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All eight samples of human liver cytosol were found to 

catalyze the enzymatic thiolvsis of azathioprine with glu- 

tathione (‘Table I). The inhibitory kinetic data obrnined in 

the presence of furosemide was examined using a Dixon 

plot analvsis. Fi.gure 1 is a representative example obtained 
with sample 3 and demonstrates that furosemide is a corn- 
oetitive inhibitor of the GSH-S-transferase mediated thio- 
iysis of azathioprine. The apparent I(, for the inhi~~~tton of 

this reaction by furosemid~ wa\ found to he O.lOmM. 
Furosemide was found to bc a competitive inhibitor \vith 

all eight liver samples. The apparent K, ~alucs for rhc 
different human liver\ are l&ted in ‘T;rhle 3. With the 
escepiion of aampic 7. the k, values are in the same or&t 
of nragnitudc (mean (I.23 mhl lor all eight samples). 

l‘his study shows that furosemtde, cornmonl~ used 

together with azathioprine after kidney transplantation. 

can inhihit competitively the conversion of azathioprine to 
h-mercaptopurine in human liver irr l?rro. If this interaction 

also takes place 111 \‘I~‘o. diminished immtin(~~uppr~s~i~,~ 
effect may occur since this biotranslormation is neccshaq 

for the aciivitv of the drug. From the present study it cannot 
be decided if: the interaction is climcaliy important since 
some extrahepatic metahollsm also occurs. C~)~l~~ntr~ltions 

of furos~rni~~ &cd m OUT study can. hobsevcr. hc found 
in patient plasma samples (0.15 mM) after hi!h doses. 
especially if kidney function is impaired [IO1 as alter trans- 

plantation. ‘Thus our re\uIts necessitate clinical study irt 
t$w to determine whether furosemidc inhibits the immu- 

nosupprebsive effect of ;irathtoprinc in thih setting. 

ACkr~oM,lp~lgc,r)l~~i/,\-This \vork wits \upportcd by the 

Swedish Medical Ke\carch Council and by Norrliska Sam- 

fund&s Stiftclse fiir Vctenrkaplig Forskninp utan Djur- 
f6rsdk. U.S. Public Health Service Grant GM/CA 21YX7 
and VA Medical Rc<earch Fund\. 
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Effect of insulin and oral antidiabetics on glucose appearance and disappearance 
in the blood of rabbits 

sulfonvlureas-and exopcno~~s insulin-which has been 

administered-ups,,, the kinetics of glucose. 

In earlier studies, only the effect of D X60 was investi- 
gated in this respect. The authors came to the eonctusion 
that D 860 inhibits glucose entry into the hfood rather than 

showing an effect on removal from the blood [14-2Of. 
However, in other studios a stimulation of peripheral glu- 

cose utilization is suggested 12 1, 22]. 
Besides two well known sulfonylureas. one helonging to 

the first (D X60)” and the other to the second (HB JlO)i 

generation, two new oral antidiabetics, namely HB 609 
(23]$ and HB 180 [24]$. have been investigated in regard 

to their influence upon glucose kinetics. 
Groups of 6-X domestic rabbits of mixed breed. each 

weighing between 2.5 and 3 kg. were used in the present 
investigations. Prior to the beginning of the study they 
were subjected to a 20 hr fasting, period. 

The experimental animals received 35 pCi!kg n-[U-C”]- 
glucose (Amersh,!m CFB 96: 230 mCi!mM) intr~iven~~usl~. 
Immedi~~tely after the injection of this tracer holus. the 
intraga$tral administration of oral antidiabetics or the suh- 
cutmwus injection of insulin in the dose indicated took 
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Fig. 1. Dose dependancy of insulin cm glucose hmctica 
(15-75 min) in fasting rabbits. R,,. glucose appearance 

(1%7Smin): R,). glucose disappearance ( 1%75min): 

R = mg glucose 

100 ml x hr 
: II = ni~rnh~r 01 animals 

place. The insulin preparations used were of porcine origin 

and. subsequent to a threefold crystallization. the! welt 
chromatographed on a molecular sieve. The insulin dose 

amounted to 16 [ll.J i.u.1. K (0.2 i.u.1, h Ill,li i.li.1 and J 

IO.1 i.u.1 pg/kg. Four dlf’lcrcnt compounds M’CI-c suhjccted 
to investigation in the following dohes: D X60: 50 and 500 

mgikg; HB 41Y: O.(IL and 0.2 mgikg: HB hY0: 50 mgikg; 
HB 180: 0.5 mg/kg. 

Blood samples (0. I ml) were withdrawn from auricular 
veins at periodic intervals and pipetted Into 0. I ml 01 a 
solution containing 0. l? heparin. Afterward< the sample\ 
were diluted immediately with digitonin;m~~lclnirnlrl (each 
O.Ol? ) and stored at + 1”. Suh\ecfuent determination 01 

glucose was performed hy using the hexokina<c method 
1251. Another blood \amplc was deproteinized with tri- 

chloroacctic acid [I. 71. After ncutratization. f’rce gtyccrol 
was converted to n-gl~cerophosphate by incubating the 

samples with glycerokinase (Boehringer. Mannhcin) and 

ATP (Hoehringcr. Mannheim). The determination 01 

radiochcmically pure ‘JC-gluco~e required it\ careful \cl~- 
aration from all radioactive metabalites. This task \\a\ 

accomplished by employing a mixed-bed ion-cwchangc 
resin, namely amherlitc MB 3 [2hl. which was purchased 

from Serva, Heidelberg. Measurements 01 the rc\in elualc\ 
confirmed th.rt there was no 10~5 in glucose content durln? 
mixed-hed resin procedure. Kadioacrivity wa\ determinctl 
by liquid scintillation counting. 

In order to ascertain <t complete climlnation (11 “C’-alum 
case metaholitc\. the <amplea wcrc examined I>\. thin-la\et 

chromatography and scanned prmr to and following puri- 
fication. In none of the cast’s could anv mctaholire ot ‘!(‘- 

glucose hc detected after purification. ?ahing blood glucose 

value\ on one hand and specific radioactivit\ on the other. 
the ratea of glucose appearance (R,,) and ;,f yluctr~ di\- 

appearance (R,I) were calculated 151 
When the blood sugar le\,cl\ arc changinp. 

and R,, = (B,, - H,) + K,,. whcrc Hi, 15 the initial glucose 
concentration. H, i\ the glucoac conccntralion at time /. 
and ii, and i, arc the initial and final specific activitlc‘\ 151. 

The equation applied [.i] V”i,h ha\cd up”’ ilc11111111\11<1tI0l1 

of a single tracer doac under non-~tcad?-\tatc‘ c0nclitic~nr 
(271. The linear tlmc-dcpcndcnt dcclinc ot spccilic radio- 

activity of gluco~c logarithmically plotted wa\ a\ccrlaincd 
in each experiment and constituted a prcrequiGte for the 

application of this equation. I‘he validity of the holu\ 

method in comparl\on to the inf’u\ion technlquc ~\a\ CIV- 

firmed [2X. 7Y)1. 

Fig. 2. Longterm effect ol HB 4lY (20 and 200 pg/kg p.o.) on glucose appearance (X,,) and ~luco~c 

disappearance (/?,I). and R,,R,, in the blood of fa\ting t&hit\. 
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Table I. Effect of oral antidiabetics on glucose kinetics in the blood of fasting rabbits’ 

Dose 

Number 
of 

animals 

IS-7Smin 7%1SOmin 

IL Rd R<, Rd 

Control - 

D860 SO mgikg 
p.0. 

500 mgikg 
p.0. 

HB 699 SO mgikg 
p.0. 

HB419 0.02 mgikg 
p.0. 

0.2 mgikg 
p.0. 

HB 180 0.5 m&/kg 
p.0. 

22 
.Yi 

16 
Si 

P,i 
12 

.\ 7 

P,i 
PZi 

14 

PI< 
PZ< 

P:: 

P:< 

J i 
Pi< 
P2< 

47.1 
5.3 

29.2 

3.5 
0.0’ 
25.‘) 
3 6 

0.01 
0.5 

31.9 
S.S 

0.05 
0.5 

29.-l 
4.2 
0. I 

0.05 
30.0 

3.7 
0.02 

0.S 

24.X 
2.7 

O.OOS 
0.2 

41.3 
2.Y 

43.4 
2.x 
0,s 

30.2 
3.4 
0, I 
0.2 

30.7 

4.1 
0.5 
0.5 

35.6 
3.2 
OS 
0.5 

51.7 
?.-I 

O.OS 
II.0 

51.1 
3.2 

0.05 
11.0.5 

34.3 
3.4 

24.2 
2.5 

0.0s 
22.6 
2.2 

0.05 
0.5 

2S.Y 

3.4 
0. I 
0.S 

22.c)t 
3.5 
0.S 
0.S 

25.7 

2.7 
0.05 

0.S 

7X.Y 
2.5 
0.2 
0.5 

31.0 
2 s 

34.4 
2.2 

0.05 
7X.0 
2.4 

0.1)07 
0. I 

37.9 
3.3 
0.5 
0.2 

35 it __ . 
?l.4 
0.5 
0.5 

39.6 
2.7 
0.5 
0.7 

3 x .6 
2.X 
0.5 
O..i 

* Rates of glucose appearance (R,,) and of glucose disappcarancc (li,,) in the blood sugar 
lowering phase (15-75min) and in a subsequent period (7%ISOmin). 

R = mg glucose 

100 ml X hr 

PI: t-test vs control. P:: /-test vs D X60 group (SO me/kg). ST: standard deviation. 
t Calculated from 75-135min. 

For the purpose of studying the recycling phenomenon, 
2.‘H-Glucose (Amersham TRK 361) was employed in sep- 
arate trials. Identical methods for sample preparing were 
applied, with the exception that a two fold lyophilization 
was necessary to eliminate all tritium water. 

The experiments were performed over a period of 150 
min and the results are expressed as rates of glucose 
appearance (R,) and glucose disappearance (R,)). Following 
the administration of insulin. after the initial hypoglycemic 
phase, the blood glucose levels start to rise again after 75 
min. After the administration of oral antidiahetics. the 
blood sugar remains at the low level. The rates were there- 
fore calculated for two separate intervals. namely the blood 
glucose lowering phase (1.5-7S min) and the counter rcgu- 
lation phase (75-150 min). 

Subcutaneous administration of 16, 8 or 6 fig/kg insulin 
induced a Rd stimulation in the first phase: however, with 
4 &kg this effect could not bc observed (Fig. 1). The 
second phase (7S-150min) was cha.-acterizcd by a slow rise 
of blood sugar levels deriving from both increase of R,, and 
decrease of R,, rates. The results of experiments a ith 

equipotent oral doses [19] of the four oral antidiabcttcs 
reflecting the blood glucose lowering action are shown in 
Table 1. 

Following the application of D 860 (SOmg.kt) or HB699 
(SOmgikg) within the first phase (Ii-7Smin). only a 

decrease of R, is observed. With the highly active com- 
oounds HB4lY (0.2mg/ke) or HB 1X0 (O.Smg/kg), ,rn ._ - L L 

additional stimulation of R,/ can be recognized. 
In the second phase (7S-ISOmin) of the experiment. all 

four oral preparations cau\cd a persistence of tlccreasccl 

glucose entry rates. For HB 4IY and IHB IXO, however. the 
rates of glucose removal had returned to normal m the 
second phase. 

A reduced dose of HBJIY (0.2mg’kg) does not influcncc 
R,i at all, which is in contrast to the larger dose of 0.2mg/kg 
HB4IY (Table 1). On the other hand. by raising the amount 
of D 860 to SO0 mgikg. an increase of R,/ becomes evident 
(Table 1). The long-term cxperimcnts lasting ov’er a period 
of 6 hr revealed that HB JlY is a typical example ol a two- 
phase action, Administration of 0.2 mg’kg of this antidi- 
abetic agent caused an incrcaac in glucose dr<appearance 
during phase I. But inhibition ol glucose appearance crruld 
be observed over the enttrc f1 hr period wrth IHB-llcJ (Fig. 7) 
as well as with DX60. 

In order to avoid our results being impaired b! partial 
recycling (311 of “C-glucose mctabolitcs. the csperiment\ 
were repeated by using 2-‘II-glucose 1.321. since in thi\ cast 
recycling is not possible. It could be detnon~trated that all 
the effects observed with L-‘J(‘-gluco\c are in agrccmcnt 
with the results obtained with 2-‘II-glucose. 

The findings of our stud& in whtch the rffccts 01 cu~,gen- 
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ous administered insulin were compared with thohc 01 the 
endogenous released hormone are in accordance with prc- 
viously published results [I . 2. s-9. IO. zq. A dcclinc of 

blood glucose levels following the administration of oral 
antidiahetics in standard doses is caused mainlq lq inhi- 

bition of liver glucose output. while blood $t~)>c &crease 

hy exogenous insulin (iipyikg) is due to inhtbltion of $uc~sc 
output as well as to stimui~lti~~n of glucose uptake. Thr 
experiments with vat-ions doses or ornl ~il~ti~ii~ll~ctics 

emphasize that smaller dose\ (0.02 rn,g/hg t-58 JlY or 
SO &gikg D 860) only cause an R,, inhibit&. u hilt iargcr 

doses (0.2 mrrikp HB 419 or 500 meikr D 860) acirlition;~llv 

‘I 

s 

6 

7, 

8. 
Y. 

10. 
II. 

12. 

1.7. 

I‘!. 

15. 

Ih. 

17. 

IX. 

19. 

20. 

21. 

72. 

I.>. 

24. 

R. C. de Bodtr. R. Steele. N. Altszulct. A. Dunn. I). 
T. Armstrong and J. S. Bishop. :Mc/~holism 8. 52(1 
(1959). 
D. F. Dunn. B. Friedmann. A. R. Mnaas. G. A. Rel- 

chard and S. Wcinhouse. J. hid Chw. 225, 725 
(lY57). 

G. A. R&chard, A. C;. Jacohh. I’. Kimhcl. N. J. Hoch- 

clla and S. Wcinhouse, t)ic~hcrt5 Y. 447 (1060). 
R. C. de Bodo. N. Altszulcr. A. Dunn. K. Steclc. I). 
T. Armstrong ;tnd J. S. Bishop. ,4nrt. ,V. 1.. Ar,rrtl. Sci. 
82.11 (1Y5Y). 

L. L. Madison. ,-I&S. I}]{. :Vetl. 123. 2X-i (IY)hY). 
S. Weinhouse. B. Fricdmann and C;. A Retchard. 
I1luhefrs 12. I (IWli). 
G. W&r. Ivmc4 J. md. SC?. 8. 375 ( 1977). 
J. Radziuk and M. Uranic. F~clrr. I’roc~ 36. 7% ( lY77). 

W. C. Stadic. Ph~siol. Rai,. 34. 52 (1954). 

25. H. Stork and F H. Schmidt. k’l~rl. I+‘\c,/lr 46. tlctt 14. 
7XY ( IYhH). 

16. I-I. I>. Si,linc, W. W~llms. J. Klcincbc and M Ciehlholf. 


