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SUMMARY 

The morphological alterations in hepatocytes from rats treated 
with four diabetogens were compared : a lloxan (120 mg/kg, SC), 6-aminoni­
cotinamide (3S mg/kg, IP), N-methylacetamide (6 . 2S ml/kg, P .O. ) and 
streptozotocin (SS mg/kg, IP) . It was found that these diabetogens were 
all ab l e to cause hyperg lycemia (blood sugar greater than 200 mg%) in the 
~nimals together with some changes in liver mor~hology and functions. 
Only N-methylacetamide could produce a signific~nt increase in liver 
enzymes,SGPT and SGOT .. Liver ce ll s from alloxan and streptozotocin treated 
animals displayed similar appearance : depleted hepatic glycogen, 
decreased RER and increased SER , and the presence of l ipid droplets, 
which were more prominent in cells from streptozotocin treatment. The 
parallel pattern of ER normally seen in control hepatocytes disappeared 
after treatment with 6-aminonicotinamide and N-methylacetamide. It was 
also found that glycogen granul es in these cells were diminished, an 
effect which was confirmed by chemical measurement . Some degree of cell 
damage was observed only in liver cells from N-methylacetamide treated 
rats. It was concluded that the hepatocytes were also the site of 
attack by these four diabetogens though the degree of their serverity 
might be different. 
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H11trn"u1rl11il1i 1111'11u11n1u~o 11111.i'Ku 

ui:Ri 1ffi~sintt un: "'~: 

Ku L iJ1rn1v' ::fli1Hu,fir11~1ll'""',vDri," lu.;,"n,v L -dur1 ::a11\ii1'"",u~nnfl,·Hntn., 

lu1tJ'llil" glycogen n,.,t11~,vr1,.,Att (detoxification) u~::L11P1,UD~fl11 'llU'lt.tn,., 

LH~,dD,fftJL~uivu riD~lu~'~ Cytoplasm ua::lu Microsome 'llD"Ltfa~ Ldn~,"n,v 

tlfn., L tJ~vuutJ~"·•nnfltn'l ::tJnPi L .Ju L fi91 hl'I H-=iD lA'iuflT'i L fl£1~nmnvunn il1~~ ::fJNa 'liinT'i 

ti1",u~"na,,~,"~ufin1.,1tJ~vuutJa"li 

fl,.,tl9l~il"t11'l'1Lnl'll.,l'ILU1H41U19lvl~fl,.,Lflfilual'l-ltililail"LAD'l~LiJuuuu 1A 

n"1 ::t11111u1uu~' ( 1) l P1vl'lir111u1"110111fllut11~1v L utn:: 6-Ce 11 'llD"Pi'unDuti1 'lH'aPi-l 

tililan"t1,lil~D;l11u Insulin lllltJLQtJU~~u (2) H.;na11u1"tfOlilt11'lH'Lnlilfln1'1:: 

Insulin resistant . . , " I: flT'i UHa1tJ')9l1U tN In vivo u~:: In vitro L11U fl1"1.,1tl"1UNa'lJD"LU1H41UPlilfl1"1 

n1",U'llil"L~uivu Glycogen synthetase u~:: 
. 

Glycogen phosphorylase (3) PiD 

n11a.;1"ltJ1Mu (4), ~nn1.,a.;1"1'lluu (s) LLa::~nlfl.,"a;1"l"'va::LDtJ9l'llil"Pi'u(s) 

Na'llil"fl1.,tllllail" L Ha1ff l1fa1"1fft11 lM L fiA hl'I L U,H."l1UA1"11UlilrlU ua:: lttfl11 'lu 

'lJU,fl~,"OUA4tl "j ::v:: L 'l~TtlD\lfl1., L iJu L U1H41ufiuvin~,"tlUililfl 1 tJ ~"ti1 l" L ~u Nail9lLLV"riu 

'luu,"~'u L'liu n1·HtJ~vu1LtJa"l"'.,"r1.;1"'lln"A'u u1".,,v"1una,T),fJ Rough endoplas­

mic reticulum 1tJ~tJULLt1a"ltJ ua::f1 Smooth endoplasmic reticulum L~11;fu 

Rough endoplasmic reticulum 

ti"n,.., L tJ~vuutJa"tJD\l Mitochondria ( g) luA'1un1"1tlfiaD"tl1"il' LflfinfJr~affilliluv"nu 

111n111v L 'liu n1., L tJ~vuutJa"tlil" Glycogen luPi'u n,·H u§uuutJa"'llD" Lipid meta-

bol isrn (s) LdD"~,n£1~LfluD-l1D1~un,.,Lriu-;inv"nu.,::H-l1".,::~u Glycogen ll'l"1" -

r1-i1"t1D" L 11a~11a ::Hu,fl'llil" ''il~~Plu ( 1 o) ~"du~"' iJuffu1au hri~ ::~mn-11 3 ii"diln11 

1 tJ~uuutJa"ilU1\l h 

r11., L l'lilfll-dlun1"1t1Piail"Pl.f"d fJ 4 Pl-;i liii'un Al loxan if" Lilur11<Jti"ln 

Mesoxalylurea i1AttlAVPl.,"~il 6-Cell 'llD"AUDilU ua::n1lH' 6-Cell Pl1tJ H.;il 

"~1'101'Jt11\l1U aPl-itlflilil" 'n~Hfft1';J ::11,ri lnsul in 1.-iu dlt!uttau ( 11 • 12) A'lffflD" fiil 

6-Aminonicotinarnide i1~rua11u~1iJu Antimetabolite 'llil\l 111.,fl.;1" NADP i1Na 

ltJH~A6"n1.,"~" Insulin ~,n 6-Cell(13) fi~DL~tJ fiili1Rtt~D"1::uuGu'llD\l~1"n1v 

A'ltJ ,,;utJ<J::f11tlua::n~,111dil (14) a1.,Pf4ff 3 fiil N-Methylacetarnide LiJU'llil" 

1Ha-;iffi1~rur111uPin11H'aPi-ltiAail"Lnl'lfln,,::1uauD\lPlilUAil Insulin il~ttu-11 Metabo ­

lite 'llil"uui1Attua::vQluaP1~t1lilaD"lA'u1u (1s) a1.,Pi'-;iffft ~il Streptozotocin 

Lilu Broad spectrum antibiotic anP1~1n.,1 Streptornyces achrornogenase(1) 
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n,1U'3IU~li11,dflAulAULwtil~L~l~~'3~D 6-Cell tlD'3AtJDDU (16) u~~illUl,~tl;l; 

Ln111aft11~t11A Insulin 1~uLuuutiiULHfinu Alloxan u~1111un1,nnnqti~ffuAn~1'3nu 

i11,du~~uu'l~inu1U~L~'3tlD'3 e-Cell tlD\lAUDDU HA'3l;u1~'3dA1d aA~t1AflD'3~~on1n1, 

Hyperglycemia, Glucosuria, Polydipsia, Hyperlipernia u~~ Ketonuria (17) 

;i" l t'1un1nT1 L 'liu L llu:JnUl'IUfl L t'1u L U1H11U n1n1,ffulilf1'3DDnU1A'3n~11 LL a ~Nan1,m1~u'3fl1U 

~u1 U'3£11i°aif AUU'3nUD~ lJi'3U1~ ~ L nP1~1nafl1tltlD'3n1,t1AfliNfluAn~1'3nU 

n1,tllllaD'31'1{'3d~"~~P1nttlLU~UULffUUNatlD'3n1,t1;l;LnflLU1H11U1UaA~t1AaD'3 

1111u'l~a1,Lflfl~0111Pi-1"1nu 4 ~1 1111u'l~,~U~L1a1Ru (Acute effect) ~nlfl,"a;," 

1Aua~Li5UllltlD'3L'lfa~~" ,~iifu Glycogen luAu Lrn~t1Ailnuafl1tit1D'3Pi'u~1u LffnP1mnH1 

R11u~uffufiffn1~Lt'1ulul~t1n'3n1,Lu~uuuua'3ff Ln111tu 1111ufl~uAnun1,P1nu1A'3d 

1) P1nu1Nan1,Lu~uuuua'3in1ffil~l111ua~Lfiu111t1n'3L'lfa~Au HA'3~1naA~tllilaD'3 

unn;l"Li1u1,f!LU1H11U 1AUL5UUti~U ~1nn1,1~~Ua1,Lflfi~UA~1'31 

2) iA,~AUtlD\3 naU1flL~U ffa~aULUAU LffD~NfltlD'31,flLU1H11UAD Carbo­

hydrate metabolism ua~fl11uiuffu6fln1~Ltlulul~nun1,Lu~uuuua"t1D'3~1uu,~nnu 

t1D'3L'lfa~~1ufli1Hu1fin;a1ua1,~u 

3) ti111anuafl1ttt1D'3~u 1Aui111,~~Ut1D'3L~uiuu Serum glutamic pyruvic 

transaminase (SGPT) ua~ Serum glutamic oxaloacetic transaminase 

(SGOT) LffD~nu1~'31'111UL~UH1UtlD'3L'lfa~~" ~1Ln1114uH~D1" ~1nn1,l~a1,Lflfl~1'31 

l~HtAPi'1~ (Male Fischer rats) n1~ 60-75. iu U';.,1rnu,~u1f1J 160-

200 niu 1AUL"HtA~'3HUADAD1H1,AaDA~U U,~UIW 16 i11U'3 flDUff~~u;U1tl;n1,t1AflD'3 

fl11 ~ L t'Ju L u1H11ut1D'3HtA '11iAu~u1wU';~na 'lu L iin111 lfi' Lnun~1 200 un. Y. uaA'3~1HtA Liiu 

LtJ1H11u u;u1P1nu1Lu~uuLffuunuH~n111an'3un~n~u Control ~"l;nAn1H1,u1AaDAHU 

·L 'liu L ~u1nu ~,, L flfl~n; '" L Olil hfl L tJ1H11uffl'lf l~LLfl 

n. Alloxan 'l~ 120 un . /nn . t1D'3u;Hun~1 5111L1i'1'l~~1HU'3t1D'3H~u~nu'l; 

H~Lt'JULU1H11U 72 i11U'3 

tJ . 6- Aminonicotinamide 'l~ 35 un . /nn. t1D'3U;Hun«1 5111L;1.Jn'3nD'3 

UauUL"H~LtlULtJ1H11U 24 ~11U'3 

fl. N-Methylacetamide 

u~nul'1H~LtlU LU1H111J 24 i.1"" 
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NiltJihlU1ff11il1'i 11lt1 LU111'l1U.:o L1fAAKU 
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"· Streptozotocin t~ 55 un./nn. 11n"u;Hun~'n"'L;1~n";D" tl~nv 

'lHH~LiJULUIH,IU 24 ~'1"" 

L dm1"'JU L '~nff tl~() v 'l t.i11~n~uPi1 "1 L iJu L UIH"ULL~'~"~' l 1iUJnl.,AflflDUil ::u;Piu 

ll'lflmn ~"~n 1ud 

n'l.,Mmni;;-,vm~n'1~ilfl.,.,f'lun L ilfll'l"'JDU ut:i:: 1 igh t microscope fl; 1111vK111tfu 

u " "fl " 3 'l · . .J " ( Gl ld h d 1.ID\1l'lll1H 1JU'll'ILilntl.,::u'lru 1 uu. u Fixative flLVU 2,5y. utara e ye 

in Q.1 M Phosphate buffer pH 7.4) LiJUL'"' 1~ ~'1"" ~'"!ii''v 0.1 M Phos­

phate buffer pH 7.4 2 fl4'1 u~:: Post fix h 1 % Oso4 in 0.1 M Phos-

phate buffer pH 7.4 LiJUL'l~• 1 ~'1"" ~'"~'" Phosphate buffer 2 fl4" 

u~' Dehydrated A'vunt:innuna Infiltrated fl'lV Propylene oxide, Propy­

lene oxide fl"'uifu Plastic (Araldite) LLil:: Embed tu Plastic polyme­

rized fl 30'C 45'C Uil:: 60'C LiJUL,il'l 1,2 Ufl:: 2 iu l'l'lUfl;~lJ u; Polyme­

rized blocks U'lPi111tHl~ Sections lJ'l"1 ~'v Ultramicrotome MT- 2 ;,vn111 

LLn'l LnlJ Sections ~'v Copper grid 1JUlfl 200-300 Mesh uuuatl',v Uranyl 

acetate 

vi·rnu HU- 11-C 111 75 KV H.;n~;,i1n Light microscope lflVAfl Section 

HUI 1 1lll't.,DU VDllfi''lV Methylene blue 

n1.,H1tl=ju1ru n~vlflL;,JU 'l'li~fi1JD" Montagomery (10) 

n;.,J!il.,::iii'u Serum glutamic oxaloacetic transaminase (SGOT) LLfl:: 

Serum glutamic pyruvic transaminase (SGPT) ti~a~"1~nnu'lv1~1f'tv Reitman 

Uil:: Frankel (19) 

Plates 

1uff 1 • 2 

1ufll 3,4 

'luff 5,6 

~uff 7,8 

1 ~nti'ln'liLtldvuutlf1\)1Ji)\)L'lfflAAlJH~\);,J'lOlflillif'lifff1;t"LnflLlJ'lH'l'lU'l10A,:,", 

1Av Light microscope 

LLiffl\) L 'lfflA~lJ1Jil\)HUtlnfitun;i"11v1vA;LLil ::n;~\111v1v~" £fHVfl 1111iu (L) unvu1n 

u"'"'" L'lffl~~um4Hi";,i1nffltl'-i'u Al loxan U'lLL;, 12 'lfll. L~UHVfl 1miu (L) Li'iut1'u 
~u -'1 .. u 6 d # 1 Jt ILiffl\1 L'lfilfll'llJ1JD\111Ufl fliU -Aminonicotinami e LHUHVfl 1JUU (L LLfl::f'l"'Jtl) 

~'lOU'lVn.,::q'lVlflV~,lu 

uif"'" L'lft:i~KuHufllJ~iu N-Methylacetamide. 11u-11 Nucleus (N) fiflifnnusnn 

Lrn::rlHVfl 1mru (L) n.,::q1v~,, 1tlLUUI\) L'lft:iii' 

1ufll 9,10,11 ""'fl\1L'lffl~~uHuflllfi'iu Streptozotocin £f11vtil1.1uu (L Uil::ff.,«) ni::~1v 

U'lOU'lV~'AU Lrn::tnvtu L'Ifilii' 
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HiltlD"u1rin'l'hi l~fl IU1H'>1UAD 1111uiKu 

~i=A; 1~iH~inY uR= AN~ 

1 • n1.,~m:n lfl'1"~-i'1"'ll£1" L 11aiiA'u 1111vmi£1" Light Microscope 

L '11cia~ut1n"vn~tJnfi ( iufl 1) ~•nn;a\rnv1v~; L ~u L 'llciaPluPii;ift L -n2JL ilutJnPi !1 

mJli\ 1'llifUU[l(J11'lfl tu L 'lfaa 1l'ltlfl;a"tll.11V~" ( ttJff 2) L M°u L'llcia~uanttru::tJnPi UC!:; Llt'IU lu L'1u 

VIVA lt1U'trn~L au L'llcia«ut1£1'1Vl'!flll'iiu Alloxan CitJff 3 LLa:: 4) L'1u Hepatic cord 

~nlffil::tJnfi u~fl u1ull'ini;i R°£1ihrn111 lt1uu111nn-l1tJnPi ua::n'1::~1v Lilumin11 VIVli\ lt1uuih.1u1111 

A•"'l nu 

·~ ' n, :;~1v£1fltn1 tJflnu 
., •• ..J. I; " 
'll1\'1~:;~1J1L~llilfl4fl"flU 

'lu-itJR 7 ua:: a LL~A"L'lfaa9"u~1nvitJ.fllfl'iu N-Methylacetamide ilvivlil 

l'llUU'llU'lfl L ~nn,::~1vn~ti'• ltJ'lu L'lfciau·N~•U'lln"A·u uci:: Nuc leus PiV1~D£1U111n Lflt> Lfivu 

nu Cytoplasm Nuc 1 eus 'l.ltl"U'l" L 'lfaa L M°u L t'iutfn\'l-l1\'l'l.114'l.lilU'l.lil\'I L '11ClaU1\'I L 'lfilafJ, lUiffl 

L~u Lfl£1dfounu1tJfl s,10 ml:: 11 i1'1u\itA'1L'lfnaPi'u"l1nvi'!ffl~·fo Streptozotocin ~:: 

L~UV1t1Alt1uu'l.lu1111A1\'11111n111v n,::"l1v~•ltJ~\'l~U u~anttru:: Hepatic cord fl£1u.n1" 

tJn~ 

" 1 .. ... 1 .. '• Plates 2 n1,nntt1 fl,\'l~,.,"AU 111vnat1",ilfl"J,AUDLC1flfl"Jt1U 
"' ,~ ltl .. '• 11 ( ) 1tJt1 12 LL~A\'I L'llai1~1ut1t1\'IV1!4tJfll'1 fll.lflilD\'l,flfl"J"JAUD Lill'IPl"Jt>U u Glycogen granule GL 

n'1::~1vt1~\t, L'lflHl Mi:: Rough endoplasmic reticulum (RER) L1v\'lnu111n111v 

1tJA 13, 14.1 s LL~fl" L'lfaaKutin""''lfllfl'-ru Alloxan u~A"-l1 Glycogen (GL) afttJ=i111mN 

£Jvivfll'lluULR11111nfu LLil::n'1::~1vn~~•ltJ'luL'lfa~ Rough endoplasmic reticu­

lum (RER) t1v1vt1u1fl LLa::iJtJ~111ruafla\'I (A,fl;) Lau Polysome n'1:~1vLilu 

n~111 LR11fu (A,tl14L~n) iJ Smooth endoplasmic reticulum (RER) Lfi11 

fuPi'•v 

1tJ" 1s,17 u~fl\'IL'llciaA'utiil\'IVl~fllfl'-ru 6-Aminonicotinamide ~u-l1 Glycogen afltJ=i111ru 

il\'11l1n LLt'luliiu,tnciv £Jvivfllm1u (L) n,:"l1v~•ltJ'luL'lfaii (1tJL~n) Rough 

endoplasmic reticulum (RER) iJanttru: L i!uti£1uifu1 LLCI:; lii L l!u.,:; L flvu u1"m.;" 

il'l.IU1fl 1Li1::1tJ~1\'ltlV1V (Ai'll14'lV1~) uci::il"l;U,UUDVCl\'I Mitochondria (M) 

~nttru:LVliJt>utJn~ n ribosome 5~.,= (~"Jfl;) n"J:"l'lV~.ltJ uci:Lau Electron 

dense material t1~fi1vtu RER (~,'ll14L~n) 
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'lT'Hl,.., 1 nilt1'h1u, 

n.f'l.-n.u. 2s2s £Jrl 5 L~url 3 130 
Hilt1il-iu,rl11'l ,,; 1ii111u,wnu.io 11111.i'Ru 

~..,zA, 111..,~;in; URZ f'INZ 

Rough endoplasmic reticulum LtlU Cisternae i1 Smooth endoplasmic 

reticulum 

1H'Ll\1JLatJ ~'lUL'lfAri'llD'\3PlUff11'1o.i'lmniffl;,u Alloxan ("l,tJff 1::1,14 ua:: 1s) 

Glycogen fltJ~111ruaf1a'\3 Rough endoplasmic reticulum ffi1~n~ru::LtlU 

. 
t1lJ"ll 

Cister-

Smooth endoplasmic reticulum 

LiluvivD111 tuL'lfari ua::ii'ntiuPililnunu 

Lff111fu (fl"j'lJ'l'l1VI~) 

Mitochondria i1 

i1viufl1'lluU'llUllil1VI~ n"j::o,i1u 

ribosome tia"j:: n"j::OJ'ltJ 

iufi 1 s LL«:: 17 LLalil'l311'111'llD'\3 L'lfmi~mnnmit11fi'iu 6-Aminonicotinamide 

t'ltl~I Glycogen vi1ultJV1111i1 fl ribosome ila"j:: n"j::o.i1utt.1tJ1u Cytoplasm ~" 

LLillil'13LU~tJ~ 18 (fl"Hl'i) flVIVfl1WJU'lJUlfl1Vl~1Jln1lltJ1u L'lfilri Ui'l::UnDQPifl']rllJ Mitochon-

dria (~tJL~n) Rough endoplasmic reticulum 

Ul'\3LLli"r1un1"j'lJtJ1m.1u-,i;iu1" (fl"j'lll'l) ua::aliltJ.lj111rui1'\3 1uitJff 17 fl Electron dense 

material DQ1nu1u Endoplasmic r eticulum fi,u (f1.,1n• L~n) 

:,tJfl 18 LLil:: 19 L t'Ju L'lfa~'llD'l3Pi'ufllfi'o.i1nV11J,ti'llli'iu ~ -Methylacetamide 

an~::ih ltJ ILilfl'13il'l31'1"l'11lJililtJnPi'llD'\3 L'lfilri l~un Mitochondria tJ"l1J iLa::l1'llUllil1Vl~ifu 

u1n Rough ua:: Smooth endoplasmic reticulum 'lJUIU'llUlfl CitJL~n1u1tJff 18) 

LL a ::tJ1'\3~"lU fl~nmu:: LiiutiDufiu LL«:: lii L ilu"j:: Lfluu Glycogen afltJ.lj11-,rua'l31nn Ri bo­

some il<f"j:: n'1::o.i1tJDQ~•1ltJ 'luL'lfari 

, 1 .. , Plates 3 fll"j~flUIL'lfaa~u flVnAD'\3~an'1'1flUnLill'lfl"JuU 

4tJri 18,19 LLilfl'13L'lfil~~tJ'llil'l3Vl~~l~,u N-Methylacetamide fllJ~'l Glycogen (GL)ilflA'\3 

nviufll'llii'u (L) n'1::o.i1u#,lutu~'lfaa Rough endoplasmic reticulum (RER) 

n'll1rlfl 1 fl~U ( 4tJ L ~n) Vliu L ii1nlilU8u 1 tJ'l'l3LLH'\3~ L 1U\1Pl"l1U L iiu"J:: L £!vu (fl"Jfl'l) 

Mitochondria (M) ntiu'"lfl tvi~1nnLLil ::nilmtt11::tJ"l1.I 

1uri 20,21 u~fl'1L'lfilaKuvi~~l~~u Streptozotocin L~u Glycogen (GL) ilfltJ~~'"lruA\1 

LL~"""'" L~ul~u1'1tUU'"l\1 L'lfA~ VIVfllmru (L) rJ111n ua::n"J::OJIUil~~"lltJ Rough 

endoplasmic reticulum (RER) 'llV'"lUtJUlfl1l'"lfl uA::L1u'1K"l1uLiiu"J::L£1uu 

(fl.,tJl"l) Smooth endoplasmic reticulum (SER) rJ1nn~u LLA::f1t1u1flt'1~ 

Gol (Golgi complex), BC (Bile canaliculi) 
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·n111,., 1mY11'h11n , , 1 , r " 
. flri 5 1~ud 3 n 111 . -n.u . 2s2s 1 ' qi. 

1132 
111111o"u-irl11'-i l1'i iii" 1u-i11-i nu~o 11111il~u 
~ ' 

1tJ~::ili ~ IJ111f;intt llll:: ftN:: 

"lllfl 20 u"':: 21 ufllll'1fllt1 L 'lf"'~lli'tJ'11nt-11!ffliil'iu Strep to zotocin tw11 

M~\1'.llfll~~lJfll~dltJ 24 , ~U. Glycogen "'"'"~"'ru"" U~U\1fl'1fll"L~uJ1'11UUl\1L~a~ 

MtlA l11ifu11u1fl1M~ n~::o;i1ue~«"l ltJ u"::fl Li-'fulfl"if~fi'D Rough uri:: Smooth endoplas-

mic reticulUm lu Ltlu Cisternaeifno;i:: Lt1u Partially flattened cisternae 

M~D Distended vesicle uri::u11u1111lt-1~111n (fl~1l•"l) Mitochondria fl~nltfll::tln~ 

fll.,1'1fl 1 rrnn,"i ::'1U1JD\1fll"i L flflfl'1'"1 'l" L fl A hfl L lJlt-l"llU~ Dtl.ll!llMID\1fl~tJ 1 fl L OJU lu~tJ 

Treatment 

Control 

Alloxan 

6-Aminonicotinamide 

N-Methylacetamide 

Streptozotocin 

* 

Hepatic Glycogen 

(mg %) 

2.17± o·.11 
* 1 . 09± 0.12 
* 1.36± 0 .14 
* 0 .69± 0 .11 
* 0 . 74± 0 .13 

p < 0 . 05 (from control ; Newman '-Keul's test) 

Pretreatment Time after SGPT 
Dosing (Sigma Frankel Uni t) 
(hr) 

Contrbl 24 19.07± 1.16 38 .87± 

72 19.63± 1. 27 37.92± 

Alloxan 24 19.50± 1.62 42 .00± 

72 23 .64± 2 .87 48.43± 

6-Aminonicotinamide 24 23.00± 2 ,88 48.67± 
* N-Methylacetamide 24 48 . 00± 5 . 99 107 . 50± 

Streptozotocin 24 18.00± 1.95 45 .17;!: 

* p< 0.05 (from control Newman-Keuls' test) 

2.19 

2 .90 

5.84 

2.89 

6.52 
* 11.64 

6.63 
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a. n-1'1flnttn;'llilu-lfltl:iiwuu Glyeogen 1u~u 1 uil~ffl"nlflcH>tJff1l'1'11li>\1~U 1 ' 1111Li1 1 11111 t 1 1lT1 

I I I I I ' I J ) ,, ' I "Cll 
Li1 n-lfltlli11'1M1il\1 G 1 ycogen 1,,u'Si511n\1 Montogomery ( 18) '1u1.,11.;11.,cu 

I 11/ I I( I I 11 I I I ) • (I> I , II I GI 

Glycogen 1u~tJ'1'lnt111Ad L ~u L m1 wnu-.i'lnff'1"1 L fl!Jt)nA'•cHHl\1i>V'l\1fJuua;~'ll L ~t.1nTiauua1~u 
, , , , ,1rJ11 !',, , , . " 1 "' 1 , 1 , , 1111 ,., 1 , JI 11 J 1111li 

~D~il~'ln1l'ltt~'11~-.i.,nn~n\1~anii~~DLilflP!inu1.,n'l'1a::a11naulf1L-.iulu L ~il~1lil\1~Ualila\111'ln 
Ir I I I I 1 ft ~ 

'lu Diabetic state ( Pl'li'l'1fl 1 ) ua:: Li1n~mn Nan'1 ::nu11n\1n'l'1fl; tt-i' difl hfl L tJ'lVl'l'lU 

'l t.1if Pi-iflflili>\1~ilAtJ r l Atl fllilanua1ntt1JiJ\1AtJ 
1
( Pl.,..,.,"~' 2) 11 u1'1 , ::fltJ1Jil\1 L ilUnull I SGPT 

"''o "' . , .,, ., . ~ .. 1,..1 , , , d. u , ., 1 1, , , · ..111 .. ., 1 •1, i , , • .. , , ( .. , ,1 ua:: Su T ~fl'li>~ U'1::1ilutlnfl ~in il~n Bor er line UVl!Afl fl'1U A loxan, 6 ~amr- 1 

. . L ... o,J f I s' I r , • .t , . ., I ., ' ' I , I I '" J nincotindlniue, ua:: treptozotocin ufl'1::flU'llil\1 SGPT u'a:: SGOT' uif{uiln\1 1 
"' 

l1!AA1 liiiu ' N-Me'thy 1 acetamide il"t1'uilV'l'1fJuba;~IY 111
' : ' u 

11 1 1 J ,,,,,, 1 ur,11 lit ;r~111 tilu·nl 

v I 

8-Granule 1l'lnn1., tl-=iu'lMJi>\1 Glycogen 'lu~u 
JI ., , I ...JJ! 1 , t • ' I G l' r t I ' l ' ''I ' 1 • ' -.i::11unun'lifliltJ~ui>\11li>\1L~aa ' Ail ucagon "a:: nsu in 

L gu'ituuflflviu-lfla~.,'1 vi.lJm1'ia.,'u 1 Glycogen ( ~ 1 ) 1 ~.,·rnflt.1.;inc\i 

L~W::'n'.,'., ' l 'ti~ uu u't1'a1\111 il" 

Gly co'g'e'n 1 tu~tla'"' 

Metabo-

f I 

I I U I 

,, ilh 

lism 'llil\1 [ Carbohydrate i· 1u1{ •1f'a1ai'Jv'1'1L\UUDU (6) Na-.J'lfl~'l '°i'-lfi t1~1i~culicrv1'fl'L '-!.i'u I I r II 

'l i!:( "' I I rd ' .1 Ef.4( I • ~ ~ I J' t • ,J l '-" j ' , .. l. ' "' r~ J!.' "' I ' I '" .I ' I I ' I rr1 ,, u~u ~\1aflil\1ilV~\1uuua'lRq auu~~uNan~"U-.i'lnnail~,anAUvLaflPl'1ilU n1,Ltlauuu~a\1'lli>\1 ~ 
' ., ., l I ~ ., .J iii' Nn I'• t ~ " ~ '-l ' ' • • r ' • ·- ' • , 1 l r 1 r1 '1::flunau flL-.JU' ~UfltJ'lJi)\1"~n ULU'll11'lt.1Uu~nntt'l U'1::flULDU~U1J~a'lUn~u tJ1\1n~1lflfl'l'l 

L nfl-.i'lnvtuvi~ df un·.,.,ri~\1'1U1m)\1 Gl yc'ogeh sy'n'tha tase · 111 'au '( 21
2) " t'.!'1'1'n~1l~Fl~'l • :Hi 

111 

t11tA'll'lli'll'l'l'11lff'lL~ .,·fl1u'n·~~'L 1fiuh'~u1rn 'L~ul-l1~J 1(2 3 ) ' \l~ 1 'Mille'I ' (a) l~u'Di-ln-\~~~~·v~'" ''Lr 

Glycogen ,,11.,~:: Liifl'l'lnfl'l"1 Lau 1tl1lil\1fl'l'1ffUil\1AiltJ1Ji)\3 Glycogen: syn thetase LL a:: 

Glycogen phosp)loi.·,ylase: PiEn'l'1fl''1::~t.11li>\1 I r Glucose , •mi-.i::fJ Glucose il~1l'ln1l'1U ,, J 

Ldil\1-.J'lnarn•::'ll f.\ fl I In:?4lin, i II I r I 011111 I I l fl[ Ir ',.I I I, I I 'f/I hill r IJlJI ~. 

II 'l'lflfl'l~flntt'l~fltiCU~1Jil\1L'lfaaA'u .f1~cl" \flli!~'l Glycogen" un-.i::ff::au'lu L'lfaR Uk j J 

u~L•cuflil 1 Smooth endoplasmio retd.culum i>~111n (10) ~"iJ~LftUill\t.1 ~1ri 1 Gly- (o<>) 

cog en 
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u,~Ri ,~,H~in~ "~~ l'IN~ 

L,;u 11u1un1iL119l1unaa11 ui'l~n,,n;ri1va1,Aun1~ (10,24) 1un,ruffa91~nfli'lil'1LiiuLu1-

•n1u 1n,riflr1'1t1il'1 Q. ycogen lu'1Jfn111a11tlu 611un1, \tJ~vuutJri\ltn" 1"',""-i'1'1..i'lJ°ntJ.:S111fU 

tJD\1 Smooth endoplasmic reticulum 

lv~lu Smooth endoplasmic reticulum 

au1~1un1,~nu1~nltJ 

..ivfllt1"uffttutJ~1nn111n111v~1nn1~Mnu1lflvl~ Light microsope uri: 

nail\l~i'ltli,f'IUD \i'lflfliilU iJ1.;' u'1u-)1u1~:trn1~ \tJ~fJUUtJi'l\ltlil\1 L11911Uilas:l11'llil\1 lt11JU ~un;1'1 

Lnflan11 :n1,a:a11lt1"u1uAu ..i~nLnfl Fatty infiltration ifuluL~rioiAu~1n..i~ri1; 

iu Alloxan, 6-Aminonicotinamide uri: Streptozotocin f"n;lHLnfln1,t11fl 

Insulin u~:ltiuafl\lttHAil"'•utJ~:nnui1u111n\1L~ria n1~Lfi11t1n'1lt1uun1~nfiu1vlflvl~ 

rrntn,nVt rin'1n1 "ft' L flilffttu-)1 1 ua91~'1flriil "ff L iiu L u1..i•1u~ :trl 'IJumJ. "ifu'~" 1 u L iinfluri: 1u 

L~rioi~u (5) 1u11ru:L~u1nuf11111a1111inlunT1..i~\ll'IJuu~1nAu1u1tJ Very low densi­

ty Lipid-Trig lyceride n~tJLtJ~VULLtJi'l\1UilV111n (5,25) ~"n;lHLfi~s:in11:d'iful~ 

"''u L ~ri~~u'IJn\1..iY,ffli;i~u N-Methy 1 acetamide iJanttru:t1n" L ~riau1""''u~nn;ri1v LLi'I: 

Mitochondria u•11111n LiiultJl;-)1'1Ju•un1~L119l1unaa11..iri1u1nu1"l~~~ \~ultJl1i1ulu' 

r·rn~1mnti QI fJ'i il\lnaE" ~ rinii ftu5 \ i'11'191iEUDf)i) VI ""d '1tfo1;;iaut.lm~u il GUI Vf)I, 

LR11'lln'1lt11Yulfi' fin nT"Ji'lfltlil\1 Rough endoplasmic reticulum uri:nTHR11t1D\1 

ribosome fla~: rrnaufffluu :-)lf)T'Ja\1 L fl~I :.,ltJ~"U 'lu L~i'laUl;;J :i'lfli'l\lfl"lfJ 'if'11il~\lntJNi'I 

nTn1u\11Ut1D\1 Pain 11ri : Garlic (26) 1\ri:iin..iri1un~11 (4,27) LLri:rrnaud'~: 

Lipoprotein 

fl1fll~-)1Nri;;i1nn1~rifln1,a.;1"ltJ,P'lun1~ilNriAnn1in;"1unu1"i1u'luL~ria ~"Ail'1il1~vltJ,­

P'luiini;i', u ( 26) "'"" LLfln~• '1tlil'1anuru~uri :~;u1ut1D" 111uu 'l u L ~afi'Pi'ufftm 'l un1,ni;irin"ff 

u1~:ifunufl•1111uu," uri:,:u:L•ri111n"n1,Lnfll,fl Lu1..i•1u Ldn";;i1nv11\~ri:A1 ( 1) 

an1:1ru:i'inilVl'1..id'1fftm'lu L ~i'lcltlil\l~Ufflfi'-ru Alloxan LLi'I: Streptozo-

toc in fiE~d:J Smooth endoplasmic reticulum 111n1lu Liiutfn,1un1rn~ua•-)1 

~"ltJtJ, :nEUJ.lil\1 L1lri;d'iJtnJ1ff..iri1fJEVI" L'Iiu LfifJ"lOUnT'rn;r11ua1,fht Lipid metabo­

lism uri: Biotransformation 'll1Na1"j~"ff..,'1"n1ua.;'1"i1'uua: l~-ru~1nn1rnrnn 

(20) ~\ldUnl"jLA11ifU'llE\1 Smooth endoplasmic reticulum u1;;i:fiNi'ln"j:t1UnUt1UIU 

n1~iif M~11u1" lii111nr'i1fov if" Liiuflu1au 1 ;;iff;;i :i4nu1~n ltJ~"n1'1fi'1u \na11:Stiv1 11ri:ih Lflfi 
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Lflil LtJ.:juu Lflt1umin'l"nll'lrlt1\1R1i;i'ff nu·nt1\1'lu5u1 fl!r'limi'l'IUU\lnuu~U'l\1(9,2a) 

ff1tJ1fl'~'lUU<.i ::1"ff'l":irirh 1" L nfl LU'lWnu 1u":i ::u ::ilu.fu ( 6-Ami noni co ti namide, 

N-Methylacetamide ua:: Streptozotocin) LttU\124 '1111. fl'l":i LtJ~uuLLtJa\1 LnAilu 

d~u1fi'itl'l L<JUll'lfl~ Endoplasmic reticulum ua::<.i1U"lU11tililhuJ'u LLa:: G:lycogen LL~ 

fl'l":iLtill'lJD\1 Smooth endoplasmic reticulum 1ii11'lnLti'lffiJ":i'ltJ\1'1U1J'lnt1u (9) uu 

1un":il0tli1\1 Al loxan <.i::·rn&i\1 12 'lfll. flA'lll fl"l'lJJUPtfl~'l\ld'U'l<.i:: Lnlilfl"l'lll\ULL":i\l'lJD\1 

fl'l":i Lilu LU'l111'1U1uffi;i1tiflrlil\1 111J~\1'lJ1J'llil'lJu\1tJ'lffli lla::ll61tttJ'lDflfl"ltJ ( 1) 'lJU'lfltJ'ltf'!\1 

ll'lfl 1tJ<.i::nu1" Lnfilfl'l":i Liluihtmi," 1ii Lmn:: L<J'l::<.i\1 i1'1t1'1<.1i1i'it1a11r111'1 LtJ~uuutJa'1inu111::'lJt1\1 

ti't1~afll'l•1<.1::1A~uA•t1 

11i1t1ff1tJ n'l1t1ftat1\1LtJ.:juuLffuut111»ffPi1LiluLu'l11"l1u llilu1~a1":iLfli1~1\11nu 4 

ih RD Alloxan, 6-Aminonicotinamide, N-Methylacetamide1ma:: Streptozoto­

cin i1Na~1\11nu Pit11::~u Glycogen LLa::11'l":i\1a-i'1\1'lJt1\1~u ua::nuinutu::'lJD\1 L'lfa~ff 

LtJ~uuutJa\1111n11i\1<.11nn1":ilH N-Methylacetamic llilt1R<.11":i11J'l<.11n~1 SGPT ua:: 

SGOT r, L ti11~u fl'l1tllil flD\ld~uu ::~1ff11tf L 1111'1 ::ffllfl<J ::ti11" L fl fl hfl L U'l111'1U, ui{Pt,.tllilflil\1 
• d " l: .... 1 . ~ti Alloxan, ua:: Streptozotocin LW":i'l::Dilflqt16L":i"lLLa::Lun1::L<.11::<.1\1 tl\ltJ\1 11 

nuAttlfltJPl":i\lPiDL'lfa~~uiin~•tJ fl'l1tlfilr!D\1fffl"l":itl1~D1tJ~Dfl'l":i~nH'l~'lafl'l4::L":iflLU'l11"l'lUd' 

ff11111ri L tJ~uu 1"nilu L ilutJnPilfilu12f Insulin 1fi'11.;D 1ii ~\li;\'lu lfl":i\1ff-i'1'1ua ::n1":it11'11u 

'lJ il\1 L 'lfa~Pi'u ua ::il'l<Jf4mfl~Di1'1n a 1 nfl'l":ii1Dflf}t1ff1::~u111 L a11a'lJD\1fl'l":i L tJ~uu utJa\lfi"l u L flD<.i:: 

L ilutJ1:: 1 u'l1u1un1":iu111112itJ1::nDufl1111i~"1iuifu91utn "fi'1ullt1t1'1 fl1ff Piiif"lfl1t'I LL a:: 1u nT~ 

u11111~tu~J.u11flLU'l11"l'lUDfl~"ltJ 

ut1n<.i1nd n1":ir4nu1du'1t111Ht1":i1u~1a11Lfli1~" 4 'lfUfl ~1111":irit11lttLfifll,fl · 

LU'l111'1U ff Au lsjtti LU1'1~ ::PiD~UED1~~\1fl L ti11<.inu L ti1du uPiu'1i1iht~il L 'lf~nitJD\l~UDflfi"ltJ 
if<.1~iiudu" luwnunu~~~,"j L flfl L vi~,d'iJtiu~E L 'lfa~'lfilflfiu 1nn11'1t1 lii a'l, L 11~1d't1'1<.i<.i ::fl NaPit1 

L'lfa~t1t1\1":i::uuauffuo 11~t1L'lfa~'llt1'11Afi,ut'll; ":i1ua::Liiuflt1D\1ti'E~a~\1n~11u\1;D\1fl'l":in1, 

f1nu1~D 1tJiln111n 
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