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Abstract-Pretreatment of mice with certain drugs caused changes in fivcr function 
subsequently measured by concentrations of sulfobrom~)phtllalein in plasma. Drugs 
such as phenobarbital, nikethamide, urethan, and p-phcnylisopropylhydrazine pro- 
duced significantly elevated concentration of sulfobromophthalcin in plasma soon after 
prctrcatment. Findings of greatest interest were the enhanced disappearance of sulfo- 
bronl(~phthalein from plasma with many of the above agents as well as with SKF 525A, 
N-methyl-3-pi~ridyl-N’N‘-diphcnylcarba~llate, and t[)lblJta~llide. C~~untercurrcIit 
analyses of acetone extracts of plasma indicated the enhanced disappearance of the 
parent compound, sulfobromophthalcin. Countercurrent analyses of liver extracts 
indicated a hepa!ic mechanism which appears to follow an adaptive type of response. 

ADMINISTRATION of a variety of drugs to animals leads to an accelerated nletabofism of 
certain drugs by enzymes in the lllicrosonlal fraction of the liver.]’ 3 The purpose of 

this study is to demonstrate that these drugs also increase the function of the liver in 
yet another way. To this end, the effect upon liver function in mice of phenobarbital, 
tolbutamide, SKF 525A, urethan, nikethamide, P-phenylisopropylhydrazine (PI H), 
N-methyl-3-piperidyl-N’Nl-diphenylcarbamate (MPDC), and 3-methylcholantbrene- 

(3MC) has been measured by sulfobronlophthalein (BSP) disappearance. Because the 
major part of the metabolism of BSP is carried out by enzymes in the soluble rather 
than the microsomal fraction,” changes in the disposition of BSP caused by these 
drugs suggest the occurrence of effects beyond that seen on the microsomal fraction. 
Since the removal of BSP from blood plasma is dependent not only on metabolism 
but on uptake and secretion by the liver, an attempt has been made to assess the 
col~tribution of these factors to the described effect. 

METHODS 

Male albino mice weighing I5 to 35 g were fasted overnight or at Last 2 hr before 
treatment with the drugs under study. The main drugs used were phenobarbital sodium 
(100 mg/kg body weight), tolbutalllide or tolbutamide sodium (1,000 mg,‘kg), and 
uL-ethionine (200 mg/kg). Other drugs used in more timited fashion are mentioned 
in Results. The drugs were administered orally in concentrations, 0.1 ml of solution 
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./IO g body ncight, and the fasting was continued to ths end ol‘thc espcriii~cnt. At the 

end of the specificcl interval after trcatmcnt \vith the drug (hercaftcr called the prc- 

treatment time), the BSP teat was done according to the method of Kutob and Plaa.’ 

This test involved intravenous administration of BSP sodium. 100 mg kg. followccl in 

I5 min by ancsthetiring the mouse rapidly with ether (for about I min) and obtaining 

a blood plasma sample on which the BSP determination was done. In earlier expcri- 

ments the cardiac puncture technique of Kutob and Plaa was LISC~ to obtain blood; 

in the later experiments another technique, satisfactory and more easily performed, 

was employed. The skin in the axillary region was incised and followed by a deep 

incision of the ~~~usclc mass to sever the large blood vessels to the foreleg. Blood 

collected rapidly in the pocket mado by the flap of skin and the axilla and was aspirated 

into a hcparinizcd tuberculin syringe. The blood was placed in test tubes containing 

041 ml of 2)',, sodium oualatc (in earlier cxperimcnts) or 0.01 ml of hcparin (in latcl 

experiments). For the BSP determination, the tubes were centrifuged and two IOO-1~1 

aliquots of plasma were transferred to small test tubes containing I ml of isotonic 

saline. To one tube, 045 ml of IO’;;, sodium hydroxide and to the other, 0.05 of IO”,, 

hydrochloric acid were added. The optical densities (absorbanccs) of these two sample\ 

were estimated at 580 M/L on a Coleman Jr. spectrophotometcr. The difference in optical 

densities between the two samples was directly proportional to the BSP conccntralion 

as described by Kutob and Plaa. and a difference of 1 unit of optical density equaled 

23.1 mg/lOO ml BSP sodium in plasma. For convenience this test was referred to as 

the “ I5-minute IJSP test”. In subsequent cxpcriments, blood samples were obtained 

not only at IS min, but also at 7 and 30 min after BSP administration. Thus the 

variables tested \vcre the drug, the pretreatment time, and the blood-sampling time. 

In order to charactcri,w the nature of the material being measured in the BSP test. 

countercurrent analyses were performed on plasma extracts. For this purpose, blood 

samples from 9 to IO mice of a group were pooled, and a 3-ml aliquot of the plasma 

was transferred to a gloss stoppered tube containing 9 ml of acetone. The tube was 

shaken thoroughly and ccntrifugcd. Several measured aliquots (to make a total of8 ml, 

which is equivalent to 2.25 ml of plasma) of the supernatant phase wcrc dried in a 

plastic weighing dish placed in the hood (several aliquots were necessary bccausc 01 

the limited size of the dish). The air-dried residue was taken up in the countercurrent 

solvent system. In other experiments, not only the plasma but the livers were taken for 

countercurrent analyses. A sample of I g IO mg (range) of liver was taken from 

each mouse immediately after blood sampling and homogenized in 3 ml of distilled 

water; then a 2-ml aliquot of homogenate was added to 6 ml of acctonc and the 

mixture shaken and centrifuged. Three-ml aliquots of each of the acetone extract 

hcrc pooled for the 9 to IO animals in each group. A l5-ml aliquot (corresponding to 

I.%:‘16 g of liver, assumed that I g of liver is I ml) of the pooled catract ~1s air dried, 

and the residue was taken LIP in the countercurrent system. 

The countercurrent solvent system consisted of IO ml of each phase of a mixture of 

600 ml of ethyl ether, 200 ml of~butanol. 800 ml of I N HCI. The bottom layer was 

moved manually and an &plate transfer performed. After the distribution procedure, 2 

ml of IO N NaOH was added to the tubes. and the tubes were shaken and the phases 

allowed to separate. The bottom phase of each tube was read at 580 rnp on the Cole- 

man Jr. spectrophotometer, and 0.10 0.0. corresponded to I [kg BSP sodium:mt of 

linal lower phase. The total recovery for the procedure was checked by adding known 
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quantities of BSP to liver homogenates, preparing the acetone extracts, and running 

the countercurrent procedure. The recoveries ranged from 95 to 101 per cent when 
compared to the procedure using BSP in water in place of the homogenate. 

RESULTS 

The effect of pretreatment with phenobarbital on the plasma concentration of BSP 
was diphasic (Fig. I). For the 6-hr pretreatment time the plasma RSP concentration 

FIG. 1. The effect of phenobarbital sodium (100 mg/kg, p.0.) on plasma concentrations of BSP 
sodium (100 mg/kg, i.v.). Upper panel: control, C. was given no pretreatment: other groups were 
pretreated p.o. with water at the indicated times before the 15-minute BSP test was done. Lower 
panel: C as above; others were given phenobarbital; ( ) _ number of animals: vertical lines - 

standard error. 

was increased, and for the 1% and 24-hr pretreatment times the concentration was 
decreased, compared to control values. Control values were unaffected by admin- 
istering water (solvent for Ihe drug solution) to the mice at the specified times, com- 
pared to an untreated control group. The retention of BSP found at 6 hr was not 
particularly surprising in that previous work with another barbiturate had given 
similar results. However, the decreased concentration of BSP at 18 and 24 hr was a 
new finding, which was taken to indicate an increase in function of the liver because 

the liver is the major organ involved in the removal and disposition of BSP. 
Tolbutamide (Fig. 2) also caused significant lowering of BSP concentration. The 

values at 18, 24, and 48 hr were significantly different from the control; but at 6 hr, 
tolbutamide did not produce an increase as phenobarbital had. Thus the response to 
tolbutamide was not diphasic. 

The finding that these two drugs lower the BSP concentration in plasma suggested 
the occurrence of an adaptive type of phenomenon in that both phenobarbital” 8 and 
tolbutamide? produce adaptive increases in activity of enzymes in the microsomal 



fraction of the liver after a latent period similar to that cecn in the present experiments. 

Therefore, antagonism studies were performed with cthionine along the lines of ;I 

previous study.s Ii1 Table I. 24hr pretreatment with phenobarbital or tolbutnmide 

ga\‘e 1 he expcctctl lowerin, (7 of IPGI’ corlcuntration, whereas cthioninc given \vith either 

~,ne <)I- these ;tycnls at 24 hr blocl\ccl the eKcc.t. The hlockitlg cllkct w;l\ obtainecl with 

ii 

,‘I:/ p,,l;/;,\,\l:,): 

C 6 12 18 24 48 
TIME IN HOURS 

TAI~IJ I. EFIWT 01: IW:TRI‘ATMI:N’I wil-II I‘TIIIONINI:, I’lli-NOIIARIIITAL, AYD NIL- 

I~LIT,IMII)I‘ ON I~.ASZIA l3SP CON(‘I ~1 I<A-I‘ION (I S-MIN~J I I RSP 1731 ) 

DtIl!: 

(:ontrc~l 
Ethioninc 
Pbcnobarhital 
1’ltenohnrhi~;tl 

etltioninc 
Phenobarbital 
Phcnohurhi~~ll 

ethioninc 

Control 
Ethioninc 
Tolhutnmidc 
Tolbutamidc ! 

cthioninc 
Tolhtttamitle 
l‘~~lhtttnn~idr 

clliioninc 

I’retrcatmcnl 
time (hr) 

24 
24 

;: 
24 t 
24 I 

fi, 
24 J. 

No. r)f mice Plasmn RSP 
(tllg,1l00 IllI)* 

I I.3 5.1 
I I.1 5.3 
3.01 0.5 

IO.3 ; 3.7 

3.2f 1 0.3 

A.8 ! 2.g 

14.0 ! I.5 
13.7 i I.7 
5.x.1 1 I.4 

I I.9 I.2 

12.0 I.7 

II.1 1 I.2 

__- 
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a dose of ethionine which in itself had no effect on the BSP concentration. Thus these 

data suggest an adaptive type of effect caused by the pheIiobarbital and tolbutamidc. 

The results for the 4%hr pretreatment with phenobarbital were partially supportive. 
When phenobarbital was given 24 hr prior to the ethionine, the ethionine was less 
effective, apparently because the adaptive changes had already taken place when the 
ethionine was given so that it had less blocking effect.8 With the tolbutamide, the 
results at 48 hr were not particularly informative since the primary effect of tolbn- 
tamide, that of lowering the BSP colicentratioti, was not obtained in this experiment. 
Since it was felt that reproducible responses to 48-hr pretreatIllellt with both pheno- 
barbital and tolbutamide were not easily obtained, no further studies with 4X-hr prc- 
treatment were done. 

Because many drugs are known to produce adaptive changes in liver microsomal 
enzyme activity,’ a few selected drugs’ which were immediately available were tested 
for the diphasic effect on plasma ConceIitration of BSP. A number of drugs produced 
a diphasic effect (Table 2) and it is evident that no correlation existed between the 

TABLI: 2. EH’ECT OF DRUG PRETRLtTMENT ON BSP PLASMA C‘ON(‘ENTRATION (is- 

MINUTE BSP TEST) 

Drug* 

Control 
Phenobarbital 
M PDC 
Control 
Phen~~barbit~ll 
SKF 52% 
3 MC 
Control 
;,ik$hamide 

Urethan 
Phenobarbital 
Control 
Urcthan 
M PDC 
PIH 
Control 
SKF 525A 
Nikethamide 

DOSC No. oT Pretrcat- Plasma RSP 
(mw%) mice mcnt time (mg/lOO ml) 

(lir) 
- ._ ~..~_____ __ 

II 7.2 ‘- 0.8 
100 9 ;: 30t ;- 0.5 
1.50 3.47 j 0.8 1: 

9.8 -L- I.0 
100 5 24 5,ot / 0.7 
100 9 :: 4.4t 8. 0.7 
45 II 6.8 .:- 1.5 

8 7.3 -A. I.0 
200 50 ;: 24 24 5.4 

3.3t 
-’ ‘- 1.5 1.1 

1,200 10 24 4.4f -1. 0.6 
100 4 24 3,l.t t 0.6 

9 8.4 -t 0.7 
1,200 7” 6 12.0t :- 0.9 

t50 9.3 j 04 
50 7 f 1o.o.f -I- 0.4 

x 7.3 ‘- 1.0 
100 9 I 8.0 ; 0.5 
200 8 1 17.3t !. 2.9 

* MPDC = N-methyl-3-p~peridyl-N’,N’-d~phenyIc~~rbamate HCI; SKF 525A - 
~~icthy~arnin~)ctl~yl diphcnylpropyfacctate HCI; 3MC -- 3-me~hylcl~olnntl~renc ad- 
ministered in oil; PIH = ~-plienylis~~pr(~pylhydra~inc HCI. 

‘j’ P<O,OS compared to control. 

initial degree of inhibition and the subsequent extent of enhancement of BSP dis- 

appearance from plasma. For instance, nikethamide pretreatment resulted in good 
inhibition but only small enhancement, whereas SKF 525A caused no itl?~ibitiol~ but 
good enhancement. 

Tn order to characterize the material measured in the BSP test, countercurrent 
analyses were performed on acetone extracts of the plasma and liver. In Fig. 3, counter- 
current distribution of a known sample of BSP mixed with a metabolite of BSP 



indicated that good separation of BSP and the metabolite was attainable with the 

ether-butanol-HCI solvent system. To prepare the metabolitc used here. the bile of 

anesthetized rats given BSP was collected (by cannulating the bile duct) and strcnkctl 

on to 3 paper chrom:ito~r~~m. After development. the m:l.ior- metabolic product. which 

presumably corrcspontlcd to the glulathionc coil,iugatc of MI’. Leas clulctl I‘rom the 

! 
I 
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STANDARD ,,. 
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i BSP 

i 
; METABOLITE om4 

012345678 

BLANK 

_..iL_-- LIVER 

~ PLASMA 
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012345678 

TUBE NUMBER 
FIG;. 3. Countcrcurrcnt distribution analysi\ of RSP and mctaholite (IelI) and liver and pla<~na 

acet~~ne extracts 01‘ untreated mice (right). Lower phase wn~ mobile phnw. 

paper and isolated in partially purified form. In the chromatograms other minor 

metabolites of BSP traveled in intermediate positions between BSP and this metabolitc. 

Since the solvent systems used in the chromatographic and countercurrent procedurcx 

were similar, this relationship could be carried over to the countercurrent system. On 

the right side of Fig. 3. countercurrent analyses of acetone extracts of control live1 

and plasma show the extent of blank interference. 

III Fig. 4, the results for plasma indicate that the m:~.?jor component present was 

BSP with littlc if any other component detectable. Also, the amount of BSP in the 

plasma from the control group was greater than that in the plasma from mice treated 

with phenobarbital or tolbutamidc. 

With the optical density:BSP concentration factor given in the section on ,4lc~//wcbv, 

totals in tubes 0 through 2 were calculated in terms of plasma concentration of BSP. 

For control, phenobarbital. and tolbutamide groups, the values were 6.6, 3.3. and 

3.6 mg/lOO ml respectively. It was therefore concluded that the differences demon- 

strated for plasma in the earlier experiments were indeed due to the BSP and not to 

metabolites. The results on the right side of the figure show that the livers contained 

appreciable levels of metabolite and large amounts of BSP at this time. The livers 01 

the control mice appear to contain more BSP and metabolite than those of pheno- 

barbital- or tolbutamide-pretreated groups. Calculation of the total amounts of BSP 

(tubes 0 through 2) for control, phenobarbital, and tolbutamide groups gave 427, 344. 

and 345 ILL BSPjg liver, respectively. These values were approximations in that I g 01‘ 
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liver was assumed to be 1 ml. It appeared that the more rapid removal of BSP from 

the plasma of mice treated with the drugs could be due to a more rapid hepatic turn- 
over; however, it was not clear whether the effect was caused by an increase in uptake, 
metabolism, secretion, or a combination of all these factors. To assess some of them, 

2.6 ’ 

2.4 

2.2 LIVER 

PLASMA 

0.8 

/ -c 0.6 
;.,-7 

\$-p 
0.4 

\.. 
. 0.2 

‘h.&.&?--i-A” 

012345678 

FIG. 4. Countercurrent distribution analyses of plasma and liver acetone extracts of control, C; 
phenobarbital sodium, P, 100 mg/kg, p.o.; and tolbutamide sodium, T, 1,OUO mg/kg, p.0.; in 24-hr 

pretreated mice 15 min after administration of BSP sodium (100 mg/kg, i.v.). 

i 
012345678 

TUBE NUMBER 

a temporal study was done in an earlier (7-min) and a later (30-min) time of analysis 
after administration of BSP. 

Again, differences were demonstrated at 7 min between the control and the pheno- 
barbital and tolbutamide groups with calculations of totals in the first 3 tubes giving 
values of 29, 16, and 14 mg/lOO ml BSP in plasma. In the liver, a somewhat different 
picture was seen at 7 min than was seen at 15 min (Fig. 5). Here the drug-treated 
groups appeared to have more BSP and metabolite than the control group, with 
approximate values of 527,532, and 469 pg BSP/g liver for phenobarbital, tolbutamide, 

and control groups respectively. The high values for the groups treated with drugs 
indicated enhanced uptake of BSP by the liver. Metabolism and secretion may also 

have been enhanced because the change in concentration of BSP in the liver from 7 to 
15 min was much steeper for the drug-treated than for the control group (from about 
530 to 345 vs. 469 to 427 pg/g respectively). However, the same steep change could 
have arisen solely from the enhanced uptake with rapid fall in plasma concentration 
of BSP. It was hoped that by 30 min all the changes would be magnified; however, 
Fig. 6 indicated that the differences were no longer present by this time. 

The possibility that the drugs had enhanced secretion of BSP and metabolite into 
the bile was further considered. Since it was not technically feasible to collect bile in 
these mice, segments of the gastrointestinal tract were homogenized, extracted with 
acetone, and analyzed. Comparison was made of such segments of the gastrointestinal 
tract as the stomach plus the small intestine, small intestine alone, and 6 inches of the 
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FIG. 5. Countercurrent distribution analyses of plasma and liver acetone extracts as in previous figure 

except 7 min after BSP administration. 

0.5 

0.4 
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012345678 012345678 

TUBE NUMBER 
FIG. 6. Countercurrent distribution analyses of plasma and liver acetone extracts as in previous two 

figures except 30 min after BSP administration. 

small intestine. The countercurrent analyses indicated no demonstrable differences 
between the groups for the 7-, 15, and 30-min periods. The tissue blanks were high, 
and inability to find differences meant either that secretion into bile was not particu- 
larly enhanced or that the technique was not sufficiently sensitive for detecting 
differences that might have existed. 

DISCUSSION 

Various drugs have been shown to enhance the disappearance of BSP from the 
plasma. This phase was preceded in some cases by an inhibitory phase; in other cases 
no initial inhibitory phase was seen. The phase of enhanced disappearance occurred 
about 24 hr after pretreatment with the agents and was detected by the significantly 
lower concentrations of BSP-like material (at 15 min) in the plasma from pretreated 
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mice. Since the method of Kutob and Plaa4 measured total BSP content (BSP plus 

metabolites), it was necessary to assess more specifically the nature of the material 
being measured. Countercurrent analyses performed in the solvent system described 
by Thomas and Plaag for their differential extraction procedure, demonstrated that 
the pretreatment had enhanced the disappearance of the parent compound, BSP. 
Analyses of the liver and plasma at 7, 15, and 30 min indicated that the effect was ob- 
tained through a hepatic mechanism. At 7 min the concentration of BSP and meta- 
bolite appeared to be higher in the livers of the drug-treated group; at 15 min the BSP 
content of livers of the control group appeared higher, and at 30 min no difference 
existed between the groups. These results suggest that an increase in liver function had 
been produced by the drug pretreatment. Since the procedures used in the present 

study to measure liver function did not sharply delineate factors of uptake, storage, 
biotransformation, and secretion, it was not clear how the enhanced disappearance of 
BSP was brought about, even though the one factor, uptake, was increased. Thus 
these data are of value primarily in establishing that an increased removal of BSP had 

been produced by a mechanism involving the liver. Other techniques will have to be 
utilized to study the hepatic mechanisms. 

The time course of the effect and the finding that ethionine blocked the effect 
suggest an adaptive type of response similar to that produced by these agents on the 
microsomal fraction of the liver. However, the results cannot be explained by the 
effect on the microsomal enzyme system because BSP is not metabolized in major 
part by the microsomal fraction.3 Although glucuronide conjugation may be demon- 
strated in vitro with liver microsomes,lO no such metabolic product of BSP has been 
identified in quantity in vivo. 

Many of these agents were shown to produce a diphasic effect on hexobarbital 
action corresponding to an initial inhibition and subsequent stimulation of hexo- 
barbital metabolism.2 The probability was high that an inhibitor of hexobarbital 
metabolism would also be a stimulator of the same system. These compounds in the 

present study that enhanced BSP removal stimulated hexobarbital metabolism (but 
not vice versa). However, the parallelism is poor when applied to the initial or inhibi- 
tory phases of the diphasic effect. For instance, SKF 525A and MPDC inhibit hexo- 
barbital metabolism2 but have no inhibitory effect on BSP clearance. Others such as 

nikethamide and PIH2 inhibit both. 
Hasselblatt and Hukuharall reported the interesting finding that administration of 

tolbutamide to rabbits that were being infused intravenously with BSP led to a decrease 
in the blood levels of BSP. The tolbutamide by virtue of decreasing the binding of 
BSP to plasma proteins was thought to augment the removal of BSP by the liver. 
This direct effect of tolbutamide was not observed in our study, since, with the I- 
and 6-hr pretreatment times when blood levels of tolbutamide should have been sub- 
stantially high, no effect was seen. Also, such a mechanism could not explain the 

enhanced disappearance of BSP seen later in our study, since 24 hr after the admini- 
stration of tolbutamide only a very small amount, if any, of tolbutamide would be 
present in the blood to affect binding of BSP to plasma proteins. Our results are there- 
fore, better explained by the adaptive type of change discussed earlier. 
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