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Abstract

As part of our research on the composition of plants belonging to the genus Solanum, we searched for the components in

mature tomatoes and found the overwhelming main ingredient, tomato steroid saponin, named as Esculeoside A. We have

published many reports related to this ingredient, but we have now organized them into i) Isolation and structure of tomato

saponin, Esculeoside A, ii) Finding of esculeoside B in canned and juice products, iii) Seasonal changes in tomato saponin,

iv)  Revolutionary  chemical  transformation  of  Esculeoside  A  to  pregnane,  and  v)  Internal  metabolism  of  Esculeoside  A.

Moreover, we provide an overview of the recently reported pharmacological effects relating to atherosclerosis and dermati-

tis of Esculeoside A and Esculeoside B. Esculeoside A has a hydroxyl group at the C-23 position on spirosolane, so it is easily

metabolized to pregnane, a type of steroid hormone, and is thought to have various physiological activities. This paper repre-

sents the need for us to reacquaint ourselves with Esculeoside A that may better contribute to health. Esculeoside A is cur-

rently under development for application as a health food, so please pay close attention.
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Introduction

About 45 years ago, Nohara took part in a study of

folk  medicine  (in  the  Iya  region  of  Shikoku)  conducted  at

university, and particularly interested in plants of Solanum

lyratum and S. nigrum, which were used in folk medicine as

anti-tumor and anti-herpes agents. Later, when he visited

Kunli Herbal Medicine Store in Shanghai, he was surprised

to learn that these plants were the most used as antitumor

herbal  medicines.  He separated the normal glycosides of

spirostanol and solanidane from S. nigrum and S. lyratum
[1,2]. He wondered why such steroid glycosides were effec-

tive against tumors.

In  addition  to  these  medicinal  herbs,  he  and  his

collaborators  immediately  began  cultivating  many  other

Solanum plants in collaboration with the Ministry of Agri-

culture, Forestry and Fisheries at the Herb Garden attached

to Kumamoto University, they searched for steroid ingredi-

ents  and obtained many steroid glycosides [3]  as  shown in

Figure  1.  Furthermore,  they  discovered  16,22-hydroxyc-

holesterol derivative [4], which was considered to be a pre-

cursor to spirostanol  and furostanol,  and 16-acyl  pregnane

compounds  [4,5].  In  particular,  the  presence  of  the  latter

pregnane derivatives attracted considerable attention, and it

was speculated that spirostanol and furostanol might be me-

tabolized  to  pregnane  and  exert  physiological  activity  as  a

steroid  hormone.  They  thought  this  was  a  theme  that

should be considered for further development in the future.

Figure 1: Obtained Steroidal Glycosides from Solanum Pplants and Their Biogenesis

Isolation and structure of Tomato Saponin, Esculeo-
side A

In the future, in order to carry out in vivo tests us-

ing  laboratory  animals  and  metabolic  experiments  in  hu-

mans,  it  was  necessary  to  obtain  large  amounts  of  steroid

saponins  from  everyday  foods.  We  then  turned  our  atten-

tion to the tomato (Solanum lycopersicum L.), which had re-

cently been reclassified from the Tomato genus (Lycopersi-
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con esculentum Mill.) to the Solanum genus. Although it

was  known  that  immature  fruits  contained  a  steroid

saponin called tomatine, it was thought that mature toma-

toes no longer contained steroid saponins in both Europe

and America. We wondered if tomatine, which was present

in large quantities in fruits and leaves, was metabolized by

enzymes and converted into other forms when it matured,

and could  not  be  extracted  using  methanol,  the  normal

method. To search for the ingredients of these tomatoes, we

usually extracted with methanol, but we extracted with wa-

ter. A simple procedure, namely, smashing the tomato by

hand in water, followed by filtration, gave the filtrate. The

filtrate was then subjected to high porous polystyrene gel

(Diaion) column chromatography. It was first eluted with

water,  followed by methanol.  The methanolic  eluate was

subsequently subjected to reversed silica gel column chro-

matography to yield a major tomato saponin, named as Es-

culeoside A (1) as colorless needles. Crystals weighing 440

mg were obtained from 1.78 kg of the commercial ripe mini

(cherry) tomatoes. From 7.53 kg of Momotaro tomatoes,

331 mg of the same compound was also obtained (Figure 2).

Using the above method of extracting raw mini tomatoes,

middy tomatoes,  and Momotaro tomatoes with water,  it

was found that mini tomatoes and middy tomatoes con-

tained 3 to 5 times more Escleoside A (1) than Momotaro to-

matoes. Also, mini tomatoes contained 5-8 mg/100g of ly-

copene, Esculeoside A (1) was about 5 times more than ly-

copene. One mini tomato (av. 13.33 g/one) contained about

3.3 mg of Esculeoside A (1). The structure of esculeoside A

(1)  was  de termined  as  3-O -β - lycote t raosy l -

(5α,22S,23S,25S)-23-acetoxy-3β,27-dihydroxyspirosolane

27-O- β-D-glucopyranoside [6,7] (Figure 3).

Figure 2: TLC and Crystals of Esculeoside A (1)

Finding of Esculeoside B in Tomatoes Can and Juice From  the  canned  tomatoes  and  juice,  newly

named Esculeoside B1 (3) and Esculeoside B2 (4) were isolat-
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ed (yields 0.0053, 0.007 %, respectively).  Their structures

were determined as 3-O-β-lycotetraosyl (5α, 22S, 23S and

5α,  22S,  23R)-22,26-epimino16b,23-epoxy-3β,23,27-trihy-

droxycholestane 27-O-β-D-glucopyranoside compounds (3,

4) [7-9] (Figure 4). It seems that the canned tomatoes and

juice sold in Japan are made in Italy and other countries.

When they were canned or bottled, they were heat steril-

ized, and they appeared that the change from Esculeoside A

(1) to Esculeoside B1 (3) and Esculeoside B2 (4) occurred dur-

ing that process. Actually, Esculeoside A was converted into

Esculeosides B1 and B2 by refluxing with water for 6 hours.

[10,11] (Figure 5).

Figure 3: Structures of Esculeoside A (1) and Its Sapogenol, Esculeogenin A (2)

Figure 4: Structures of Esculeosides B1 (3) and B2 (4)
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Figure 5: Conversion of Esculeogenin A (2) into Esculeogenins B1 (5) and B2 (6)

Figure 6: Seasonal Variation of Tomato Saponin

Seasonal Changes of Tomato Saponin

We have isolated (5α)-pregna-16-en-3β-ol-20-one

3-O-β-lycotetraoside (7) as a minor component from the

over-ripe tomato fruit [12,13]. This indicates that the type

of steroidal glycoside varies as the tomato matures, that is,

tomatine in the green immature fruit is oxidized at C-23

and at C-27 in the ripe fruit to give Esculeoside A (1). Fur-

ther, Esculeoside A (1) is converted into the pregnane glyco-

side in the over-ripe fruit [14] (Figure 6).

Chemical  Conversion  of  Esculeogenin  A  into  Preg-
nane Derivative

Next,  Esculeogenin  A  (2)  was  converted  into  a

pregnane  derivative  by  refluxing  with  aqueous  pyridine.

This reaction was unexpected as it suggested the presence of

a hydroxyl group at C-23 that makes the E, F-ring very frag-
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ile, thereby leading to bond fission between C-20 and C-22

to afford a pregnane derivative. The mechanism for this re-

action  was  speculated  to  be  as  follows:  i)  at  first,  protona-

tion occurred to the 16-C-oxygen, ii) it pulled the electrons

between the 16-O and C-22 positions, thus creating a dou-

ble  bond  between  the  C-20  proton  and  C-22  position,  iii)

next, H2O was added to the double bond, namely HO- at-

tached to C-20, and H+ to C-22, iv) and then the hydroxyl

group at C-23 is dehydrated, along with that the bond be-

tween C-20 and C-22 was cleaved, and the proton of the hy-

droxyl group at C-20 was released, resulting in C20 car-

bonyl [15 ] (Figure 7).

Metabolic Experiment of Tomato Saponin

Eight  males  consumed  tomatoes-2  kg  per  adult

over  a  period of  2  days.  Their  urine was collected for  48 h

and passed through a polystyrene gel  (Diaion HP-20).  The

first eluate with water was discarded, and the second eluate

with MeOH was collected. The methanolic residue (7.42 g)

was  subjected to  Sephadex LH-20,  silica  gel.  and ODS col-

umn  chromatographies  to  afford  three  androstane  deriva-

tives [16]. These androsterone analogues are usually excret-

ed  in  normal  persons;  however,  since  none  of  these  excre-

tions was detected in the control sample, the occurrence of

androsterone analogues indicates that they would be excret-

ed  via  the  production  of  progesterone  by  those  that  con-

sumed  tomatoes,  that  is,  the  tomato  steroidal  glycoside

might stimulate the hormone secretor or would itself be me-

tabolized into the pregnane (Figure 8).

Esculeogenin A, a New Tomato Sapogenol, Amelio-
rates Hyperlipidemia and Atherosclerosis in ApoE-d-
eficient Mice by Inhibiting ACAT

Fujiwara et al. examined the effects of Esculeoside

A (1) and Esculeogenin A (2), a new aglycon of Esculeoside

A (1), on foam cell formation in vitro and atherogenesis in

apoE-deficient  mice.  Esculeogenin  A  (2)  significantly  in-

hibited the accumulation of  cholesterol  ester  (CE) induced

by  acetylated  low  density  lipoprotein  (acety1-LDL)  in  hu-

man  monocyte-derived  macrophages  (HMDM)  in  a  dose-

dependent manner without inhibiting triglyceride accumula-

tion,  however,  it  did  not  inhibit  the  association  of  acetyl-

LDL to the cells.  Esculeogenin A (2) also inhibited CE for-

mation in Chinese hamster ovary cel1s overexpressing acyl--

coenzymeA (CoA): cholesterol acyltransferase (ACAT)-1 or

ACAT-2, suggesting that Esculeogenin A (2) suppresses the

activity  of  both  ACAT-1  and  ACAT-2.  Furthermore,  Es-

culeogenin A (2) prevented the expression of ACAT-1 pro-

tein,  whereas  that  of  SR-A  and  SR-BI  was  not  suppressed.

Oral  administration of  Esculeoside A (1)  to  apoE-deficient

mice  significantly  reduced  the  levels  of  serum  cholesterol,

triglycerides,  LDL-cholesterol,  and  the  areas  of  atheroscle-

rotic lesions without any detectable side effects. Their study

provides the first evidence that purified Esculeogenin A (2)

significantly  suppresses  the  activity  of  ACAT  protein  and

leads to reduction of atherogenesis [17].

Since Esculegenin A (2) suppressed the foaming of

macrophages, which is an early lesion of arteriosclerosis, in

order to examine whether this compound actually suppress-

es arteriosclerosis in vivo, we conducted a study in hyperlipi-

demia model mice. They conducted animal experiments us-

ing apoE-deficient mice. It  is known that after ingestion of

glycosides contained in natural products, the sugars and su-

gar  chains  are  cleaved  by  the  action  of  intestinal  bacteria,

and the aglycones are absorbed into the body. Therefore, it

was considered that Esculeoside A (1) was also converted to

Esculeogenin A (2) and absorbed (Figure 9).

Therefore,  in  this  experiment,  Esculeoside  A  (1),

which has the structure of a glycoside actually contained in

tomatoes,  was  orally  administered.  First,  apoE-deficient

mice were divided into two groups: a control diet adminis-

tration group and a 100 µg/kg/day Esculeoside A (1) admin-

istration group, and oral administration was performed for

90 days.  Blood was collected after  oral  administration,  and

blood biochemical  tests  were  performed every 15 days.  No

change  in  body  weight  was  observed  in  all  groups.  On the

other hand, total cholesterol levels were reduced by approxi-

mately 25% in the Esculeoside A-treated group compared to

the control. Furthermore, LDL cholesterol levels and triglyc-

eride  levels  were  also  significantly  reduced  in  the  Esculeo-

side  A-treated  group,  by  approximately  25%  and  45%,  re-

spectively.  In  other  words,  these  results  suggested  that  ad-

ministration  of  Esculeoside  A  (1)  improves  lipid

metabolism  in  apoE-deficient  mice  (Figure  10).
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Figure 7: Facile Conversion of Esculeogenin A (2) into Pregnane

Figure 8: Internal Metabolism of Esculeoside A (1)



8

JScholar Publishers J Med Plant Herbs 2024 | Vol 3: 202

Figure 9: Anti-arteriosclerosis Experimental Method

Figure 10: Anti-arteriosclerosis Effect (i) Biochemical Findings
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Furthermore, after the completion of oral adminis-

tration,  we  pathologically  analyzed  the  arteriosclerotic  le-

sions at the root of the aorta in mice, and as shown in Fig-

ure 11, we found that the cross-section of the aorta in the Es-

culeoside A-treated group was significantly lower than that

in  the  control  group.  The  area  of  arteriosclerosis  has  de-

creased.  These  results  revealed  that  Esculeoside  A  (1)  in-

hibits arteriosclerosis even in animal experiments.

Figure 11: Anti-arteriosclerosis Effect (ii) Anatomical Findings

Anti-hyaluronidase  Activity  in  vitro  and  Ameliora-
tion  of  Mice  Experimental  Dermatitis  by  Tomato
Saponin,  Esculeoside  A  and  Esculeoside  B

Allergic diseases, such as atopic dermatitis have an

increasing incidence during recent  decades,  it  is  important

to develop safe and effective agents for prevention of atopic

diseases. Meanwhile, it is well known that hyaluronidase, an

enzyme for hyaluronic acid degradation, is related to inflam-

mation and allergic responses. The hyaluronidase inhibitory

activity test is one of the screening methods for developing

anti-allergy drugs. Zhou et al.  firstly determined the effects

of  Esculeoside  A  (1)  /  Esculeoside  B  (3+4)  and  its  aglycon

Esculeogenin A (2) /  Esculeogenin B (5+6) on mammalian

hyaluronidase activity in vitro, and then investigated anti-al-

lergy of Eesculeoside A (1) / Esculeoside B (3+4) in experi-

mental dermatitis models.

As shown in Figure 12, Esculeoside A (1) / Esculeo-

genin A (2) / Esculeoside B (3+4) / Esculeogenin B (5+6) in-

hibited  hyaluronidase  activity  with  a  concentration-depen-

dent  manner,  and  also  indicating  that  the  inhibitory  effect

of Esculeogenin A (2) on hyaluronidase activity is stronger

than that of cromoglycate, a known anti-allergy agent. More-

over, we also have reported that the effect on hyaluronidase

by  Esculeoside  A  (1)  is  a  mode  of  competitive  inhibition

[18-20].

To  evaluate  on  the  possible  effects  of  Esculeoside

A (1) / Esculeoside B (3+4) on ameliorating atopic dermati-

tis,  experimental  dermatitis  was  induced  by  2,  4-  dini-

trochlorobenzene  (DNCB)  for  sensitize  and  challenge  on

mice dorsal skin, and then Esculeoside A(1) / Esculeoside B

(3+4)  was  administrated  orally  every  day  for  4  weeks.  As

shown in Figure 13, Esculeoside A (1) / Esculeoside B (3+4)

treatment significantly decreased the skin clinical score with-

out  any  detectable  side  effects.  In  the  end  the  dorsal  skin

were  collected  for  histopathological  analysis.  Histological

evaluation  showed  hypertrophy,  hyperkeratosis  of  the  epi-

dermis  and  inflammatory  cells  infiltration  in  the  control

group, and the treatment with Esculeoside A (1) or Esculeo-

side  B  (3+4)  decreased  significantly  epidermal  and  dermal

thickening and inflammatory cell infiltration [18,21].



10

JScholar Publishers J Med Plant Herbs 2024 | Vol 3: 202

Figure 12: Inhibition of Hyaluronidase Activity by Es A/Esg-A/Es B/Esg-B/Cromo with a Modified Morgan-Elson Method.

The grey dash line shows 50% inhibition on hyaluronidase activity. Each value was the average of triplicates, and each bar indi-

cates the mean ± SEM (n=5). Es A, Esculeoside A; Esg A, Esculeogenin A; Es B, Esculeoside B; Esg B, Esculeogenin B; Cromo,

cromoglycate.

Figure 13: Oral administration of Es A or Es B on the Amelioration of Experimental Dermatitis in DNCB-treated Mice
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a. Experiment design. All animal experiments were performed under the Guidelines of the Japanese Pharmacological Society

for the Care and Use of Laboratory Animals. The mice were divided into 6 (Es A) or 3 (Es B) groups. Saline application was as

the normal. Saline administration after atopic dermatitis induction was as the control. Dexa (0.1 mg/kg) and Es A (10, 50 and

100 mg/kg) or Es B (10 mg/kg) administration after atopic dermatitis induction were as the treatment groups. b. Macroscopic

photograph after 4 weeks oral administration. Dermatitis scores were assessed macroscopically in a blinded fashion during a 4-

week period. c. Histopathological findings of mice dorsal skin were at 4-week after various application following atopic dermati-

tis induction. H&E staining, ×100. The results were expressed as means ± SEM. (n=3~6). *: P < 0.05, ***: P < 0.001, significant-

ly different from the Control. Es A, Esculeoside A; Es B, Esculeoside B; Dexa, dexamethasone.

Meanwhile, it has been reported that treatment of

human  keratinocyte  cell  with  DNCB  induced  a  significant

degradation of hyaluronic acid at the pericellular matrix of

keratinocyte cell, and it would be correlated to an upregula-

tion of hyaluronidase [8]. Accordingly, it is speculated that

the  inhibition  of  hyaluronidase  activity  by  tomato  saponin

and its  aglycon may partly  contribute  to  tomato  saponin--

mediated  alleviation  of  experimental  dermatitis.  In  future

study,  it  will  be  important  to  evaluate  the  effect  of  tomato

saponin on hyaluronidase in vivo.

Conclusion

In  summation,  the  use  of  steroidal  glycosides  is

classified  into  internal  and  external  uses.  Regarding  the

former,  there are two cases:  one is  action on the surface of

the digestive tract, and the other is action after assimilation

and  metabolism.  Unassimilated  steroidal  glycoside  acts  on

the nervous system or its mediator or receptors to suppress

the rise in blood sugar levels. On the other hand, the assimi-

lated  glycoside  is  first  metabolized  into  C-23-hydroxylated

spirostane  or  furostane,  and  further  into  pregnane  deriva-

tives, which demonstrate various bio-activities. It is possibly

effective  against  menopausal  disorders,  osteoporosis,  arte-

riosclerosis,  various  tumors  (uterine  cancer,  breast  cancer,

prostate  cancer),  atopic  dermatitis,  and  women's  diseases

(Including epidemiological  survey  results).  In  external  use.

steroidal  glycoside  is  absorbed  via  the  skin  and  demons-

trates  anti-herpes  and  anti-skin-cancer  activities  as  men-

tioned before (Figure 14). Steroidal glycosides are regarded

as natural pro-drugs of steroidal hormone.

Figure 14: Effectiveness of Steroid Glycosides such as Tomato Saponin (Esculeoside A)

Conflict of Interest The authors declare no conflict of interest.
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