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AbJ·t,act. The effect of glucaro(l-+4)(6➔ 3)dilac10ne and 
(I +4)monolac1onc. ,8-glucuronidase inhibitoN. UPon the 
apocrine sweat and sebaceous gland� and their clinical 
applica1ion 10 several dermatoses wcre investigated. ( l) 

The growth-promoling effec1 of 1e�10,1erone upon the 
sebaceous gland of lhe rat was inhibited by the administra­
tion of glucaro( I ➔4)mtmolaclone. (2) The oral inlake of 
gluc,Ho(I ➔4)(6 ➔3)dilactonc or ils topical application 
(0.1 "i, dehydrnted lanolin ointment) reduced the /3-
glucuronidase activily in the axiUary ,weat and o�midrotic 
skin. (3) The oral admini�trntion and the topical applica­
iion of dilactone to patients with osmidrosis rcsulted in 
complete deodorization in 28 oul of 69 ca,es and allevia-
1ion of odor in 33 casc�. In addition, no significani dif­
ference wa, ob,erved bctween 1hc clinical effcct and 
exi,1ence of s11pcrficial bacterial infcction of axillary skin. 
Oral administration and local application of thc dilactone 
10 acne vulgan, and steroid acne �howed a favorable 
clinical effect in 26 out of 30 case,. In verrucae planae 
juveniles, the oral administration of thi, dilacwnc "howed 
an excellent cffcct in 25 out o( 29 cnses. (4) A possible 
mechanism of action and the me1abollc regulation of /3· 
glucuronidase inbibitor upon the gland tissue,. and 
especially thc relationship between the inhibi1or and sexual 
hormone are proposed. 

/3-Glucuronidase (/3-G) which catalyses thc hydro­
lysis of /3-0-glucuronidc, is well known for its 
important rolc in thc catabolism of mucopoly­
saccharides and transportation of aglucuron such 
as bilirubin or sexual hormones (10), although the 
physiological significance of its existence in almost 
all the tissues is not well clarified. 

On the other hand, D-glucaro(l-+4)1actone 
shows complctc inhibition of /3-G at a concentra­
tion of 10-7 M (20, 21) and this inhibitory effect 
is 5 limes stronger than in the case of glucaro­
( I ➔4)(6-+ 3)dilactone in vit ro, whereas in vivo the 
effect is the reverse since the dilactone is more 
easily absorbed from the intestinal canal, and its 

degradation products. (1 ... 4)- and (6 ... 3)1actones,
induce a prolongation of its inhibitory effect (13, 
J 4, 29). 

There are, howevcr, many reports describing a 
high activity of {J-G in inflammatory tis!>ues and 
neoplasms. 

Glucaro(l--+4J)laclone has also becn used for 
the treatrnent of carcinorna of the urinary bladder 
because high /3-G activity in urine or cancer tis­
sues increased concornitantly with the amount of 
carcinogenic aglucurones liberated from glucu­
ronide in the bladder (2. 3). 

In the dermatological domain; (J) high {3-G 

activity was reportcd not only in the human epi­
dermis but also in the apocrine sweat and seba­
ceous glands (4, 18, 24, 26). Its physiological 
significance, however, has not yet been docu­
mented. Furthermore, (2) thc pilo�ebaccous system 
was shown to be regulated by androgens, and 
experimental investigations showed that the ad­
ministration of various androgenic hormones, espe­
cially testosterone, caused hyperplasia or hyper­
trophy of the sebaceous gland in rats, rabbits, 
etc. (8). 

Considering both (I) and (2), we investigated the 
effects of the /3-G inhibitor upan the sebaceous 
and sweat glands, and demonstrated its clinical 
application to somc dermatoses such as osmi­
drosis, acne, verrucae, etc. 

MATERIALS AND METHODS 

Sodium glucaro(l ➔4)1actone and glucaro(I ➔4)(6->3)­
dalacione diace1a1e "ere obtainecl from Chugai Pbarma­
ceutical Company by courtesy of Dr Hirnsnka (16). 

For oral administration, we used 50 mg/kg of lhc 
dilaclone diacetate daily, and for thc externa! administra-
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Table I. Effects o.f glucarolacrone upon rhe sebaceous 
gland af female rat 1rea1ed wi1h 1es1ostero11e 

Volume or the 
sebaccous gland 
(] 000 ,,,) 
S.E. 

/J·G activit) (U) 

Testo• 
Con1rol s1erone 

87+ 36a 3J2=92a 

Il 29 

132 156 198-224 

0 S.D. V
�X• (�X)''(N) 

N I N-10. 

Teslosterone 
glucarolactonc 

185±61 <1 

19 
82-118 

tion, dchydratcd lanolin ointment containing 0.1 % dilac­
tone diacetate was prepared. In lhe animal ewerimcnt, in­
jec:ion of 0.5 mg/g o[ Na-glucaro(l ,4)lactone was em• 
ployed. 

Ani,nul experi111e111 
E ght-week-old femalc rats were divided into 3 group,. 
The fir t group wa� lreatcd wilh single intramuscular in• 
jiction of 500 U of testo,lerone propionale depot and 
0.5 mg, g d Na-glucaro( 1-4)1actonc evcry day. The 
,!Cond group was treated with 1es10,1eronc proprionate 
depot only and the third was n control gro11p. After 30 
d,1ys. a histological examination cf cut:rn�ou, tissue taken 
from the back of each rat wa, made. Th� size of the 
s:baceo11s glanci wa, mca,ured witb a planiometer in the 
ph:llographs of these serially ,ectioned ,pecimen,, and 
its volum� was calculatcd in accordanc� with Ebling's 
method (8). 

1-/11111<111 exp,•rlnu.'ntS 011 .Jh'Cai111,: 

Voluntcers were trcated for 6 hours with thc dilactone 
lan:>lin ointmcnt on various skin regions. or for 4 day\ 
",itb oral administmtion of the dilactonc diacetatc. Then 
filtcr-papers were applied to the mcusurcment region, 
(axilla. chest, etc.). They were covercd by a paraffin film 

und the edges were tightly scaled with adhesive tape. The 
volume of ,weat was calculated by weighing the filter• 
paper before and after the experiment. The experiment 
was C,trried Olll at (l room tempcrature of 32°C and so•.

humid11y. lmmedi.ttely after wcighing the filter-paper, 
sweat was extracled into the acetate buffer (0.1 M, pH 
4.5) and /3-G activity o{ the S\\eat wa, mea,ured by thc 
method cf Fishnrnn el al. (9). (U denotcs libcrated 
phenolphlhalcin µg h ml of ,weat.) /J-G activity in 
cutaneous ti,sue was measurcd acconling to thc method 
of Matsuurn (24). Histochemical demonstration of /3-G 
was made in accordance \\ith llayashi ct al. (15). 

Dmg tufmi11/.t1rat,011 10 patie111s 
A do�c of 0.1 % dilactone-Ianolin ointment or 0.1 °0 
glucaro( I -4)monolactone-lanolin (in cases of vcrrucae) 
was applicd once or twice a day lo lhc skin lcsion and 
tbe placebo (lanolin cnly) wa, also applied. for a blind 
or a double blind test. Jn the oral administration, 50 mg 
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per kg body weight of glucaro(l -+4)(6-->3)diloctonc di­
acctate was admini,tered daily. No other local or sy,temic 
tr:atment wa� given during the investhrnticn. 

RESULTS 

Mechanism of action of /3-G inhibitor upon the 

apo:rine swear and sebaceous g!ands 

Effects o/ glucaro(J-4)mono!ac1one upon seba­

ceous 1dand of rors 1reared wi1h restosrerone. 

Hypertrophy of lhe increased gland cells can 
clcarly be observed in the group treated with 
testosterone, compared with the non-treated 
group. This change was less marked in the group 
trcated with both testostcronc and glucarolactone 
as compared with the group given testosterone 
only. The volume of ten sebaceous glands ran­
domly chosen in each group and the /3-G activity 
of the skin is shown in Tablc l. 

The volume of the sebaceous gland, 1 [(MN 1 -
MN2)/(SEi - SE�)] - 7.8 was shown between the 
control group and the testosterone group: 1 = 4.1 
bctween the testosterone group and the testos­
terone + glucarolactone group, and t � 4.2 be­
tween the control group and the lestosterone -
glucarolactone group. It was confirmed that 
glucarolactone inhibits che growth-promoting ef­
fects of testosterone 011 the sebaceous gland. The 
cutaneous /3-G activit} in the dorsal region of 
thc testosterone -+ glucarolactone group demon­
i.trated lower activity than in the testosterone 
group and the control group. but {3-G activily was 
revealed histochemically in the sebaceous glands 
or all three groups, and we could not demonstrate 
any difference in its concentration in the speci­
mens. 

After the 20th day of the experiment the testos­
terone group showed a decrease in body-weight 
in comparbon with the control group, and the 
glucarolactonc group showed yellowish and lustre­
less changes of the hair and dried skin as if they 
were on a low-lipid diet. 

E/fec1s oj glucaro(l-4)(6-�J)dilac1one 11pon in-

1ensiEy of swearing and /3-G acriviry o/ sweat. The 
rcsults obtained from the measurement on the 
axilla. the chest, and the back of healthy adult 
men. are shown in Table Il. 

/3-G activity in sweat taken from thc axilla was 
generally lower than that of the serum (8-12 U), 
and its activity in sweat of the chcst or the back 
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Table Il. Effects of g/11carodi/acto11e 11po11 the i11tensily of sweating and the {J-G activity of human sweat 

U � /tS of liberated phenolpbthalein/hr/ml of sweat. Parentbeses dcnote ml of swcat/S0 cm'/h 

Axilla 

Habitually 

Age handcd Right Lcft 

Pat. Sex (y.) side u u 

No trearmeur 

s. s. ö 46 right 2.6 1.9 
(1.60) (0.90) 

T.O. c5 38 right 2.3 1.4 
(1.20) (0.62) 

'. M. 0 36 1er1 5.2 3.1 
(0.24) (0.63) 

N. K. 'I'" 26 righr 6.4 7.9 
(0.34) (0. 18) 

Oral admi11istratio11 

s. s. ö 1.5 0.9 
(l.70) (1.44) 

T.O. ö 0.1 0.3 
(1.32) (1.21) 

0./ 00 oi111mc11r 

s. s. ö 0.0 

(0.76) 
T.O. ö 0.0 

(0.90) 

" Patient "ith osmidrosis. 

was considerably lower than that of the axilla. 
One case of osmidrosis sbowed the bighest {3-0 

activity, i.e., the enzyme is excreted more easily 
from thc apocrine gland. 

After applicalion of dilactone lanolin ointment 
to the axilla for 6 hours, {3-G activity disappeared 
totally in sweat bul the 4-day oral admini�tration 
of glucarodilactone revealed about 40 % rcduction 

of the /3-G activity in sweat of the axilla and the 

chest, although complete inhibition could not be 

obtained. 

It wa� noticed that the inhibitor �howed no ef­
fect on the amount of swealing by either oral or 

externa! administration. We also observed that the 
sweating of the axilla was more intense on the 
habitually handed side (mainly right) than on the 

contralateral side and we concluded thal it was 

unreasonable to trcat the other side as the control 

in such experiments. 

Behaviour of /3-G activity in axillary cutaneous 

tissue caused by application of glucarodilactone. 

Twenty-four hours before operation on a patient 
with osmidrosis, dilactone lanolin ointment was 

applied on one side of the axilla, and the other 

Chest 

u 

0.4 
(I .48) 
0.2 

(1.02) 

0.2 
( 1.50) 
0.1 

(1.64) 

Upper 
Back arm 
u u 

0.9 
( 1.46) 

Trace 
(0.14) 
Trace 
(0.33) 

contralateral was treated with lanolin only. Perme­

ability of the inhibitor and ils inhibitory effect on 
/3-G were determined using the skin lesion ob­
tained after the operation. Table 111 shows these 
rcsults. As stated above, {3-G activity or the gland 
on one axilla is not the same as on the other side. 
Tn this table. all of the habitually handed sides 
were lreated with inhibitor and {3-G activity of the 

total skin layer was decreased to about one-third 

of that of the other side. 

Examination of the /3-G activity in the epi­

dermis and dermis separately showed that the 
trcated side aclivity in epidermis was less than 

20 % of that in the control, whereas the dermis 
of the treated side still retained 60 to 70 % of the 
activity of the control side. The inhibitory effect 

on {3-G activity is attributable chiefly Lo that in 

lhe epidermis and the pcrmeation of the inhibitor 
into the deep layer of the dermis is difficult even 

when applied for 24 hours. 

The histochemical investigations revealed that 

{3-G activity remained in the lumina and the gland 
cells of the apocrine glands but it was markedly 
reduced in lhe epidermis and the upper portions 

of the excretcry ducts. 
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Table JTT. {J-G activity oj the axi/lary skin afrer the 
application of glucarodilactone oi111me11t 

U -µg of liberatcd phenolphlhalein/h/g or wet tissue 

Left 
(control. Right 
treated (treated 
lanolin with in• 

Age only) hibitor) 
Pat. Sex (y.) u u 

T. T. 'f 16 Total skin la}er 3 510 I 380 
Epidermis I 314 130 
Dermis 3 330 I 074 

Y.O. '.: 16 Total skin layer 3 720 I 775 
Epidermis 792 279 
Dermi, 3 615 2 922 

M. N. + 19 Total ,kin layer 8 160 3 270 
Epidermis I 776 750 
Dermis 8 640 6 660 

Y. S. ,! 21 Total �kin laycr 6 980 2 294 
Epidermis I 310 121 
Dermis 6 774 3 962 

N.H. er 21 Total skin layer 3872 I 235 
Epidermis 640 156 
Dermis 3 460 I 920 

Clinical application 

From the abo,e experiments, e, idence !>Uggcsted 

that the blockage of /3-G might change the 
metabolism of the secretory gland to free it from 
the testosterone effect. On the other hand, {3-G 

might be liberated as one of the lysosomal en­
zymes from such tissue a� inflammatory ti�sue or 
a neoplasm. We therefore examined the clioical 
effects of glucaro(J "4)(6-> 3)dilactone diacetate 

either applied externally or administered orally 

upon some skin diseases, such as osmidrosis axillae 
representing the abnorma) secretion of the apo­
crine gland, acne vulgaris representing hyperplasia 
and hypersecretion of the sebaceous gland, ver­
rucae as virat neoplasia. and a few inflammatory 
dermatoses. 

Table IV. Effects o
f 

g/11carodi/ac1011e upon patients 
with osmidrosis 

In-
No. of Markedly Effec- effec-
cases rJ/"' effccthe tivc tive 

0.1 �o oint-
ment 48 5/43 26 16 6 

Oral adminis-
tration 21 4/17 2 17 2 
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Table V. Ejfects of g/11carodilacto11e ointmem 11po11 
the axillary odor and :,11pe1ficial bacteria separated 
from axi/lary skin 

Supcrficial4 

No. of Markedl) ln-
cases crrccti,e Effecti,e effecthe 

bactena ( ) Il 8 2 

Superficial 
bactcria ( -) 7 6 0 

a Staphylococcus albus 9, Corynebactcrium 2. 

Osmidrosis axillae. The clinical expcricnces with 
the inhibitor against 69 cases of osmidrosis are 
shown in Table IV. 

"Markedly effective" means that morc than 2 
cxaminers could noL notice any odor, and "effec­
tive" means impro"cment judged form the com­

plaint� of the patients and comments of their 
families. Conccrning the externa) application, 42 
out of 48 cases (87 °o) showed improvement, 
mostly I day after the treatmcnt, but if the 

thernpy was interrupted the odor reappeared, 

mostly within I to 3 da)s. The placebo had no 
effect and when it was substituted for the in­
hibitor, reappcarance of the odor was recognized. 
In ca!>es of oral administration, 19 out of 21 ca!>e!> 
(90 'lo) showed favorable results. The effccts were 
noticed after the second day of admir,istration, 
and remained for 2 days to 3 weeks after inter­
ruption of the treatment. depending on each 

individual case. 

In 11 out of 18 patients with osmidrosis, the 
bacterial infections were revealcd by culture from 
the axillary skin surface, as shown in Table V. 

Table Yl. Eff ects of g/11carodilac1011e 11po11 acne 

Mode or 
adminis­
tration 

Ac11e rnlgaris 

Externally 
and orally 

Externa Il} 
onl} 

Steroid-acne 

Onl) 
externally 

No. of 
cases o/� 

24 1/23 

4 0/4 

2 0/2 

Markcdly ln-
effec- Effec- e[[cc-
tive tive tive 

6 

2 

2 

15 3 

0 0 



However, no significant difference on the effect 

of the /J-G inhibitor was observed between the 

bacteria-positive and the negative group. 

Acne vu/garis and steroid acne. Twenty-eighl 

cases of acne vulgaris, especially the premenstrua­

tion flare-up type, and 2 cases of steroid acne 

were treated with externa\ application alone or 

with combined oral administration (results shown 

in Table VI). Most of the cases of acne vulgaris 

(24 out of 28) showed marked improvement and 

decrease of papules within 4 weeks. Six cases 

showed no recurrence of the eruption for rnore 
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Fig. I. Acne vulgaris, pre­

treatn,:ent. 

than 8 weeks and the treatment could be con­

sidered as markedly effective (Figs. l and 2). 

In the 2 cases of steroid acne, externa! applica­

tion only elicited the remission of erythema and 

papules on the second day, and the eruption dis­

appeared after L week. 

Verrucae planae juveniles and verruca vulgaris. 

As shown in Table VIT, oral treatment was given 

to 29 patients with verrucae planae juveniles and 

complete disappearance of the eruption was ob­

served in 24 cases within 4 days to 4 weeks (Figs. 

3 and 4). However, relapses were observed in 2 

Fig. 2. After 4 weeks per 

oral treatment cf Fig. l. 
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Tablc Vll. Effects of g/11carodilacto11e 11po11 warts 

Mode of 
.adminis­
tration 

No. or 
cases 

Verrucae p/011ae j11u11ile.s 
Orally 29 

Verruca rnlgaris 
·Orally 12 

Markcdly Etrec-
effeclive live 

24 

0 4 

ln­
cffec­
live 

4 

8 

of these 24 cases after I or 2 months of dis­
continuance of thc therapy. Thosc who received 
se,eral other treatments showed strong resistancc 

lo this therapy, and furthermorc, the older the 
eruption was, the more delayed was the manifesta­
tion of the effect. Externa! application of the 
glucarodilactone or monolactone-oin I ment re­

vealed no favorable effect at all. 
Of 12 patients with verruca vulgaris lreatcd 

orally. 4 showed a complete flattening or dis­
.appcarance of warts aftcr 4 to 8 weeks (Table 
VI I). The remaining 8 cascs showcd no noticeable 

Fig. 3. Verrucae planae juvenile�. pre1rca1ment. 
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Fig. 4. Aflcr 2 wecks per ornl trealmcnl of Fig. 3. 

change after 8 wceks and the treatment was thus 

considered ineffective. either glucarodilactone­
nor monolactone-ointment showed any effect. A� 
to the injcction, we have not tried it yel due to 
the severe pain it causes. 

Orher diseases. In addition to the above-men­
tioned. several dermatoses shown in Table VJTT 
were treated with externa) application and/or oral 
intake of the {3-G inbibitor. Among them, pity­

riasis capitis and seborrhoea ofeosa were mark­
edly improved by the oral administration but no 
effect was shown in thc case of rosacea. 

The externa! appfication of dilactone-lanolin 
was very cffective in onc case of incurable Fox­
Fordyce·s disease in the improvement of severe 
itching, and effective in one case of Darier's dis­
ease. 

Side effects. Oral administration of glucaro(l ... 4)­

(6➔ J)dilactone diacetate which lasted for a few 
weeks, the lon gest duration being J 2 weeks, 
caused no such adverse effects as gastrointestinal 
di�turbance. A 0.1 % lanolin ointment of this 
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compound was not irritalive and long-term appli- Table VIII. Effects of glucarodilactone upon other 
cation resulted in no such side-effects as itching various skin disease 

or erythema. 

DlSCUSSION 

As stated earlier, the biological significance of 

/3-G has not yet been fully elucidated, but it is 

considered to play an important part not only in 

the metabolism of mucopolysaccharides but also 

in the transport of aglucurons in body fluid. Tf a 

biologically active compound is produced by a 

certain organ and acts upon its remote target 

organ, it must be transported to the target as an 

inactive complex by a carrier. and be liberated 
from the carrier and reactivated at the target 
organ. 

Such a phenomenon is not only characteristic 

in glucuronic acid conjugation, but sulphate con­

jugation also plays an important role in the 

transport of estrogen between fetus and mother, 
by means of the potent sulphatase existing in 

placenta which regulates these processes (19, 25). 
Various kinds of circulating hormone glucuronides 
( 17) are known to exist in blood and testosterone
glucuronide is recognized in human sera (5), !iver

(11), and urine (1, 12).

On the other hand, it is now well known that 
the scbaceous and the apocrine glands are mar­
kedly affected by the gonads, and Kuroda (18) 

and Matsuura (24) in our laboratory have already 

reported the strong {3-G activity in these gland 
tissues. Since we were able to obtain the strong 
/J-G inhibitor, we carried out a few fundamental 
experiments mainly on the role of the above­
mentioned hormone glucuronides and {3-G in the 

pilosebaceous system and tried to apply it to some 
cutaneous diseases. 

At first, glucaro(I ➔4)monolactone showed a 

definite inhibitory effect on the hypertrophic pro­

liferation of the sebaceous gland of female rat 

produced by testosterone. And glucaro(I-->4)­

(6➔ 3)dilactone diacetate, which is used clinically 

for acne vulgaris and steroid acne, caused the 

reduction of seborrhoea and improvement or dis­

appearance of acne. 

Matsuura (24) reported the measurement of in­
creased /3-G activity in the apocrine glands of pa­
tients with osmidrosis, and we have also con­
firmed ils intense activity. We alw revealed that 

/3-G activity of axillary sweat taken from the 

Pityriasis 
capitis or 
Seborrhoea 
oleosa 

Mode of 
adminis• 
tration 

per os 

Acne rosacea per os 

Fox-Fordyce oint-
discase ment 

Darier"s oint· 
disease ment 

Hypcridrosis per os 
palmaris 

Syringoma per os 

Pustulosis 
palmaris et 
planta ris 

Psoriasis 
vulgaris 

lchthyosis 
vulgaris 

Keratosis 
palmaris el 
planta ris 
hereditaria 

Lichen pilaris 

Fixed drug 
eruption 
(Antipyrin) 

per os 
and 
ointment 

per os 
and 
ointment 

ointment 

ointment 

per os 

and 
ointment 

per os 
and 
ointment 

No. of 
cases 

4 

6 

6 

5 

4 

5 

3 

Effec-
tive 

4 

0 

0 

0 

2 

0 

0 

0 

Slightly 
effcc-
tive 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

In-
cffcc-
tive 

0 

3 

0 

0 

6 

4 

3 

4 

3 

normal adult and the patient with osmidrosis is 

much more intense than that of the sweat from 
the chest or back, and lhe local application of lhe 

/3-G inhibitor actually reduced the /J-G activity. 

As a consequence of our findings, we applied 
0.1 % lanolin ointment of this inhibitor to patients 

with osmidrosis, and obtained a favorable clinical 
effect in almost every case. 

Among many theories about tbe nature of tbe 

odor in osmidrosis axillae, bacterial infection is 
widely believed to be an important factor which 

enhances the odor, but as seen from our cases, 
half of the osmidrosis was revealed to be bacteria­
ncgative and the effect of the {3-G inhibitor was 
lhe same as bacteria-positive. lndeed, we cannot 

directly correlate the odor with the {3-G activity, 
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but it seems probable that the inhibition of /3-G 
causes blocking of sexual hormone transport to 
the apocrine gland and thus decreases the meta­
bolism in situ. In addition, lopical application of 
the inhibitor in Fox-Fordyce's disease, although 
only one case, was proved effective by the marked 
disappearance of severe itching. This result is 
very significant when one considers that the dis­
ease is related to the sexual hormone and the 
accumulation of mucin-like substance (27) in the 
apocrine gland is accompanied by high {3-G 
activity. 

The next problem is cellular proliferation and 
destruction, and the behaviour of /3-G activily. 
Carr (6, 7) observed a marked elevation of /3-G 
activity in Ehrlich's tumour in mice and in other 
experimental tumours and reported that the addi­
tion of glucaro(l ➔4)lactone blocked the proli­
feration of these tumour cells. It is also well 
known that urinary /3-G activity is high in cancer 
of the urinary tract. and the injection of /3-G 
inhibitor may be directed at lhe focus of bladder 
cancer (30). We have never used the inhibitor 
against malignant skin tumours, but oral adminis­
tration was carried oul with favorable e.ffects on 
verrucac planae juveniles and verruca vulgaris. In 
cases of lesions such as warts, which have no in­
clination to moistening, 0.1 % glucaromonolac­
tone-lanolin was substituted for dilactone oint­
ment, because in such cases dilactone could hardly 
be cxpccted to conven LO monolactones without 
aqua. 

Although we must consider that the treatment 
of verrucae planae is subject to such psychogenic 
influences as suggestion therapy, the rapid and 
dramatic effect in 25 out of 29 cases must be due 
to the medicinal properties of the inhibitor and the 
mechanism of this action is very interesting. Up 
lO now, no one has reported lhat /3-G inhibitor 
suppresses vira! proliferation. Nusbacher et al. 
(28) reported recently that the release of lysosomal
enzymes resulted in the segmentation of cliromo­
somes and the acceleration of virat growth, but it
seems rather unreasonable to speculate that the
inhibition of /3-G, one of the lysosomal enzymes,
causes the suppression of the vira! proliferation.
The rnechanism of its action rernains to be clari­
fied.

Finally, we must not neglect glucuronolactone 
dehydrogenase, the main enzyme of glucaric acid 
synthesis. 
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glucuronolactone 
dehydrogenase 

D-glucuronolactone _____ _,,
NAD+ 

O-glucaric acid

According to Marsh (23), this enzyme activity in 
human Jiver is much lower in the fetus and in­
fant than in the adult; therefore the high {3-G 
activity in the infant ]iver cannot be controlled 
and the resulting hydrolysis of bilirubin-glucu­
ronide causes neonatal jaundice. On the other 
hand, urinary glucuronolactone dehydrogenase ac­
tivity is greatly reduced in animals and patients 
with cancer (21, 22), and this may conversely be 
the cause of the elevation of {3-G activity. We are 
studying the pathway from g!ucuronolactone to 
glucaric acid and glucuronolactone dehydrogenase 
in normal and pathological skin tissues, and we 
will report the results elsewhere. 
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