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Abstract--The inhibitory effects of N-(4-hydroxyphenyl)retinamide (HPR) and its glucuronide derivative 
on the growth of MCF-7 human breast cancer cells in vitro were compared. The results indicate that 
the glucuronide had slightly greater potency and much less cytotoxicity than the free retinoid. At a 
concentration of 10 -6 M, HPR inhibited MCF-7 cell growth by approximately 25%, whereas an equimolar 
concentration of the glucuronide caused a 40% growth inhibition. Higher concentrations of HPR were 
highly cytotoxic. At a 10 -5 M concentration of the ghicuronide, cell viability was 77%, and 65% of the 
cells were able to resume growth. On the other hand, at 10 -s M HPR, cell viability dropped to 49%, 
and only 15% of the cells were capable of resuming growth. The lower cytotoxicity and higher potency 
of the retinoid glucuronide compared to the parent retinamide suggest that the conjugate may have a 
chemotherapeutic advantage over the parent compound. The apparent higher efficacy of HPR in 
combination with glucarate (GT) compared to the single agents could be due to increased net formation 
of HPR glucuronide conjugate following conversion of GT to the fl-glucuronidase inhibitor, D-glucaro- 
1,4-1actone. However, HPLC analysis of the cell metabolites did not show any detectable levels of the 
retinoid glucuronide upon treatment of MCF-7 cells with HPR and GT. 

A number of studies have demonstrated that reti- 
noids, in particular N-(4-hydroxyphenyl)retinamide 
(HPR**), a synthetic retinoid with trophism for the 
mammary gland, are effective in the chemopre- 
vention of chemically induced mammary cancer in 
rodents [1-3]; high levels of 13-c/s-retinoic acid (13- 
c/s-RA) are also effective [4]. Retinoids reduce the 
proliferation of MCF-7 cells in vitro [5] and markedly 
inhibit the growth of chemically induced mammary 
tumors in rats [6]. Recently, HPR was shown to 
induce complete regression of small, chemically 
induced rat mammary tumors [7]. The sensitivity of 
the rat mammary gland model to the protective 
effects of retinoids and of the synthetic retinoid HPR 
plus the anti-estrogen tamoxifen has been reviewed 
recently [8]. 

Our recent studies established that low levels of 
dietary HPR, which alone are ineffective, interact 
synergistically with similarly low" ineffective levels 
of dietary glucarate (GT) to inhibit the induction 
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of rat mammary tumors [9] and the growth 
of pre-established 7,12-dimethylbenz[a]anthracene 
(DMBA)-induced rat mammary tumors [10]. Glu- 
carate has been shown previously by us to be an 
effective chemopreventive and antitumor agent 
against cancer induction in several rodent organs, 
including the mammary gland [9, 10]. 

The synergistic interaction between retinoids and 
glucarate was of interest since it permits each com- 
ponent to be utilized at levels as low as one-half of 
their effective concentration as single agents. The 
nature of the interaction between glucarate and HPR 
has not been determined, but the possible involve- 
ment of HPR-O-glucuronide (HPROG) [11] is evalu- 
ated. Glucarate may undergo slow equilibrium con- 
version to o-glucaro-l,4-1actone, an inhibitor of fl- 
glucuronidase, and the inhibition of fl-giucuronidase 
can, in turn, lead to increased net glueuronidation 
of HPR and other biologically active endogenous and 
exogenous compounds [12]. Retinoyl-fl-glucuronide, 
shown to be a natural vitamin A metabolite [13], is 
reported to have increased biological activity and 
less toxicity than the parent compound [14], to inhibit 
the growth of DMBA-induced mammary lesions in 
organ culture [15], and to induce the differentiation 
of leukemia cells in cell culture [16]. Recently, retin- 
oyl-fl-glucuronide was found to be taken up into a 
number of major organs after intraperitoneal injec- 
tion, where it persisted as a major component for 
24 hr [17]. 

In view of the synergism between glucarate and 
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retinoids and the growing evidence that retinoid 
glucuronides have biological activity, HPROG was 
synthesized and the activity of this analog was com- 
pared to that of the parent compound, HPR, in the 
MCF-7 cell culture system. The possibility that an 
observed synergism between HPR and glucarate 
against the MCF-7 ceils was due to conversion or 
enhanced conversion of HPR to HPROG was also 
assessed. 

MATERIALS AND METHODS 

Materials. HPR was obtained from Dr. Schally, 
Southern Research Institute, Birmingham, AL, and 
more recently from McNeil Pharmaceuticals, 
Springhouse, PA. H P R O G  was synthesized by one 
of us (R.W.C.) as described below. D-Glucurono- 
6,3-1actone, 4-nitrophenol and retinoic acid, as well 
as other reagents necessary for the synthesis of 
HPROG, were obtained from the Aldrich Chemical 
Co., Milwaukee, WI. 3-(4,5-Dimethylthiazol-2-yl)- 
2,5-diphenyl tetrazolium bromide (MTI') and pot- 
assium glucarate were purchased from the Sigma 
Chemical Co., St. Louis, MO. Reagents not specified 
were of the highest purity available. 

Synthesis of 4-hydroxyphenylretinamide-O-gluc- 
uronide. Methyl-(tri-O-acetyl-tr-D-glucopyranosyl 
bromide)uronate was prepared by methanolysis and 
acetylation of D-glucurono-6,3-1actone, followed by 
treatment of the tetraester with HBr/acetic acid by 
the procedure of Bollenback and coworkers [18]. 
The silver oxide catalyzed reaction of 4-nitrophenol 
with the protected uronate [19], followed by catalytic 
hydrogenation [20], afforded the known methyl-(4- 
aminophenyl 2,3,4-tri-O-acetyl-fl-D-glucopurano- 
side)uronate. Treatment of this aminophenoxy sugar 
with retinoyl chloride according to the procedure of 
Dawson and Hobbs [21] provided methyl-(4-ret- 
inamidophenyl 2,3,4-tri-O-acetyl-fl-D-glucopyrano- 
side)uronate in 73% yield after silica gel column 
chromatography (35% ethyl acetate/hexane). This 
tetraester-amide was saponified according to the 
above procedure [21]. 

Following this reaction, the methanol was 
removed leaving a gum suspended in an aqueous 
phase which was acidified (1 N HC1), and the 
resulting yellow emulsion was extracted with ethyl 
acetate. The ethyl acetate was dried over Na2SO4 
and concentrated to a semi-solid. The solid was 
crystallized from ethyl acetate to afford a 92% yield 
of the HPROG. This product showed physical and 
spectroscopic properties (1H- and 13C-NMR, MS and 
HPLC) consistent with the assigned structure as well 
as those previously reported [21] for the sodium salt 
of HPROG. 

Assay of [3-Glucuronidase. fl-Glucuronidase was 
assayed as previously described [12]. This assay is 
based on the hydrolysis of phenolphthalein glu- 
curonide at 56 ° and quantitation of phenolphthalein 
by spectrophotometry in alkaline medium. 

Culture of cells. The MCF-7 cells used in this study 
were obtained originally from the Michigan Cancer 
Foundation by the OSU Cell Culture Service. The 
cells were routinely grown as monolayers in T-25 
plastic tissue culture flasks (Falcon, Oxnard, CA) 
containing 5 .0mL of B-10 medium consisting of 

Minimum Essential Medium (MEM, Earle's Base) 
supplemented with MEM non-essential amino acids 
(1.0 mM), L-glutamine (2.0 mM), 10% fetal bovine 
serum (FBS), and antibiotics. Culture conditions 
included a humidified atmosphere of 5% CO2 at 37 °. 
One-half of the medium was replenished twice a 
week. Cells were harvested by trypsinization upon 
confluency. All variables were evaluated in triplicate. 

For the growth inhibition assay, the MCF-7 cells 
were plated in 24-well plates at a density of 1.5 x 104 
cells/cm 2. After 24 hr and again on day 4, the 
medium was replaced with treatment medium con- 
taining the specified retinoids at 10 -5 to 10 -8 M in 
absolute ethanol and added to the cell cultures so 
that the ethanol concentration did not exceed 0.1%. 
Control cultures were treated with an equivalent 
volume of ethanol. Glucarate was dissolved in phos- 
phate-buffered saline (PBS) to give stock solutions 
of 0.01 M. Subsequent dilutions were carried out in 
the medium. On day 7 the cells were harvested by 
trypsinization, and viability was assessed by trypan 
blue exclusion [5]. Total cell counts were obtained 
by hemocytometer as well as by the Coulter Counter. 
Growth inhibition (cell survival) was calculated for 
the various retinoid concentrations using the 
equation: % inhibition = 100 - R/C x 100 where R 
and C are the number of cells in retinoid-treated and 
control cultures, respectively. 

Cytotoxicity assays. For evaluation of cytotoxicity, 
cells were harvested and seeded in siliconized glass 
vials at 0.5 x 105 cells per vial (104 cells/mL). The 
medium used was B-10 medium containing 10% 
FBS, with or without drug. Each variable was set up 
in triplicate. Cell suspensions were preincubated for 
1 hr at 37 ° in the presence of 5% CO2, then sealed 
and placed in a shaking water bath at 37 °. At  T = 
24 hr the cell suspensions were incubated for I hr 
again at 37 ° and 5% CO2 for re-equilibration, then 
sealed tightly once more and returned to the shaking 
water bath. After 48 hr the cells were harvested by 
centrifugation, and cell counts and viabilities were 
determined by trypan blue exclusion. To assess the 
effect of each drug on subsequent plating efficiencies, 
approximately 104 cells were removed from each vial 
following treatment and seeded into wells of a 24- 
well plate and incubated at 37 ° and 5% CO2. The 
next day all non-adherent cells were collected from 
each well and counted. Plating efficiencies (P.E.) 
were calculated using the equation (Ncp- Cn,)/ 
Ncp X 100 = % P.E. in which Ncp is the total number 
of cells plated and Cna is the number of nonadherent 
cells removed from each well. 

For the 7-day experiments, cytotoxicity was evalu- 
ated using the tetrazolium salt assay described by 
Mosmann [22]. In this method, cells were incubated 
for 4 hr at 37 ° with tetrazolium salt, following the 
7-day incubation with drug exposure as described 
previously. Each variable was assessed in 4 wells. 
The metabolically active cells reduced the dye to 
purple formazan. Optical densities were measured 
using a test wavelength of 570 nm and a reference 
wavelength of 630 rim, and compared against a stand- 
ard curve of known numbers of viable MCF-7 cells. 
Experiments were performed a minimun of three 
times, and values are expressed as percent of control. 

HPLC analysis of cells. MCF-7 cells (approx. 106) 
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Table 1. Effects of GT, HPR and their combination on the growth of MCF-7 cells in culture 
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GT eoncn % Cell survival* at HPR concn (#M) 
(glVI) 0 0.01 0.1 1.0 

0 100.0 ± 5.0 99.2 ± 5.0 84.5 _ 4.0f 71.1 --- 3.51" 
0.01 100.0 - 10.0 96.5 - 3.5 75.0 - 1.0 ND:~ 
0,1 94.0 ± 10.0 85.6 ± 10.7 75.5 - 6.5 56.4 --- 3.2 
1.0 94.5 ± 6.5 76.4 ± 15.6 59.3 ± 0.5 53.7 --- 2.3 

10.0 87.8 ± 9.0 77.8 ± 15.3 55.5 - 1.0 60.0 ± 11.0 

* Each value has been corrected for approximately 7% 
(vehicle). 

1" P < 0.05 compared to HPR control without GT. 
~: Not done. 

inhibition by the 0.1% alcohol 

\ 
1 2 3 4 

Log Retin0id Conc. (nM} 

Fig. 1. Concentration-response curves for HPR (~ )  and 
HPROG (C)) against MCF-7 cell growth. MCF-7 cells (104) 
were treated with the indicated concentrations of retinoids 
in ethanol. Control cultures received an equivalent volume 
of ethanol. The final concentration of ethanol was 0.1%. 
The cells were harvested on day 7 and counted as described 
under Materials and Methods. Each value is the mean of 

five experiments -+SEM. 

were treated with 10 -7 M HPR with and without 
I 0 - 6 M G T  for 12hr, then separated from the 
medium, lyophilized, and extracted twice with 
1.0 mL of methanol [cf. Ref. 23]. The combined 
methanol extracts were concentrated under argon, 
and the residue was redissolved in 200 #L of meth- 
anol. For analysis, 100 t~L was injected into a Beck- 
man (model 332) HPLC equipped with a UV detec- 
tor (model 164) and a 250 mm x 4.6 mm Zorbax- 
ODS column (Dupont Instruments, Wilmington, 
DE). Elution was first with methanol: water 50: 50, 
0-10 rain; followed by a methanol:water gradient 
50:50 to 100:0, 10-30 min; and finally 100% meth- 
anol, 30-45 rain. The flow rate was 1.0 mL/min, and 
the ehiate was monitored at 350 nm. In a separate 
experiment, MCF-7 cells (approx. 5 x 106 cells) were 
treated as above for 24 hr with 10 -7 M HPROG. 
After centrifuging, the cells and medium were pro- 
cess, d separately as above and analyzed using the 
HPLC protocol described above. 

Statistical analysis. Two separate methods of stat- 
istical analysis, Student's t-test and the two-way 

analysis of variance (ANOVA), were performed to 
assess the main effect of the GT or HPR con- 
centration levels as well as their possible interaction 
together on growth inhibition of MCF-7 cells in vitro. 
Because we wished to assess a multiplicative inter- 
active effect, the logarithm of the response (cell 
survival) was taken as the dependent variable in the 
ANOVA analysis. To compare the effects of HPR 
and HRPOG concentration levels on cell viability 
and P.E., a randomized complete block design was 
used as the blocking level [24]. 

RESULTS 

Effects of G T, HPR, and HPR + GT on the growth 
of MCF-7 cells. Summarized in Table 1 are the 
individual and combined effects of GT, HPR, and 
HPR + GT on the growth of MCF-7 cells. Both GT 
and HPR were evaluated over a 1000-fold con- 
centration range. GT alone had only a slight effect, 
causing a 5% inhibition of cell growth at 1.0#M. 
HPR alone was moderately inhibitory, the inhibition 
being approximately 15% at 0.1 #M. This effect was 
statistically significant (P<0 .05) .  In contrast, 
1.0 gM GT and 0.1 #M HPR together inhibited cell 
growth by approximately 40%. Other combinations 
within this concentration range were equally effec- 
tive, indicating a synergistic interaction between 
HPR and GT similar to the one observed against 
primary rat mammary tumors in vivo [10]. Statistical 
analysis by Student's t-test showed that the inter- 
action involving GT at 10 -6 M and HPR at 10 -7 M 
was statistically significant (P < 0.05). However, 
using the two-way analysis of variance, taking into 
account the overall variability of the experiment, the 
results indicate only borderline significance at P = 
0.06. 

Concentration-response curves for HPR and 
HPROG. The glucuronide conjugate of HPR was 
synthesized according to published procedures. 
However, the final step of the synthesis was modified 
to give ca. 500 mg of the compound in high yield as 
its free acid, as opposed to the sodium salt form 
previously prepared [20]. The crystallized retinoid 
was not purified further, since spectroscopic and 
chromatographic results showed little or no con- 
tamination with the 13-c/s retinoid or c~-anomeric 
giucuronide. 
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q able 2. Viablilities and subsequent plating efficiencies of MCF-7 cells after 48-hr treatment with HPR 
and HPROG 

HPR HPROG 

Concn Growth Growth 
(/*M) % Viability* % P.E.* rate % Viability* % P.E.* rate 

0 100 100 1.9 100 100 1.9 
0.01 82.0 -+ 3.2 76.7 +- 3.5 3.7 83.8 -- 1.8 79.5 -+ 5.5 NDt 
0.1 80.0 -- 3.9 71.0 +- 1.5 2.3 84.2 -- 2.6 74.7 -- 2.3 ND 
1.0 72.6 -+ 6.6 63.3 -+ 3.2 2.8 78.4 -+ 3.2 71.3 -- 2.9 ND 

10.0 49.4 -- 4.9, 15.0 _+ 1.5, 3.3 77.2 _+ 4.2, 65.3 -+ 7.2, 6.6 

* Values of viability and plating efficiency (P.E.) are the means -+ SEM of five experiments done in 
triplicate. 

1" Not done. 
* P = 0.03 compared to the controls. 
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Fig. 2. Time course of inhibition of MCF-7 cell growth by (a) HPROG and (b) HPR at 0paM (~),  
0.01/~M (O), 0.1/~M (A), 1.0/~M (Q), and 10/*M (0). MCF-7 cells were plated in 24-well plates (2- 
3 x 10 -4 cells/well). At 1 day after seeding, the cells were treated with the indicated concentrations of 
retinoids in ethanol; the control cultures received an equivalent volume of ethanol. Cells were harvested 
on day 4 and day 7 as described under Material and Methods. Each point is the mean of triplicate 
determinations -+ SEM. The data represent one of five experiments that gave essentially the same result. 

Since one possible mechanism of action of GT is 
to enhance HPROG formation, the efficacies of HPR 
and HPROG were evaluated in the MCF-7 line. 
Shown in Fig. 1 are the concentration-response 
curves for the inhibition of the growth of MCF-7 
cells by HPR and HPROG following exposure for 7 
days. The results indicate that the growth inhibitory 
activity of the glucuronide is similar to, or slightly 
higher than, the parent compound, except at con- 
centrations between 1.0 and 10.0/~M where HPR was 
highly cytotoxic. These results were supported by 
the data in Table 2 listing cell viabilities and plating 
efficiencies of MCF-7 cells following treatment in 
suspension for 48 hr. A randomized complete block 
analysis was performed to compare the various con- 
centration levels of HPR and HPROG on the percent 
viability and P.E. values. At a concentration of 
10 -s M HPR or HPROG, there was a statistically 
significant difference (P = 0.03), while at 10 -6 M the 

results showed borderline statistical significance (P = 
0.07) and at 10-7M the difference was not stat- 
istically significant (P = 0.14). Although at 10/~M 
HPR, 50% of the ceils still appeared viable after this 
limited period of exposure, only 15 % were capable of 
resuming growth. In view of the low plating efficiency 
after treatment with higher concentrations of HPR, a 
measure was made of the growth rate of the surviving 
cells which resumed growth. This measurement was 
made 5 days after initial seeding of the cells and 48 hr 
after the initiation of the P.E. determination. As 
indicated in Table 2, the cells in the cultures which 
resumed growth grew at a rate 1.3 to 2.0-fold greater 
than the untreated cells. The growth rate of cells 
exposed to HPROG was even greater. The growth 
rate represents the ratio of the number of adherent 
cells at 2 days post-plating to the number of cells 
originally plated. 

The time-dependent inhibition of MCF-7 cell 
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Fig. 3. Viability of MCF-7 cells after treatment with HPR 
and HPROG. MCF-7 cells were cultured at the indicated 
concentrations of HPR (•) or HPROG (O) for 7 days as 
described in Fig. 1. On day 7, cell viability was assayed by 
the MTr assay. The optical density of control cultures 
(O.D. 0.619) was considered as 100%, and percent viability 
was calculated accordingly. Results are the means -+ SEM 

of three experiments, each done in quadruplicate. 
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growth by H P R O G  and HPR is shown in Fig. 2, a 
and b. The major  difference in toxicity between 
HPR and H P R O G  occurred at 10/~M retinoid. After  
approximately 6 days, essentially no cells survived in 
the presence of HPR,  whereas over 40% remained 
viable in the case of HPROG.  Further,  there 
appeared to be a sharp demarcation or threshold 
between cytostatic and cytotoxic activity for HPR,  
while there was a broad range of cytostatic activity 
of HPROG.  

Similar results were obtained when cell function 
was determined by the MT'I" colorimetric assay as 
shown in Fig. 3. After  6 days of drug exposure, 
surviving MCF-7 cells treated with any concentration 
of H P R O G  still had intact mitochondrial activity, 
whereas ceils treated with 10/~M HPR retained only 
8% of the original activity. 

HPR activity as a function of HPROG formation. 
H P R O G  appears to act directly on the cells since 
breakdown in the MCF-7 culture system is minimal 
due to normally low fl-giucuronidase activity (see 
below). As noted above, one possible mode of action 
of the parent compound HPR in the presence of GT 
could be conversion to HPROG.  However,  several 
lines of evidence indicate that this mechanism may 
not be involved in the MCF-7 cell system. Shown in 
Fig. 4 is an analysis of an HPLC extract of cells 
incubated for 12 hr with 10 -7 M HPR and 10 -6 M 
GT. This elution profile, which shows only HPR, 
was identical to that obtained when the cells were 
incubated only with 10 -7  M HPR. These results are 
in contrast to the significant conversion of HPR to 
H P R O G  observed in the rat, and the enhancement 
of the conjugation by co-administration of glucarate 
[9]. Furthermore,  although there is a significant drop 
in blood and tissue fl-glucuronidase activity in the 
rat after feeding glucarate [12], this inhibition was 
not seen in tissue culture. For  example, the fl-glu- 
curonidase activity in the cells incubated for 24 hr 
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Fig. 4. HPLC profile of methanol extracts of MCF-7 cells 
incubated with HPR (10 -7 M) and GT (10 -6 M). Details 
are given in Materials and Methods. The elution profiles of 
HPROG and of HPR are shown by arrows (a) and (b), 

respectively. 

with or without 10 -6 M glucarate was 283 units/mg 
protein in control cells and 331 units/mg protein in 
the cells incubated with glucarate (Abou-Issa H, 
Koolemans-Beynen A and Webb TE, unpublished 
data). Thus, unlike the in vivo system where equi- 
librium conversion of glucarate to D-glucaro-l,4-1ac- 
tone occurs at the acid pH of the stomach [cf. Ref. 
12], the conversion was extremely slow at neutral 
pH. The results indicate that glucarate may not act 
by enhancing glucuronidation in MCF-7 cells as a 
result of inhibition of fl-glucuronidase activity. In 
fact, MCF-7 cells appear incapable of glucuron- 
idating retinoids. Furthermore,  analysis of the 
medium from cells exposed to H P R O G  for 24 hr 
showed no evidence that the conjugate was 
hydrolyzed. Also,  no free HPR was found in extracts 
of these treated cells (Curley R, unpublished data). 

DISCUSSION 

Consistent with the in vivo chemopreventative and 
anti-tumor studies utilizing the DMBA-induced rat 
mammary carcinogenesis system [9, 10], concen- 
trations of GT and HPR have been identified in the 
present investigation which interact synergistically to 
inhibit the growth of MCF-7 mammary tumor cells. 
GT and 13-c/s-retinoic acid may exhibit similar 
effects [25]. The anti-cancer effects of H P R O G  are 
also consistent with the effects observed by others 
with the HL-60 leukemia cell line [16]. The fact that 
this conjugate of HPR has cytostatie activity equal to, 
or greater than, the parent compound while showing 
little or no cytotoxicity suggests that this compound 
may be a highly desirable anti-cancer or chemo- 
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preventative agent. The discovery of retinoid glu- 
curonides in vitamin A target tissues as well as their 
polar nature and greater amphipathic properties [23] 
may explain the lower cytotoxicity of the high con- 
centrations of H P R O G  as compared to HPR. 
Further, retinoid glucuronides were shown recently 
to have a long half-life in rats [16]. It is very unlikely 
that the activity of H P R O G  observed in this study is 
the result of hydrolysis to the parent compound 
by fl-glucuronidase released from the cells to the 
medium. The fl-glucuronidase levels in the culture 
medium were essentially non-detectable at all time 
periods of culture, when the enzyme was assayed at 
its pH optimum of 4.5 (Webb T and Schooley W, 
unpublished data). In addition, HPLC analyses 
showed only intact H P R O G  in the culture medium 
of MCF-7 cells after a 24-hr exposure. The conclusion 
that the glucuronide itself is acting on the cells to 
inhibit their growth is further supported by clear 
differences in the biological activity, especially cyto- 
toxicity between HPR and H P R O G  and the lack of 
activity of HPR at low concentrations. 

A component of the present data, not always 
apparent but utilized in calculations when appro- 
priate, was the cells in the medium (supernatant) 
of cultures treated with GT, HPR,  GT + HPR,  or 
HPROG.  Although in all cases these cells exhibited 
85% or greater viability (with the exception of those 
treated with 10/uM HPR) and the proportion unat- 
tached was concentration responsive, it appeared 
that these cells were incapacitated in some manner, 
being unable to resume growth in the monolayer 
culture system. In contrast, the growth rate of the 
cells which did resume growth was greater than that 
of the controls. This difference may reflect het- 
erogeneity in the phenotype of the cell population 
itself. Although the appearance of viable, non- 
proliferating cells in the supernatant medium of the 
treated cells would appear inconsistent with dif- 
ferentiation, it is consistent with the induction of 
apoptosis, one model which has been proposed for 
regression of mammary cancer [26]. On the other 
hand, there was a slight increase in tetrazolium salt 
reduction and cell functional capacity in response to 
treatment with the retinoid glucuronide which could 
be taken as an indication of an increase in the cell 
differentiation index as previously seen with leu- 
kemia HL-60 cells [27]. 

Very little is known concerning the mechanism of 
action of retinoids although their effects are 
mediated, at least in part,  through changes in cAMP- 
dependent protein kinase activity [4, 5] and through 
interaction with specific cellular receptors [28]. Simi- 
larly, the mechanism by which glucarate enhances 
the anti-cancer activity of retinoids is not clear. Glu- 
carate is an end product of glucuronic acid metab- 
olism and glucuronic acid, in turn, is derived by fl- 
glucuronidase hydrolysis of glucuronide conjugates 
synthesized by an inducible phase II enzyme system 
(i.e. the UDP-glucuronyl transferase isozymes). It 
therefore appears that glucarate has itself a pro- 
tective effect and additionally inhibits growth of neo- 
plastic cells in combination with retinoids. The pro- 
tective effect of glucarate alone at high con- 
centrations has been demonstrated recently in an in 
vitro transformation assay [29]. Glucarate appears, 

therefore, to exert a direct effect on cells, in addition 
to the enhanced net glucuronidation demonstrable 
in vivo.  In this regard it should be emphasized that 
glucarate can induce other glucuronidation-depen- 
dent effects in v ivo  which are not evident in cell 
culture systems lacking appropriate UDP-glucu- 
ronosyl transferase. Thus, if, as seems possible, the 
administration of H P R O G  as a chemotherapeutic 
regimen for other than superficial pre-neoplastic or 
neoplastic lesions is impractical, then the co-adminis- 
tration of HPR and glucarate may offer a distinct 
advantage. Further studies appear warranted to 
establish the relationship between HPROG,  and 
HPR and GT in vivo.  
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