue PChE activity
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in relation.to,age;"in'both groups;fadipose.tissbe PChE

activity decreased]between 28 and 58 days of age.- The

i ' . : decrease was greater between 23 and 27 days of\age for thes 1T~‘\‘\&’~;;
i

ob/ob mice, ahd. between 27 and 38 days of age only a. small o -

t

P : decreasé was.observed.
— ‘

E . ' activity of" the 1ean mice showed a sharp drop between 23 T::"

e

In contrast, adipcsa tissug PChE S

and 27 days of’age, but between 27 and 38 days of age a .
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The'relatidnshib of .age and liver PChE _ -
activity1 body weight and daily foed -, f j ' o

* {ntake in ob/ob mice and their lean . _
A unit of liver ‘PChE. '?""\'f S .

| Lo v 55-1,bittermates.'
activity is' 1 micromole of, thiocholine” . . -,

-

| S “"'%*‘3:'3 2 formed in 1 mindte, in the. standard
ST T s T Tagsay (Dietz et al, 1973h per g wet * - - .
. Sl weigh? . e A
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/ The relationship between age and

adipose tissue PChE activity- in
ob/ob mice and their lean littet-

; mates. A unit of activity is 1

micromole of thiocholine formed

. in 1 minute, in the standard

assay (Dietz et al,: 1973), per
‘g wet weight.
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Electron Micro copy Studies of Liver PChE

“in the ob/ob Mouse R _ o

o $ -
Ele/t on microscopy studies (Figure 3) .of liver

Y

/}_lar/egar/tions revealed an intense staining for PChE located s

n the rough” endoplasmic reticulum of the ob/ob mice which

was not intense in the liver of ‘the lean. Iso-OMPA

completely ‘inhibited the staining for cholinesterase, i s |

¢,

s Al e I
¢

indicating that the staining is entirely due to PChE. _. ' el

. '_ . »

'\ ' T N ! . - ' P ' R . i ; . PrTa < D . : a
4’/ . . " ‘ : . - ] . )

o ! . X B . . . )

Liver PChE Activity under Different Dietary €onditions

\ T T T

Table 4 gives the mean and SEM for liver PChE,. final '

e

. - body weight, daily food intake, and daily energy intake o » -

- ‘under various dietary conditioné First,. voner-way analys’is e

*  of variance was used to test the null h‘ypothesis‘ that there - ' i
exist no differences among the groups fed-various diets for,

veF

S the variables liver PChE activity, ‘d{ily food intake, daily -

I P

energy intake, and final body welght. - --TheA.F-values.‘ of ‘the . - o

"—analysis of variance lead to the conclusion that not all _/\ B
', ' o o groups are identical for the variables. Since testing all

POBBible pairs 'of means 4in the usual way affects the S - B B

probability of rejecting a null hypotheais, Scheffe' '8

multiple comparison’ procedure was used. By this procedure,

,\\ o it was possible to determine which groups are different
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. from each other.. When this. multiple comparison procedure e
was applied, an experiment wise error rate,o<, was used .
< .
: to indicate the overall significance. 'nhe choice of o( .
: is determined in part by, the numbe;r’_ of comparisons and
is larger if the number of possible comparisons is larger. ‘
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Table- 4: Pseudocholinesterase (PChE) act1v1ty in the 1iver, ‘final body- weight, dally
R food intake and daily energy intake ‘under- various?dietary conditions in

albino mice. Mice were fed chow, high protein, high carbohydrate or high !

fat diets for 5 days. Mice were fed the restricted et for 11 days. Detailed ° o

-description of the diet is fbund on pages 23-25. ‘?i ' . . o '

D NPy
i

: ﬁ;;‘W:f : -h R __ 'J . PChE,activity s e o - A _ :
- 'Group ., . : o micromoles/min/g ' Final body_ ‘Food intake . Energy Intake =~ A
Number N Diet . C - wetl weight ' -Ayelgh;,g co g/day . . KJ/day . _ %

H

. » ) ’ ‘e

: 1 | 8|cChowad1ib. - [9.26 % 019 . | . 33.0 £ 0.4 [.5.3.% 0.5 ‘| 95.5 % 9.22 \
S I o . . ' . | 3 ,
‘[jz' "_PG;'ResteicEed cho&i 6.15 + 0.4 ©27.1 0 0.3 2. : 36.0 }
. ; . o

'3 ‘5| High érotein .' e | NI ' : C
| Mo - |1s.06 £ 1.2 34.37% 1.0 | 5.02 £ 0.3 | 89.8 & 4.61

1, o 1 . ¢

1+

4 | 3| High carbohy- |9.87 % 1.0 | = 36.6 % 1.2 | -6.10 # 0.2 | 109.0 + 3.35 o !
.| drate ad 1ib. ST A . : C

High fat ad 1ib.[6.21 0.3 | - 33.6 £0.8 | 3.56 £ 0.2 94.1’: 4.19 U G

>

[T
R wn

1

1

wn

. .- : - . -

‘Results afe mean + standard error of mean.  N-vis the number of animals. ' ) -///15'.
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. activity and the casein content of the diet...

between high protein, high carbohydrate, and’ high‘ fat ’
. diets do ha‘t/reflect different leVels of liver protein. -

-liver' PChE activity

'_The extracts, made at a standard conce,ntration of de 4 (w/v)

Since the F-test led to the rejection of the null
'hypothesis that the diets are identical at the 0. 05- level

‘of significance, I chose an error rate of ot =.0, 20 0 10,

and 0. 05, respectively The results of Scheffe s multiple

comparison procedure are given in Table 5. ) . <L

- Relationship between Liver PChE Activity and Casein

Content in the Diet

J

Figure44 shows that liver PChE ac;tivity increased “;

) with each increase in the casein content of the diet. A

strcng positive correl’ation exiets between liver PC&'\E

-A linear .

regression mcdel was fitted to the data and revealed that

(e) ‘was related to casein content of ,

N\

the diet (p) by the equation e= 0. 25p ¥ 11 76 (r-o"‘73)

N ) -

.
I

Live,r .Prote;in Levels under Different

Dietary Conditions Wl K _C

- The differencas 'in'liver PChE activity, ;neasured."as

micromoles per 'minute'__per g wet weight of,';'tissne, f_oun'd

- .. . L
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"-fabieisi“ Scheffe s multiple test between the diets: for 1iver PChE actiVity, £inal g
' . body weight, daily food intake and daily energy intake. . .
. .+'-- . ~chow a;;*~——¥h1gh “ T imign " High
_ Restricted ad lib, Protein\ . Carbohydrate . Fat ..

PRI — _ : — - : _
'.3Re§tricted' - ' ST e e B L S h . o
. _'thow ad 1lib. . . I -_.1-0 2.0- ,.3});4;:1. L= :
e | ' XX 'a_'k“"z S , . o . .

'_H_igh‘ Jprdtein’ ‘ 0 2 ;3 4a 1%:27,37,47 e T : . ~ s

. : T : . 3 > : -

Lo~ T - ) . > - -
Sa o - - e - ] . L ) i

High carbohydrate,z 1 ,2°A3',4a: | ix,éb,df,ic- 2P ﬁaf . 0 - | o !

99

RN

‘;' ngh fat 7 ,’ *1°;2F§33,4a- 1?,2?,3?;4 1P gk 38 005,830, . -

Thenotaeions 1 2, 3 and 4 are to denote ﬁﬁe variables daily food intake, daily energy
_intake, liver PChE activity and final body  weight, respectively ' .

o

:,Supers%ript a indicates the pairs are significant ‘at e¢ = 0.05. . . ..
"_Superscript b indicates the pairs are signifi ant at ot = 0. 20, . _ ' T

Superscript < indicates the . pairs are significant at X = 0, 10.
'~Supers¢ript 0 indicates that'-for . the ‘Vvariables- daily food ‘intake and energy intake,

there 'is a significant difference between the restricted group and the other groups -
bécause the variance is zero for the’ restricted group. . « ) '
g ) f'isuperscript X indicates,there is no . siqnificant difference. )
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Effect of different levels of protein O

‘. on.“the- activity of live;: pseuddcholin—
. -._- esterase (PChE) .in: mi;pe..
;‘enzyme activity is,
- thiocholine* formed’

[

A vhit- of

micromole of ot ' ) ‘ .‘f

" the standard a

iin .1 mipute, in;

ay. (Dietz ‘&t _al,

1973)

‘pexr g wet’ weight of / tissue.
results are the’ ‘mean” & standard

b L
A minimum of six apa“.l)::ls; TR

of the ‘mean,”

The "~ 7. : L "‘ o

' were .used. inoeach group Each diet
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:deviation of

o observed.

of giycerol was also seen.

. A
: . h‘."' i . :
B R ~. . e .
1 ) . A} ‘
- ‘ 69 .
: . .
. R "N,
,:-‘- ) ', .
Iso-OMPA Inhibition of Epinephrine—
J

’ : stimulated Lipolysis in Vitro g

The resulte'in Table 6 show the mean + the standard.
e reléasebe glycerol from isolated pat

adipocytes Under ‘the various inCubation conditions. ~The
release of giycerol in the presence of s X 10 5M epine—
K'es Ny

phrine (1843 +.1040 nmole/l hr./ml packed cell volume)
Was significantly higher than in the basal condition

(649 + 294. nmole/l hr./ml packed cell volume). Whenv

< epinephrine was incubated with. propranolol (lO M] Y

\i significant inhibition ‘of the release of glycerol was-

Similarly, when. epinephriﬁe was incubated with

Iso-OMPA (10~ M), a significant inhibition of the release
> N\

a2

\
~rr*

A i : v
4 o
- t A ‘
N T W < vl
AN
a -
v . *7 DI
e B
\ g =
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0 T 7 lipolysis by Iso~OMPA: in-ipolate
S ~adipocytes.. . . . '

) .‘, N o L X
. .._' S ’ E NI ' ":. . -.. B m e Sy l
4 B : ’i‘e;bi'e.'G: Inhibition of epinephrine-stimula,ted

d rat

S -'.'-.'- : I 'Release'ef_.‘Giycerol
o D A K " “nmole/l hr./ml packed

/'42' ., p

(11

’ p——

.. Epinéphrine; (5 x 1072M) ' “1843 ¢ 10

._ -Epinephrine + Propranolol . 377 t 56¢%
(10” My oo T
- ’ . \‘

TuBasal- L Ui U o694 & 294

G Incubation.Condition " ¢ell volume

40%-

'Epinéphrine'+§Iso=0M?A(1o’5M) 408 ¢ 316

‘
N
8

—_—

:. . . = \ ".
— o . . s
1 . . .

- e e e remag e b

Results are the mean % the standard deviation of
4 observations. Statistical 8ignificance of difference °
L . bet een basal and experimental (Student's t test, based
. . ifference between means) is indicated by *(P<0 05)
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T PChE Activity in Isolated Rat Adipocytes o
under Various Incubation Condrtidns , - . .
-T. - 1 - LY
y .
Aéipocyte PChE activity under basal .and in the presence
l - . oo
of 9 x WM epinephrine were nof significantly different o » A

(Table 7). However, when the cells were incubated in the

4

presence'of 10~ M prapranolol, a significant inhibition of
PChE activity occurred as compared to the basal condition. . ‘)I

_PChE activity was, as expected, significantly inhibited C -

-when\lO_SM Iso-OMPA was present in the incubation mixture,

Table 7: PChE activity in isolated rat adipocytes . ce
under .various incubation conditions.

" Inculation Condition ~ PChE Activity
] . : : nmole/hr: /mg protein !
\l e - ¢ A

Basal 311.8 + 78.0 ' *
=5,y R S !
Epinephrine, (5 x 107°M) ~ ':,‘\;296.8 4 36.7 | o :
Epinephrine + Iso-OMPA, : 3\{1 4.2% :

(lO-SM) ™~ . : ‘ {
Epinephrine + Propranolol, ' 38 ;\i 50. 9* . {
(10=5M) _ S : 5
o : o B} c 1b C o I

' Results are the mean t the standard deviation of 4  * ) )

observations., Statistical significance of difference
between basal and experimental (Student's t test, bhased
on difference. between means) is imdicated by *(P <X 0.05).

e -.1-.___-..~~.| s vvars
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Purified Horse Serum PChE lacks

I” L_polytic Activity

a o

EEAR "~ The’ results imTable 8 show the lipolytic activity for
’ — =
the purified lipase preparation and for the purified horse

-

. serum PChE!‘ The lipolytic’ activity of the purified.lipase

. o Ser o =
e e e e g e o S A o L€ PP - S e e i § A e o sy SR v e

/ T was 483 t iOQ.pmole/min/L. In contrast, no lipolytic activity'

was observed for the purifieq horse serum PChE.

4

| . ‘table 8: The lipolytic activity of purified horse
. - ' serum PChE in vitro as compared to that
' for purified lipase.

.

, Sample ' o, ‘ Lipolytic activity L

. . L - ‘c’ micromoles/min/L‘ L

~ : .o ] . } .
P . {

. \‘ Purified-t.ip‘ase'-.' _ . . 483 109

.Purified‘horse
gsexrum PChE

PR

-

' Results are the MEan i the standard deviation of 4
| 77 - observations.
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© of purified lipase, in vitro,

_when the purified lipase was incubated in. the presence

* ‘Purified lipase only 'A, S

‘Purified lipase +

e

)

" The Lipoiytic Activity of Purified Lipase is not

affected by a Specific Inhibitor ¢f PChE, Iso-OMPA .

[

[ 4

The effect of Iso-OMPAeon the 1ipolytic activity :

is given in'Table 9. No '

'significant inhibition of lipolytic. activity was observed

—

of the specificyinhibitor of PChE, Iso—OMPA.

8 7
~

Effect of Iso~OMPA on the lipolytic
activity of purified lipase in.yitro.

~
—

Table 9:

Sample.

, <

: Lipolytic activity

—

micromoles/min/L ~

3 ” ..p

48;‘:,109

R l' . B

. 442 £ 70 .7 .

Is0-OMPA, (10~5M)

7

. observations.

. D
Results are the mean * the standard deviation of 4

There is no significant difference .
between the two samples by Student 8 t test. C O
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' proteinemic and obese-patients.\ In genetically obese .{ob/ob

hagit this study, I used two widely.accepted,experimental S o

" PRSI

75 -‘-ir

PChE in the‘sera:is increased in.over 70% of hyperlipo=- -\\J;.

'and“db/db) mice, :increased serum and liver PChE'activity is
a'consistent_observation._ Decreased adipose tissue PChE
'activity is also an established findind‘in these-animal models.'_
However, on a per cell basis, the activit would be higher;

-Moreover, mice given gold thiogluco o] induce obesity

showed the same kind of altera ons. in PChE activity as is SR
observed in ob/ob and db/db mice., Therefore, abnormal levels ?
of PChE are rniot restricted to genetio models of obesity and .
diabetes.

These obese animals could serve as a model to: study
PChE in relation to its involvement in lipid metabolism since
‘they" have well. defined alterations in lipid synthesis and
catabolism. These abnormalities include 1) ingreased .
lipogenesis, and 2) decreased oxidation of fatty acids.
Moreover, genetically bbese rodents are frequently used as,
models of obesity -and human diabetes mellitus (Bray & York,
1979) "In mice with genetic.obesity and hyperglycemia .
(ob/ob mice), high ‘blood glucose levels, high plasma insulin {;
levels, and marked obesity are present at least during one
period of the developing syndrome. The fa7fa rat becomes
obese but does hotdevelophyperglycemia.'Tmis strain is
of interest for diabetes research because of its marked

peripheral insulin resistance (Herber% & Coleman, 1977).

I LSS
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_ships between obesity and diabehes, .and PChE. The first
'was the ob/ob mouse and the second'was the genetically

_obese Zucker fat (fa/fa) rat.

‘and adipose tissue of -obese individuals have been concluded

_to~be due to high calorie intake;'-These conclusions Were
N

"made on the basis of results in hyperphagic obese micg‘and

‘lean mice fed a high calorie diet In both studies, PCEE '

" tion of fat (Rabinowitz, 1970), results from either'the
‘-ingestion or more food energy than the body needs or- utilizes,n
- or the expenditure of less energy than normal (Bray, l979)
._some stage of developing obesity (Herberg & Coleman, 1977; .

. amount of macrqnutrients as well as‘%alories when,compared to

.of the obesity.

——e -

76 -

models of obesity and diabetes to study the\interrelation-

-( '3 3 ° ¥ i

‘The altered levels of PChE activity in serum, liver

activity was altered in, response to overeating. One aspect o T

that is fundamental to the discussion of obesity is energy

balance. It_is clear that obesity,‘the excessive accumula-

-

.0vereating is observed in both obese animalsandnmn during T '1\ N L

'Bray, 1980) Therefore, obese individuals ingest greater L ’:.- ye

non—obese individuals during some stagE“of the development

'PChE Alterations in Zucker Faf Rats .

T : . B O

‘Similar to the obese patientsukbhufet_al, 1978;
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Cuciuanuet al, 1968) and mice (Kutty, Huang & Kean, 1981),
T this study showed that serum PChE activity is- significantly

higher in fa/fa rats when compared to the lean controls

(Table 2) I have thus shown. ‘that PChE activity is altered
in another experimental model of obesity and. have further
illustrated-that altered PChE activity is.a consistent
observation in obesity. T
istic in both obese mice and fa/fa rats (Bray & fork, 1979)
Obese patients are also known to overeat (Bray, 1980).

‘ Previous studies by Kutty, Huang & Kean (1981] and Kutty,

Kean, Jain & Huang (1983) indicated that a high calorie

. diet is responsible for the increase. in serum and liver PChE

activity in obese mice since these mice overeat all macro-
nutrients in?luﬂing protein.

+ A relationship between PChE and nutrition has also
been suggeated earlier. ?SE example, Gerebtzoff (1959)

demonstrated that in mice, which had been: starved for 24

4

hours, the liver PChE activity was increased after refeeding.

The increase in activity peaked at 4 hours after refeeding

and then the activityldecreased. Waterlow (1950) observed

a marked increase in serumipdhE activity after malnourished

ihildren~had been'treated with»a high milk ddet to inprove

their nutrition. -A good positive correlation between serum

PChE and food intake inqthese fa/fa rats adds further proof

»
'
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Hyperphagia is a. COmmon character- -

"

A

. . » E T
. 0y toe L ' '
. \ F —aty

Ce L A . N o . .
. ,' - ‘ . NN ! L H “ L Ty ‘
N - Lot y Lo : .
. . . . . N
. ., . . . ’ . : - .
' " o e : . / N - - L S
z v K N - o ' 4. S . [ . . - /s
. , ’ © e N “ ; A E o . v
. R N : - T B R
[ — LR ) e\ g s o - : ’
AR RN . ST ST T :
o Wi i
< b B
"

¢

«
[ Y

~

T e ekt A Iy ok L b

L4

. .
B e e e )



R —

EUUI S SN U SRS

J e

B et L I PR R
. - . I

v por e e o e

' ‘ i ° - N . .
. e - " \-' -
N . )
. 3
. " -
.Y . . L

12
Wi, I
.-.0.-

: that there is a relationship between. the enzyme and

: have its origin in the liver (Terzani, Natalizi & Macinucci
%
} stantiates that conclusion.-.

' patients with hypertriglyceridemia (Cuciuanu et al 1968' Q&

-

. nutrition (Table 3) Serum PChE has been concluded to . | ﬁ

~

1968 Sawyer & Everett, 1947) and this study also sub-
- "’ N i __-‘1 :' :-‘ ’- 1. ,.

s -0_ e

Serum PChE has been reported to be increased in - -‘
- :

Pt

Jain et al 1983) In this latter study, Jain et al,

-
7

(1983) examined results from 304 hyperlipcproteinemic

patients., They fcundtthat ‘about 40% had'type v hyperf

' lrboproteinemia and increased serumiPChE activity. ”Similar ;Y

4

. results were observed in patients with type IIB hyperlipo--

. are characterized by h;ving increased serum very low density

Ce
n

'afﬁrqtein calories. PChE is dlso produced in excess under

proteinemia. Both type IV and IIb hyperlipoproteinemias
R

o~

lipoproteins (VLQL) . Zuéker fa/fa rats are not’ only a good ﬁ“
model to study obesity-but also hypertriglyceridemia.' The :
increased triglycerides in Zucker fa/fa rats is apgarently a
due to and manifested by enhanced production of ‘VLDL: hy .
the liver (Schonfeld & Pflgb r, l97l Wang, Fukuda & Ontko,
1984)‘ One of the major rgasons for the overproduction of _

VLRL in the liver 'is due to excessive caloric intake including

similar circumstances. HOWever, a direct metaholic role' for

f_-EChE.in VLDL metabolism cannot be. suggested at the present

‘ M 4 s . 2 B ‘ .
' . Lo '7.‘ N , -
0 N : . N X - .
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. time. -On_the-otherfhand; there is evidence to show-that PChE

- can stabilize low density‘lipopfbteiﬁs (LﬁLY which are
~main1y derived from VLDL (Behr, Batsch Forte& Bensadoun,t
1981) : Further studiesnare.needed to establish}& direct :n.

h,role for PChE in lipogenesis, VLDL synthesis and LDL turn-:.
. RO ’ o R . ., ) ) )
over.-~ o "~-;a o . 'jf .i v

' Serum PChE has a good positive correlation with food

\:
intake, body weight and serum triglycerides. Similarly,-

. ‘1?\

N «2~
a -
§2) In both these animals, PChE aativity was expressed in .

-\adipocytes~of Zucker fa/fa rats was found to be 3-4 times.

imately 6 8 times larger than in the lean mice. There{ore,

‘:food\intake has a good positive correlation with trigly-~ .

~

- cerides and body weight (Table 3). For the-reasons mentioned_

‘aboye, it appears that in fa/fa rats{-hypercaloric nutrition
.:is the common cause for increased PChE activity and also fqr
i hypertriglyceridemia. However, the exact relationship

between these variables~in~re1ation to PChE at the funda—
jmental biochemical levei remains to be resolved. ‘; "

In contrast to that observed in ob/ob mice, adipose

> Lo,
tissue PChE activity was not reduced in. fa/fa rats (Table

nt

terms of wet weight. The mgan cell size of epididymal

larger than’ in leans lCleary, Brasel & Greenwood,.1979)
The mean csll size of epididymal adipocytes\in ob/ob mice'
have been reported (Johnson & Hirsch 1972) to be approx—,
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[ ST one. would suggest that the absqute enzyme activity per cell
' é ' 'should be higher in more enlarged adipocytes.‘ This is .
! ~
.,§ BecauSe there are fewer Humber of adipocytes for the. .,
- g ) same mass of adipose tissue in the obese animals when . '
. ,z-' .: . R O . . . .
i . compared to the 1éan aﬁgmal. e oL T .
Cot : - . : . o - B o N
ij L : ~ e, : '
. ( - ~Liver: and Adipose Tissue PChE Activity in Young ob/ob Mice-- .
oy , Ry
) ,i'.‘ Relationship to Characteristiis of: v -
| ! e y . ) . . \Il ‘v . ) V ) a L
. - ‘ Postweanling_ob/ob Mice
:. 2' . ._\.‘ Lo, ‘ r kad ) ,’-I~l~~ i '. - ' K ._
j ' L ‘ 1t is known that the hyperphagic phase associated with ;
Lo S i :
I RN the development of’ \obesity in. such animal models as 'the o :
1 L - : . [ ;
. o ob/ob mouSe is evident almost immediately after weaning, §
. o7 (Bray & York l97§) Lin,gibmsos and Leveille (1977) .[, :
. . s ' | ]
reported that the intake of a stock diet was depressed in "
- ob/ob mice until day 35 after which hyperphlgia was observed. 4
Before weaning, milk intake is normal (Lin et et .al, 1977) ;
o % N I ,:
*Kutty, Kean, Jain & Huang (1983) have previously proposed J :
Z_{g;i X .-‘al that “in obese mice, the increase Qn plasma\PChE activity .
R L . K
A o “occurs in conjunction with hyperphagiav “In this study, I < o4
: o I _ .‘
L L S found that liver pChE was significantly higher in ob/ob : ';
- o - o mice as early as 23 days when compared with lean controls.i : A
! I | o . .
A ' . In contrast, adipose tissue PChE activity is significantly ) 1“ f
! less ﬁn ob/ob mice and this is also evident at 23 days of ! [
| f..“ff”fffﬂ' . *i age (Figufe 1). ﬁowever, adipose tissue PChE~sctivity would . 3; o
~-‘:- ) L.i ' R . o ' ' : ' t ‘ \-j
o - K N I
L S o a .,
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faii.whereas the decrease in PChE ohly 2. times loWer in the A
”'~(obese mouse. o }"“?'g.f . h \:j "5{1:"f‘, M: f*ff*; R §

.of\age or even later in ob/ob\mice (Bray & York, 1979) and

" . {Lin, et et al, 1977)

.(Dubuc, 1976) but insulin resistance is not evident until

_Godbole & Thenen, 1980)

" in the weaned ob/ob mouse although there is aw initial -
.'(Dubuc' 1977). ; , ... . ‘ o . :. . . :-:'.“ ‘. ..’-":1
I'show a- parallel increase with ‘body weight and food intake’

- at, 23 days can be seen at an earlier. age period than was

fa/fa rats Flso provide evidence that the increase in serum

S
. and: liver PChE activity is a function of hypercaloric

- ._nutrition. The fa/fa rat’ cannot be visually dftected before

v 4 weeks of age which is similar to that for ‘the ob[ob mouse
. ] . St . . 4 N .‘)- l. v
' /f . ' RO AR BI ' '
;"g . -J,

” Moreover, adipocytes are 6-8 times larger in obese miqe f'v“ ;1ﬂlﬁf'-Wb

hyperphagia 1s. not 1ike1y to be present at 23" days of age'ﬁ. o 'x

» Observed before in plasma which started at. 35 days of age f / e
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Overt obesity does not occur until about 25 to 28 days

o

Insulin first rises around 3= 4 weeks

ths,sixth week of age. in muscle of ob/ob mice (Grundleger, _--"-"=*Q

Moderate hyperglycemia is observed
hypoglycemia at days 14-17 in the face of rising insulin . o ,: ‘ 1%

D . . - 1
In this study, 1iver PChE activity was also found to ' " Co

,-

especially in the ob/ob mice (Figure l). This increase“ s

’ 3

(Kutty, Kean, Jain & Huang, 1983)

Kl

The results for the

]
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; i . (Lin et! al 197; Bray & York, ,1.979) - Li’ke the ob/ob o v.
BN 4 . Yoo S e .\"
[ i . ‘mo’usé, the fa/fa ra is not hyperphagic before weaning "~., «
N | R A
’ ) (Stern & Johnson, 1977) Furthermore, the obesity of .
&' . 1
i
. T . N ,»"{\‘,. " . 3 vt
l 5 (Dubuc, 1976, Bray, & York,_1979) Chlouverakis (1970) 4
oy SR P
o ) also showed that ob/ob mice can become ohese evlen in the o o :
\*\\’ ) ) ‘ absence of xt-es;:ive food intake. Apart from the dietary 5
' ' L in,t‘luence‘s, .EChE maNa a. direct, effect an lipogenesis if:"-‘,.‘.;'; s ‘;.\.' ;
' / S
at as. has been suggested previously by Ballantyne & Bunch é'-;'?: R .,:,.!
(1957) 'rhey found that pcms is assodiated wi’th tissues._;'; R e g
; . o B
[ mhich are known to have a large “turhovér~ of lipids. (O
H e 5 L -l 0 B Y
} s Increased lipogenesis ,is present g‘n preweanling ob ob j';; ke
b oo, R A |
4 . mice and this 18’ bef'or‘e‘-‘; any visable signs of obesit ;s_\f‘ch_: N l
3 \ as increased boj& weight ('l‘hurlby & Trayhurn, 1980) '1‘_his o
N also might ‘expldin the increae‘e in PChE in the live', cf\ 3
. I. N - Vo E -": " .
- i the ,0b/ob mouse/ before hyperphagia is eVident."-" The rEBll;l.tS' 'Q cod
¥ ’ =
N here shovt%t liver and adipose, tiasu PChE are also RREY SR R !
P altered before overt obes(;:y is evident in the ob/ob mousek L i
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i 'g:jl?{:. o '.1.."' “.f;;i'- in’ the q4j0b Mouse v B .“n)r«~w"7/-
S N R o H““\t\_‘ % L S~ N
~E; ;;‘ : R - - e & .‘ _!;
EI v . The electron microscopic studies o liver (Figure 52-- R
gﬁ;N“t . tverm the oh/ob mouse provided information on the sub- ' ;"f . ST
o -g- Q . . ""jcellular\site of the enzyme . and'also the apparent under-hf / ; j;“. N
{ b .'cdlying c%&se for the elevation of liver PChF activity N .:; :4;: :' J
:Eﬂﬁf ' .!!wn-The results of" the electron hicroscopic studies ;>f\\[.f §
* f\ 'tdemonstrated‘that inpthe ‘ob/ob mouse, the intense PChB f-lf : _f':
R A§;2 \.activity is associated with the rough endoplasmic reticu- . 7\\‘f
.i' " lum, Furthermore, the enzyme activity‘was mueh greater - N i
“ i : ) :,in tﬁe/liver of the ob/ob mouse in comparison with that in’j", & .
‘.i“ h _the lean mouse. An increased rate of synthesis wa; there—l. . B { E
' E': -fore indicated;1n.the.ohes§(aninal.‘: . .T"Il/'; 1'“3;\3\ - o 2
Bk : - \ [
'QH- : E ‘{: I 'Dietarv T .uctiOn and Rép#essidn “f 'r*"f" 1':
% B \\' SRR . 'o_f-PChE--.;—«#'l : o 1
\Eggj o As noted above,_the observation of Gerebtzoff {1959) " 5 J
\;ii ?/T and Waterlow (\FSOL\have suggested a relationship between o ks%
.T>\¥§; PChE and- nutrition. This‘is also substantiated by results _ﬂ “é\r
:{i 3;‘ . in the rat. Harrison & Brown (1951) showed that liver PChE . ,g !
:g~:-,~id' ) > activity decreased in starved rats.. Henderson et al al (1971) é
‘; ;%."i" ; also\showed that both plasma and livqr qug activity decreased ; |
N y - o K
jf s ~ SR ,
f S S L i e ks




. r\ L e ‘ . .
) '1980). Thisis chiefly\ fat (Krebs, 1972, _plets high 1h!. " )
"fat decrease 1iver enzymes a?sociated with synthesis J',M \\f - '”,\'h'
fat (Romsos & Levei;le, 1974) j. f”, 5_. ‘\ _ ';\\\\*.t‘ ;
ol B In this study, a number of different diets were used" ,T\$\>;\ 3
. . : : w ~F
: ‘-and when the number of possible comparisons is 1arger, L

’1§3R_,' Ihcreasedsse\um_and liver PChE activ\ty\in obese‘\\;.

w

't‘or in a combination may be. the cause fdr induc"g eleva--.", o

o ‘on the type of diet|fed \Changes In e proportion pf

. increase liver enzymes associated with the degradation of s ; . s

macronutrient to a storage fuel in the b. 7 (Aebi & Berger,yf

ircomparison procedure was uged’ to determine where significant

mice and Zucker fa/fa rats\is\apparently due to hypercaloric

—_—

nutrition It was thus important\to\determine if a specifI_

\ - \.»%(. .

..type of diet such .as protein, carbohydrate, or fat alone, :['5\

'\

\ Lo, . N . . '-‘ -

tion of PChE. C "X :‘ "-‘-‘5\13"‘

,/ - . " o ST, . \,,.‘

?f . Diet causes either induction or repression, depending\\/u

PR ‘\>\\\

proteig{ carbohydrate‘and fat in the food taken bylanimals |

aan have marked effects on given liver enzyme 1evels AR o

. (

(Olson, 1975)\ . _‘: n,ﬂ‘::{'lﬂi.ai..'\:

In general, diets high in protein or carbohydrate

\

7 \ rove .- :‘,"V,
the macronutrient and/or enzymes conversion of the‘ 7 .

: L

ffthe error rate will be gréater. Thus, Scheffe B multiple:,z

v

differences\existed for the variahles between the pairs of
\M . . . / . R
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\/,TE\"\\ 'h_f.?'_\ - o . “- .'/..‘.\ " . ;" .
. \I L . “‘ = 7 . . :.._k- ,:”” ,\ ) / | ___‘. _: .
‘:‘( §’ : '..- :8-5 :\\-‘- ‘/ - - 1, \( B "‘-.:‘-,..
',‘f‘\;?- - - g Do ‘ : ﬁi : \\?
_;i;;ﬁ.' 7.;_different\' ug}\used in this study.. First I have shown ‘that
i deo .' Y P N
4 when mice are fed’ a, regular mouse chow, restricted to about
l'.-. § v
N , - ,50% of adllibitum comsumption, there is a-significant re-'..-
' ;fduc\\on in liver PChE activity (Table 5) Further studues B
2 f,;}\ S lindicate that a maximum induction of the enzyme in the ;x « m
Lo el o, 1 . l_--- N
. Liver occurs/with high levels of protein intake. On'the S n
SR ;~~g-u- Lo
i :~/ other hand,rwith the high carbohydrate diet, in. spite or v.'?ga,g
':-fff S the higher energy intake, the induction was significantly Ja
v ’ & o ":" L "~ . \ Y
. ' ﬁi\\;;#*a 1ower than with the high protein regimen (Table 5) and A
\ s ;.. R . . R .' e,

(TabIe A) The regular mouse chow and the high carbohydrate TA\ :

. } o diet were not significantly different in protein doncen—" -
é tration It therefore apggars that the effects of the liver
: ’ *'PChE activity are due to’ the protein conte“t - Leto et a1

iy - - B (1976) showed that liver PChE activity—in rats, that_th— ¢ )

; »fdf\ -”ﬁ;. been fed a 26% casein diet\\was significantly higher than .;
‘ s '\; | in rats fed a. 4% casein diet When protein was absent - ,
Nﬁ'ﬂ . v}_ from the<;iet of rats,'a Bignificant-decrease in the! liverlh

ost equaled results for animals fed a regular mouSe chow

enzyme was observed (Barrows & Roeder, 1961)

‘4

when patients with kwashiorkor were guven milk protein

Similarly,ij“'

supplements, ‘serum PChE increas

i

Las compar\d to" pretreatment lev
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ed iwo fold, on the aver?ge,
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:Qdiet, the high fat diet appeared to cause a~repress10n of

.JU#:-fliver PChE (Table 4) Klternatiyely, the low pnptein ~h_i .
f *_}jcontent of the high fat diet may be the cause of the low

K ' -PChE activity.F Moreover, other essential nutrients An; the

N\
. ¥ - 0 ‘*\\ i

,ﬁarallel with the increase in casein from O%Jto 50% casein

¥ & e,

3 (Figure 4) Sucrose may not produce either repressibn or

i of animals fes .chow and high carbqbydrate ad libitum }Table;”
4) It is cléﬁ\'that the changes do not dgpear to be. ﬁue*"
: : v’k

ooy
to calorie, that is.energy,%intgke per .se,

)a--f

-e

T thn this study, I showed that liver PChE activity rises in’ .

v“diet are also ducreased and this may have had an effect. 1‘jli

- \
'induction of thE becduse levels were the same in the\liversﬂ

. strated by the fact that no sigkificant differences exi%tﬂf-;””

:,A': between “the’ diets except for ‘the results in the hfbhb lii

o » . . ‘ i
C ,,‘_,;.

carbohydrate-fed mice., -p RS
e . ST L I . e '
o v . . ) / ,’, L 5
v RS A o . o ”
"‘y - :;-,_‘ '? ﬁhysiological Role -of. PChE ) }5
. . . '.v " '0 . L _ :.he_ . p i .
."' o ) ° . . . ) . e TS -1-.,019/“ ’ ﬁl”;’“.

ol . >

o 'f-To date, there is no clearly established«physlolégical
YL

role for,PChE. My present observations are consistenu with

. >

the Buggestion that tﬁis enzyme may be involved in lipid

] o Ny o . e . /y/l ;/.'\ ‘
These authors suggested

metabolism (Clitherow et al 1963),,
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~—— erated fatty acid meﬁpbolism to remove intermediate choline R {f—

' at what mo! e d%

-(Aebi & Berger, 1989

' genesis (Bray & Yor

1
'Donald Pitts & Popﬁ‘xﬂﬁal) demonstrated this when they

e—— I

_ showed that adult ratsffed high’ levels of protein in their,ﬂ;

",intake between the-two groups was not different (Donald g

i Il L‘ ) . \_

i
- the nonproﬁe%
I
bt
1981). p;fﬁ;g?‘

iy
esters that woulddbveormed (Olitherow et al, 1963).\ High

p .‘ - .
protein diets ﬁahl‘ $ P to cause increased lipogenesis ,g, . -
p o f v‘-'

“

i
/ !y

Obese- animals have increased lipo—a; v
Higher than normal 1evels of

,dietary protein.may“ 156 increase the tendency to obesitymef" ¢
LW X T

[

’diet had twieeuthe ab olute amount of fat asg those fed a -

low protein ?iet.g FhL diets were 1socaféric and the ﬁood _
L

et al,\198l)

f‘ Moreovep, obese mice consume more protein than

lean mice (?hee Remsos, Bergen & Leveille, 1981) and

regulation of pfotéin intake was shown. to be affected by -

):aoronutrient source (Chee, Romsos §'Bergen,

\
‘.‘z‘ﬂ

. ow it

R
B v“!’

intake was lower if fat was the source and

A

e

Mt
e

\ :\T
i ‘S&i%ﬁgrbohydrate. However, itis not clear

ﬂevel the exact induction processes take

ecific intermediates of protein metabolism .

e

'fT\wu

'cause the indéction of PChE. It is also interesting to

- .\S\ ‘e

)‘,{\\\ \ v\ ’

WW“h'
Leveille, rgg‘\\i\\\l.\xn addition, Cawthorne & Cornish (1979)
showed that bd Olean and“obese mice are affected in the

same way by a k@%g fat dietf\ The'rate of lipogenesis was
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1’71% 4:' phosphorylates triacqulvc

* binds to the beta—adrenoreceptor at the- cell membrane to

activate adenylate cyclase for the production of cyclic

adenosine monophosphate(cAMP) ' The CAMP binds to the

-

engulatory subunit of a prdtein kinase. This protein kinase N

ﬁ.;lﬁ f"flincrease in,iipolxsis._ L . ,: i _‘_: ‘4.' \ e | v

. »
S~

.activates tryacylglycerol 1ipase and this resultS'in—an .'- : )

”

An association between PChE and lipolysia has been .

,made.n The results off/;“;\study will be discussed in

‘_,, rﬁ“'relation to two of the key components involved in activa-\\!;r“"
sn

",.4"tion of lipolysgs in adipose tissue by adrenergic agonist

;the beta-adrenoreceptor and the triacylglycerol 1ipase. '\7 R

The resulta ‘showed that the purified PChE exhibited

3 : \ = - : _"-." 4 . . yn L .
- " - - >~ - - vy Qv‘q_; - .-.-.‘...,'-.. [ .__,._'.. - ! | .:lk.‘.. e i ?
a ) . B : . 53 \'}.’..-' . ',"I_ "..l '-, _(’
» o N . o .:.._' ' " T ‘.)’" 4' ) $- bl
. BTt S i
i! ¢ . ,58_‘ » - A l \
decreased in the faan and the bb/ob'mice;l Ev
) Moreover, in patients with hypertriglyceridemia of endogenqus:';u .
’/ origin, as ﬁound in types IIb and IV hyperlipoproteinemias. N .
o ,/ serum PChE activity was found to be increased (Jain, et al, :
b 1983) S S L -‘ Lo
YR o " oL, Lo . . o ) [ R
. :'\‘/' . - Lt . '. L l:‘.:l_(g&"' .;z . . ' . TS - - T
f7 .. - 7 - PChE and Epinephrine-Stimulated|Ligolysis: '
[ ~..~ — _‘ . . LA , - . . ‘. \./. \
. '.-/‘ o ' ’ ’ ) ' - . . 3
f'/;[ o There are three ceﬁponents to the activation of lipo—' :® ;
/. -'; lysis in adipocytes by adxenergic agonists such as epine~ e T :
.I‘ P - -‘ R . "{
CF phrine (Faih & Garcia-Scisz, 1983). First, epinephrine cet :
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b no lipase activiqy towards a. substnate readily hydrolyzed s e
Ki .. 1 . ." - ..: . o . :l" ° n,
b by, the purified lipase '(Table g ;PChE is known to: hydro- EIREE TR
; ll :
M ¥ i o o ‘o 4 0
i . <" o" 0
f? e ndel & Rudneyf 1943) but 38 shoqp ino - gn g i
i - " this study, PChE has no activi.sty for the triolel,i"n ouaed irQ 9, L°
] O . oop . :. )
| ¢!~ | " this studg\/ Dixon (1948) ‘dia show that diisopr&pyl flgdro— - ;;{,
. " phosphonate (DFP) does inhibit lipases.. B8 is an Ynhibitqr c h_"
: 3 -
. . k o °
i L s . of PChE (SilVer,'l974)., Thus, the inhibition of lipolysis ny:
.% ' ﬁ'o by such organophosphorus, PChE inhibitors, such a DFP, " ﬁ;‘\,ﬂ
!,f . ;V would appear to act by inhibitng lipases Hdwever the li‘\;l Toe uzx;
4 i-{ ' concentration of BF? required to inhibit lipase is ,000 e o L fir
SRR timee greater than that to obtain’ differential inhibition\ I ?
; - o Yo |
A T of PChE (Silver, 1974) Furthermore, DFP inhibits 9t‘her L 1
'? ; enzymes such as trypsin and chymotrypsin (Dixon & Webb,- Lf ' 1
{ o '. "“ . X v .:. _'. < N
i ° : 1964) Ehese results would suggest a nonspecific affect f{~ - )“1'
. L Ny ) . "\.‘ 4
LF . e of DFP on lipases. The results inrthis study also ShOWed RN g
. A '/ Ty X '
; - tnat Lso—OMPA, a selective inhibitor of PChE has no- effect R ?
: X . i
- L“*‘*‘“‘“‘”“ on the’ lipolybic activity of‘the purified lipase (Table 9) Lot ,'_f
) S - This would reaffirm that specific inhibitors of PChE, at . f .j .
-l SRR FIRE
- -:EQZL:' ; concentrations selective for\izhibition of PChE, have no - ] '}
e o : effect on the lipolytic activi Yy of lipases. o*"' N
. : ~ ’
i E : How then does selective inhibition of PChE relate tQ 'n-ii
Qf' ',\ . inhibition lipolysis as suggested earlier by Szendzikowki ' E o
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: at _al al (1961/62) and Colville et al (1964)? A relations I I
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;D inferred byathe inhibitory effect of propranclol on PChE

'

Propranolol is widely known as- a beta-:.

- A ' ""-'\'.',. . "--
gadrénoreceptor blocking agent which inhibits the lipglytic '

Ed
K

action of catecholinamines such as epinephrine (Gilman,

g

Goodman«& Gilman, 1980) Marmo (1971) showed that proprano—f' 5.5

4

lol inhibits serum PChE activity in rats. Whittaker, Britten

u;.& Wicks (1981) demonstrated that‘propranolol cquld be used

",as a differential inhibitor of plasma EchE in man. In .ﬁ;fr

this study, I have shown that propranqlol inhibited PChE fﬁjgnf?

activity, like ISO'OMPA, in rat’ adipocytes as well as ng ':j,f'_fﬂi 3.

)
. .

blocking epinephrine-stimulated lipolysis (Table 7). : -,!f;;~f::“ .
addition, the specific inhibitor of PChE, Iso-OMPA, signif-f‘
icantly inhibited epinephrine—stimulated lipolysis like thed L
beta-adrenoreceptor blocking agent propranolol iTable 6).~'h:$l'f

Propranolol is not a quaternary ammonium compound like sub- .

strates for PChE, and it—dbes not structurally resemble

' Iso-OMPA (Gilman et el, 1980, Silver, 1974) ,Propranolol RERHY

sy may then act at another site such as an allosteric site.-f‘g. 3 "_T'T

s
Tt TN

_? The presence of an. allosteric site on- PChE has been f.ﬁ.: SR

suggested for PChE from rabbit liver (Rush Main, Kilpatrick. i
" ' ¥ N t T

:i & Faulkner, 1981) By whatever mechanism, propranolol

inhibits PChE, its effects suggest that there is a comple-:

me'tarity of the Ptructure of PChE and of the beta—adreno- i.»i l‘

7 o

heptor.z

However, the exact relationship of PChE and
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observed in ob/ob micé '

o the nut itional state of an indiv dual.

:J?PChE in adipose
tiof cAMP?

,‘that PChE is altered in
obese mice..

ﬁby %he relative differences=

'2different animal models of

:f'increase

:i‘to be r 1ated to hypercal ic n,trition.
VE

_that se um PChE might serx

eviden e has been put forth'here\that 1iver PChE activity is I

.;'a funcLion of the level of
el N g,

'lactiV'ty is elevated as eafly as<23 'ays of age in the

e e

ooy :
: w’"’“ —

" Lt e
RN

In conclusipn, I have'demonstrated an increase in ,fﬁ"

This reaffirmsliu

'd obese humans.
besity. Liver PChE activity isjby' AR

aiso increased and this i similar to that observed in

)

ob'sity and diabetes. The

i

S

Thus, I propose RPN

:qs.a\iotential marker to assess ;
More spébifically,

protein n’the diet. Liver PChE

o ,) .
mouse whereas adipose tissue PChE act vity is decreased

Howeven, adipose tissue PChE activity is not -"jW’ 1

in serum~qnzyme jctiv ty in these fa/fa rats appears l-" o

ob/ob 2f: S
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{F"f '/"Electrﬁn microscdpic studies established £hat 1iver PChE

V‘is associated with the rouéh endoplasmic reticulJm of obese f ’
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‘ .- =
- . 4. T F
M R TR O i
‘
T e
L]
N

-mice and that increased synthesis of the ensyne ls the ' R
:5'!"ff-.‘ '-;Qjapparent.cause of the increase activity of live¢ PChE - .i/{:' e
ng \‘-,;if _ /; Pfin opese mice. LFurther confirmation of increas'd synthesis ;£‘=b145/%f
“; : ’/ a8 the’ cayse °f enhanced enzyme lactivity in ,ob;.' ity.or B
; § SR f fndue.togincreasedpmoteinintake requires studies using T
- E \\ . { f'-,r:imx‘nuho-prec.tpitation techniques which were not’ ossible at ' '
"'fiﬁﬂ;ﬂg fttmtthe time of this" study. Specific inhibition o5 PChE cdgggs '7f;;i;§3 i

1fiﬁu.§ﬂ ;f”ﬁf.a decrease in epinephrinehstimulated lipolysis like-that -

Q“'ii,;{‘?* ;' :.&

: R '"'}ﬁ;' 'propranolol. However, this effect is apparently not due to ISR
O . : L g .

'ﬂyf Eiffﬁa,\ﬂ.'{ﬁgobservedsby beta-adrenoreceptor for blocking Sgents as

- 'inhibition of lipase.j The inhibiting effects of the beta-
:adrenoreceptor blocking agent, propranolol, on PChE activity

; and epinephrine-stimulated lipolysis i% isolated rat adipo—:y;‘;

._cytes suggest that there-are complementary structural features'

. C . P) T A
“ff{jf\"p _*'\” between PChE and the beta—adrenoreceptor of rat adipocytes. S Cn
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