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Abstract

Aims: It is to screen many natural product extracts lieirin vitro andin vivo effects
on the activities of hepatig-amylase andi-glucosidase to validate their biological
importance.

Study design: Different groups of non-diabetic and diabeticsratere treated by
different plants for thén vivo study of glycosidasen vitro effect of the plants on the
tested enzymes was studied in presence and abskthesr agueous extract.

Place and Duration of Study:Department of Biological & Environmental Sciences,
Faculty of Science, Beirut Arab University, Beirligbanon, between March 2013
and February 2014.

Methodology: Enzymes were extracted from the livers of norratd,ralso the natural
products extracts were prepared for itheitro studies.a-Amylase andi-glucosidase
assays were done in the presence and absencetlopleat extract. For tha vivo
studies, normal non-diabetic rats were divided grwups, whereas the first group is a
control that includes rats fed on normal food didte other groups include rats fed on
normal food diet mixed with the tested plant leay28 mg/g body weight/ day)
Diabetes was induced in diabetic rats by singlerapdritonial injection of
streptozotocin. Diabetic rats were divided intougr® and treated like the non-diabetic
rats.

Results: Only Thymus vulgariend Origanum vulgareextracts showed a significant
in vitro dose-dependent inhibition aramylase with 16, values of 0.2+0.01 and
0.37+0.03 mg/ml, respectively. However, fihevivo effect was not detected for four
weeks treatment for the two enzymes. Trheitro treatment ofi-amylase byrhymus
vulgarisand Origanum vulgareextractsexhibited a mixed-type inhibition. Moreover,
thein vivo inhibition of both extracts on the tested hepatigymes was not detected
in streptozotocin-induced diabetic rats fedTdtymus vulgarignd Origanum vulgare
for four weeks. Blood sugar level was non-signifitta decreased with respect to that
of non-treated rats.

Conclusion: some non anti-diabetic plant extracts possess afitro inhibition of
glycosidases.

Key Words: Natural products,a-amylase, a-glucosidase, enzyme inhibitors,
diabetes.
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1.

Introduction

Glycosidases (EC 3.2.1.-) are group of enzymesghvhiere found to play important
role in carbohydrate digestion [1]. Thus, the iitidm of their activity may result in
lowering and retarding glucose absorption and d@esing blood glucose level (BGL)
[2] and is considered as a therapeutic tool [3j/cG$idases function or dysfunction
has been implicated in a number of different disestates, leading to an interest in
inhibitors of glycosidases as potential therapsufdd. The successful prevention of
the onset of diabetes consists in controlling pastgial hyperglycemia by the
inhibition of a-glucosidase and-amylase activities, resulting in aggressive deiay

carbohydrate digestion to absorbable monosacchigjde

On the other hand, plant-based foods have beaehingeaditional health systems to
treat many diseases. Plant extracts have longumhfor the treatment of diabetes in
various systems of medicine, and are currently @eceas an alternative for diabetic
therapy [6]. In addition, their effect on enzymdidty has been widely investigated.
Taken together, the control of glycosidases agtiaihd the importance of natural
source of glycosidases activators/inhibitors, havéherapeutic potential for their
beneficial use in various medicinal systems. Tleeef the present study was
undertaken to screen the natural products thatioariyo and/orin vitro, inhibit or
activate hepaticu-glucosidase andi-amylase in both normal and streptozotocin
(STZ)-induced diabetic rats. The present studyuihe$ the investigation of tha
vitro andin vivo effect of some natural products extracts on hepatjlucosidase and
a-amylase, followed by kinetic studies of both enegnwith and withouin vitro
treatment. Moreover, the hypoglycemic effect of soextracts on experimentally

diabetic rats and thein vivo effect on glycosidases will be also investigated.

2. Materials and Methods

2.1. Materials

The enzymatic colorimetric assay kit for glucoskg(pol, 4-amino-antipyrine, glucose
oxidase and peroxidase) was purchased from Boahtingannheim, Germany.
Bovine serum albumin (BSA)p-nitrophenyle-D-glucopyranoside, streptozotocin
(STZ) and 3,5-dintrosalicylic acid (DNSA) were poased from Sigma (Sigma
Aldrich, lbra. Hadad, Beirut, Lebanon). Sephadexl@® was purchased from
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Pharmacia (Uppsala, Sweden)he plants Thymus vulgaris Origanum vulgare
Rosmarinus officinalsLupinus orientalis Pimpinella schweinfurthijiPiper nigrum
Camellia sinensis assanjcNigella sativa and Camellia sinensis sinensiwere

obtained from different areas of the flora of Sougbanon (Table 1)

2.2. Animals

Male albino Sprague- Dawley ratsRdttus norvegicys of body weight,
approximately 120 g were obtained from the aninmaise of the American University
of Beirut. Animals were housed in stainless cagés- (4 animals/cage) under
standardized laboratory conditions with controlléight cycles (12L: 12D),
temperature of 23+2°C. Animals had access to tapnmand to standard food diet ad
libitium. The regional ethical committee (BAU EtBicCommittee) approved the

animal protocols.

2.3. Methods

2.3.1. Animals treatment

Normal non-diabetic rats were divided into 3 gro(fi3 rats per each group). Group 1
is a control group that includes rats fed on norfoadl diet, group 2 includes rats fed
on normal food diet mixed witfhymus vulgarig20 mg/g body weight/ day), and
group 3 includes rats fed on normal food diet miwgith Origanum vulgarg20 mg/g
body weight/ day). Diabetes was induced in diabsdits by single intraperitonial
injection of STZ at a dose of 55 mg/kg body weifjit Blood glucose level was
measured at days 3, 10, 20 and 30 of STZ injectisimg One Touch Select
glucometer strips. Rats were considered diabetienmiiood glucose level is greater
than 250 mg/dl [8]. Diabetic rats were divided irBogroups (7 - 10 rats per each
group), whereas group 1 is a control group (condiabetic). It includes rats that
received STZ injection and fed on normal food di@toup 2 includes rats that
received STZ injection and fed on normal food di@ked with 20 mgThymus
vulgaris/ g body weight/ dayand group 3 includes rats that received STZ irmjecti
and fed on normal food diet mixed with 20 @giganum vulgare/ g body weight/
day. After 4 weeks of treatment, the rats were sacufi@nd their livers were taken
and stored at -80°C for further studies. A moratditywo rats was recorded during the

treatment period.
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2.3.2. Enzyme purification

The purification of hepatiei-amylase from rat liver was performed as previously
described [9] according to the known methods [1)0,H&paticf-glucuronidase from
rat liver was carried out as previously reporte, IB]. All steps were carried out at 0
-4°C.

2.3.3. Enzyme Assays

The assay ofu-amylase activity was determined as descripeeviously [14]
The reaction was carried out by incubating 500 fudiuted enzyme and 500 pl of
0.02 mM soluble starch in 0.02 M potassium phosphmiffer, pH 6.9, containing
0.0067 M NacCl at 37°C for 30 min. The reaction vimerrupted by the addition of
3,5-dinitrosalicylic acid reagent. Finally, the rmire was heated for 5 min in a boiling
water bath and cooled under running tap water.rAfte addition of 10 ml water, the
brown color was measured at 540 nm. The conceorradf liberated maltose was
determined using maltose standard curve [13]. Giiteofienzyme activity hydrolyzes
1 mmol of the disaccharide per min at 37 °C. Theap®fa-glucosidase was carried
out by incubating 50ul of enzyme with 450ul of 20 mM p-nitrophenyle-D-
glucopyranoside in 50 mM potassium phosphate buffelr6.9 at 37°C for 30 min.
The reaction was stopped by adding 0.5 ml of 0.@akbonate-bicarbonate buffer, pH
10.4. The obtained yellow color formed by liberageditrophenol under alkaline
condition, is measured at 410 nm. The concentratioliberatedp-nitrophenol was
determined usin@-nitrophenol standard curve [1]. One unit of a-gisidase activity
is defined as the amount of enzyme, which hydrayizen mole of p-nitrophenyl a-D-
Glucopyranoside per minute at 37_C. Specific dagtiis expressed as units per mg
enzyme protein. All assays were done in triplicated the results were represented as

mean + S.E.

2.3.4. Protein Assay
The protein content of the crude enzyme source dedsrmined by using bovine

serum albumin as a standard [15].

2.3.5. Natural products extracts
The aqueous extracts were obtained frdimymus vulgaris Origanum vulgare

Rosmarinus officinalsLupinus orientalis Pimpinella schweinfurthjiPiper nigrum



150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

Camellia sinensis assanjcNigella sativa and Camellia sinensis sinensisThe

subjected plants were homogenized in 10 mM potasgibhosphate buffer, pH 7.2
containing 1 mM EDTA and 0.25 M sucrose (7 volunodésplant weight), using
mortar and pestle (seeds were kept in buffer soiufor 2 nights before being
homogenized). The obtained homogenate were paBsaagh muslin first, and then

centrifuged at 3000 rpm for 30 min at 4°C.

2.3.6. Kinetic studies of in vitro treated enzyme

Time course of the partially purified enzymes welene at different substrate
concentrations, in the presence and absence ofs8sdof Thymus vulgarisand
Origanum vulgareextracts. In each time course, initial velocityluea (v,) was
calculated. These values were used to plot Dixah lane-weaver Burk plots that

were used to determine the type of inhibition

2.3.7. Statistical analysis
The values were statistically analyzed using stud¢est and paired sample t-test
(SPSS version 16). Data were expressed as mean Y@&8#es with g0.05 were

considered statistically significant.

3. Results

3.1.1n vitro screening of natural products for hepatic enzymes

In order to screen for natural products that hameeHiect on hepatia-amylase
activity, the assay of the enzyme in the presemck absence of different doses of
each plant extracts was done. In parallel to thessays, a control assay was
performed (without any extract). The comparisomieein the specific activities of the
control and other assays provides us an idea aheueffect of each extract an
amylase activity. The change of the relative spedttivity of hepatica-amylase
(percentage of control) with the concentration @iirf natural products extracts was
shown in Fig. 1 A. The results showed that ofilyymus vulgarisand Origanum
vulgare and extracts exerted a significant dose-depenidribbition on a-amylase
specific activity.Origanum vulgareexerted a significant inhibition starting from 0.3
mg / ml dose, which then became highly significstatrting from 0.6 mg / ml dose.
Thymus vulgarishowed a significant inhibition starting from 0.ysml dose but did

not show highly significant effect at the dosesdusethe experiment. The observed
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IC50 were found to be 0.2+0.01 and 0.37+0.03 mdifonl Thymus vulgarisand
Origanum vulgarerespectively. Other natural products also shoavddse-dependent
inhibition but the effect was not significant, whas the remaining activities at the
higher concentration ranged 81.5, 88.8, 90.3, 99758 and 99.28% foLupinus
orientalis Rosmarinus officinalsPimpinella schweinfurthjiPiper nigrum Camellia
sinensis assanjdNigella sativaandCamellia sinensis sinensisespectively (Figs. 1 A
& B). Fig. 2 illustrates the relative specific aaty of the positive control
diethanolamine (DEA) as a ratio of the value insprece to that of control, whereas

the specific activity ofi-amylase is expressed as a relative value compar@zhtrol.

The effects of the same nine extracts have beenstdslied on hepatig-glucosidase
activity. The specific activity of hepatig-glucosidase in the absence (control) and
presence of different doses of nine natural pradagtracts. The results showed that
none of the used extracts exerted a significantcefbn a-glucosidase specific
activity. A non-significant dose-dependent inhitition a-glucosidase was recorded
as 8.0 and 2.0 % decrease of the relative speadiivity was recorded for both
Thymus vulgariendOriganum vulgarerespectively. The effect of the other extracts

was negligible.

3.2. Kinetic studies of in vitro-treated a-amylase by Thymus wulgaris and
Origanum vulgare extracts

The study of the type ah vitro inhibition of a-amylase byThymus vulgarisand
Origanum vulgareextractsinvolves measurement of the kinetic parametershef t
enzyme The time course of the enzyme reaction was done aeréifit substrate
concentrations in the absence for the determinaifathe initial velocity valuesw)

of the reactions. Panels A and B of Fig. 3 reprekereweaver-Burk and Dixon plots,
respectively for hepatico-amylase with different doses ofhymus vulgaris
Lineweaver-Burk plot shows straight lines that isézt at the left side of the y-axis,
and Dixon plot shows straight lines that intersattthe y-axis. Both results are
characteristics of mixed type inhibition. The samesults were obtained for

Origanum vulgareextacts in panels C and D of Fig. 3.

3.3. Measurement of BGL in STZ - induced diabetic ats
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Blood glucose level (BGL) was measured in the Sidiced diabetic rats pre and
post STZ injection. BGL was first measured at dayozusing the glucometer, then
the rats received single intraperitonial injectanSTZ and its BGL was measured at
day 3, 10, 20 and 30 post STZ injection. Diabedits were divided randomly into 3
groups before STZ injection. All rats received sfaene STZ dose. In all groups BGL
measured at day zero, which served as control, almsst the same around 100
mg/dl. The value then increased significantly ie tfroups compared to the control
(p< 0.05) starting from "3 day-post STZ injection (Fig. 4). The treated guyere
fed daily onThymus vulgari@ndOriganum vulgareextracts (20 mg/g body weight/
day), that were mixed with the food of the rats & days. BGL as mg/dl in the
treated groups witiThymus vulgarisand Origanum vulgare(304+25 and 291+29
respectively) recorded lower values than that of-tieated group (diabetic control)
(350+35). This difference was observed frofhday-post STZ injection until the end
of the treatment (day 30).

3.4.1n vivo effect of Thymus vulgaris and Origanum vulgare on enzymes

In order to study then vivo effect of Thymus vulgarisand Origanum vulgareon
hepatica-amylase in both normal non-diabetic and STZ-indudmbetic rats, all rat
groups were sacrificed at day 30 of treatment &ed tivers were taken in order to
perform the assay af-amylase. The relative specific activity value dah¢a from
untreated rats was considered as controls (100 %9rmal and diabetic rats (control
normal and control diabetic). Fig. 5 shows the Itesof a-amylase assay in all rat
groups. These results indicate that the two plditsnot exert ann vivo effect on
hepatica-amylase. The relative enzyme specific activityve&d a significant increase
in diabetic versus non-diabetic rats. On the ottzard, the plant extract did not exert
anyin vivo effect on hepatia-glucosidase and the relative enzyme specific agtin
diabetic rats show a slightly less than the agtivit non-diabetic ones as anon-

significant value.

4. Discussion

Starch digestion in the human body is typicallyweel in a sequential manner
beginning with a-amylase followed bya-glucosidase to produce glucose [16].
Therefore, a current therapeutic strategy for thretrol of postprandial hyperglycemia

is the inhibition ofa-glucosidase and-amylase, resulting in aggressive delay of
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carbohydrate digestion to absorbable monosacchig]déhis is the main reason of
using these enzymes in the current study. STZ vezsl uo induce diabetes and

animals with blood glucose level above 250 mgdrdl considered diabetic [8,17].

In the present study, the obtained results shows&draficant increase in BGL at day
3 post - STZ injection in all STZ — injected grougsd this is consistent with what
had been obtained previously [8,17]. Moreoverhia groups fed ofthymus vulgaris
and Origanum vulgarethe increase in BGL was also significant at dgyo3t STZ
injection. However, the results showed that BGLiha treated diabetic rats is non-
significantly decreases compared to the contrdbetia group. This non-significant
decrease may be due to the treatment duration,hwiiies not enough to show a
significant change. These results suggest thapldrgs may act on mechanisms that
lead to decrease in BGL, other thaamylase and.-glucosidase inhibition, because
the inhibition of these enzymes Byhymus vulgarisand Origanum vulgarewas
observed only in thé vitro and not in then vivo experiments. These mechanisms
may include other enzymes that are also involvedarbohydrate digestion, or it
could be inhibition of the same enzymesafnylase and-glucosidase) but not from
hepatic source, such as pancreatic and intestizghses. Also, these plants may have
an effect on glucose absorption from the gut anyg pralong the absorption process,
suppressing the peak blood glucose levels [6]. Thefitnation of these results
requires other studies that involve longer treatméamation and other enzymes or

other sources of these glycosidases (pancreaitntestinal).

Diabetes mellitus is a metabolic disorder assodiatéh changes in the enzymatic
activity of several enzymes. Some enzymes are fdandave increased activities,
others have decreased activities and others réitaisame activity [18]. Glycosidases
are subject to changes in their activities in aafsdiabetes. In the present study, the
activity of a-amylase increased significantly in diabetic ratshwespect to non-
diabetic ones, in both control and treated grolipgse results were also observed in
other studies that also showed an increasaadhylase activity in diabetes [19,20]. The
expected reason of this increase, according to Eleetal could be that in patients
with diabetes mellitus, the release whmylase into the blood is decreased so its
amount and activity in tissues is increased. Tleemse ini-amylase activity in case

of diabetes may contribute to the increased inutating blood glucosedue to the



285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318

high amount of glucose released dmylase catalyzed reactions [20]. On the other
hand, a-glucosidase activity in the present study sligltBcreases in diabetic with
respect to non-diabetic rats, which confirms thaults in other studies that also show
the same change in this enzyme activity [21]. Hovethe real reason behind this
change is not well recognized yet. It could beradkif negative feedback exerted by
the high amount of glucose in blood, which is thajon product ofa-glucosidase

catalyzed reactions.

Not only synthetic compounds, but also natural ueses provide a huge and highly
diversified chemical bank from which we can explp@ential therapeutic agents
[22]. Opportunity of exploring medicinal plantsssll very wide open in line with the
development of herbal industry, herbal medicined g@mytopharmaca. Therefore,
researchers are trying to explore the potentiatiafitetic agents with the mechanism
of action of glycosidases inhibition in severalrlapecies [23]. In fact, it was found
that Nigella Sativaand Camellia Sinensisvere proved to have anti-obesity action
[24]. Rosmarinus officinalss used to relief respiratory disorders and stateigrowth
of hair, its extracts relaxes smooth muscles othea and intestine, and has
choleretic, hepatoprotective and antitumerogeniwviac [25]. Origanum vulgareand
Piper nigrum are natural sources of antioxidants [26,27lpinus orientalisand
Thymus vulgariswas tested for its anti-microbial action [28] armdfect on

inflammatory response respectively [29].

However, it was reported that screenedlucosidase inhibitors for forty-five plants
extracts reveal that the inhibitory activity ofgstenzyme may be due to the presence
of glycoside content in the studied extracts. Géydes consist of sugars that may be
structurally similar to carbohydrate, which is asate of the enzyme-amylase
[30]. This suggestion was also mentioned in othediss that studied glycosidases
inhibition using natural products [23]. Therefotieis may be the same reason behind
the observed inhibition exerted Byyymus vulgariendOriganum vulgareextracts on
hepatica-amylase. Moreover, compounds with glycosidasesbitany activity were
preliminary identified by the existence of alkalpithvonoid, phenolics and other
compounds in their structure [23]. Some studiestioead thatThymus vulgarisand
Origanum vulgarecontain flavonoid and phenolic compounds [3Therefore, the

inhibition of the tested enzymes in the currentdgtunay be attributed to these
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compoundsThe obtained inhibition by both extracts occurradai dose-dependent
manner. The concentration-dependent manner oitkéro inhibition indicated that

a rapid interaction between these inhibitors arsdete enzymes might have taken
place [13]. The inhibitoryn vitro effect of Thymus vulgari@ndOriganum vulgareon
hepatica-amylase was not observed on hepatglucosidase. This may be due to the
difference in the structure of the active sites,ttsamt the compounds that block or
interrupt the action ofi-amylase do not match or affeetglucosidase active site.
However, not always does threvitro inhibitory activity relate to the correspondiimg

Vivo activity [6].

Thus, proof of concept needed to be demonstratethimal studies. For safety and
efficacy to be established, it was essential tdioarthe in vivo action following oral
administration to different rats groups. Henceitheivo experiments were performed.
The obtained results showed that the obsemedtro effect on hepatie-amylase
was not observeih vivo on hepatic enzyme of rats fed dimymus vulgarisand
Origanum vulgare This may be due to the digestion and metabolisrithe plants
components that lead to the breaking down of affedghhibitory compound present
in these plants, so their effect on hepatamylase was lost. This difference between
in vitro and in vivo effects was also observed in many drugs whoseitgcis

decreased or even lastvivo treatment [32].

In the present study, the extracts of b@hganum vulgareand Thymus vulgaris
displayed a mixed- type inhibition eaamylase. On the other hand, both extraads
not exert an effect om-glucosidase activity. However, the inhibition dygpsidases
can have profound effects on quality control, mation, transport, and secretion of
glycoproteins and can alter cell-cell or cell-vinggognition processes. This principle
is the basis of the potential use of glycosidasdbitors for viral infection, cancer,
and genetic disorders. Glycosidase inhibitors ameeatly of interest owing to their
promising therapeutic potential in the treatmentligbrders such as diabetes, human
immunodeficiency virus (HIV) infection, metastati@ancer, and lysosomal storage
diseases [33,34]. However, the hepatic enzymeativer has a high homology to the
pancreatic enzymes in its primary structure [33jerefore, the hepatic enzyme but
not the pancreatic one was applied in the predadiydo get a considerable purified

amount.
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In future, specific inhibitor has to be isolatedrr the crude extract, characterized and
therapeutically exploited. Therefore, current aftesrto purify the active compounds
from extracts should be conducted to understandirthibitory mechanisms more
clearly, also studies with other enzymes and itioibi analyses are needed to
determine the reason behind BGL decrease aftelinfgemh Thymus vulgarisand
Origanum vulgare These results further support the traditional o$eplants in
medicine based on their inhibitory activity on aanpdrate digestion and glucose
absorption. Although these extract seems to be igiog target in reducing
postprandial hyperglycemia, it is still early ta&woenmend its frequent use in humans

due to the requirement of further studies.

In conclusion,Thymus vulgariand Origanum vulgareextracts showed a significant
in vitro inhibitory effect on hepatia-amylase with a mixed-type mode of inhibition.
This effect was not observad vitro on hepatica-glucosidase anth vivo on both

enzymes. These plants have a non-significant deer@BGL in treated diabetic rats

more than the non-treated diabetic group (diatwatitrol).
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Figure legends:

Fig. 1. In vitro effect of different doses of the extract ofThymus vulgaris,
Origanum vulgare, Rosmarinus officinals and Lupinus orientalis (A) or Pimpinella
schweinfurthii, Piper nigrum, Camellia sinensis assanic, Nigella sativa and
Camellia sinensis sinensis (B) on hepatica-amylase.Specific activity ofa-amylase
is expressed as a relative percentage. Naturaupr®doses are expressed as mg/ml.

Fig. 2. Dose-dependent effect of the positive cootrDEA. Specific activity ofa-
amylase is expressed as a relative value compark@ tas control. Doses of DEA are
expressed in pg per reaction mixture.



390
391
392
393
394
395

396
397

398
399
400
401

402
403

Fig. 3. Kinetic studies of hepatica-amylase. The reciprocal plot of the enzyme
was studied at different concentrations ofThymus vulgaris (A) or Origanum
vulgare (C) extracts Dixon plot of the enzyme was studied at different
concentrations of Thymus vulgaris (B) or Origanum vulgare (D) extracts Starch
concentration is expressedjiM andv, is expressed inM/min. The concentration of
natural products is expressed in mg/ml ands expressed ipM/min.

Fig. 4. Time evolution of BGL post intraperitonial injection of STZ. *p<0.05vs
day zero.

Fig. 5. In vivo effect of Origanum vulgare and Thymus wvulgaris on hepatic a-
amylase anda-Glucosidase in diabetic and non-diabetic ratsRats received 20
mg/g body weight for four week&pecific activity ofa-amylase is expressed as a
relative percentage.. Significarip<0.05vsnon-diabetic.
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Table 1. Voucher number, common name, family, timef collection, place of collection and parts used the selected Lebanese
medicinal plants.

Plant Voucher Common Family Time of Place of Parts Used
Number Name Collection Collection
Thymus vulgaris Flora of Thyme Laminaceae April 2013 South Leaves
Lebanon Lebanon
Origanum vulgare Oregano Laminaceae April 2013 South Leaves
Lebanon
Rosmarinus officina Common Laminacea May 201 South Leave:
rosemary Lebanon
Lupinus orientalis Lupine Fabaceae May 2013 South Seeds
Lebanon
Pimpinella Anisee( Apiacea April 2012 South Seed
schweinfurthii Lebanon
Piper nigrum Black Pepper Piperaceae May 2013 South Seeds
Lebanon
Camelliasinensis Black Tea Brassicaceae April 2013 South Leaves
assanic Lebanon
Nigella sativa Black cumin Ranunculaceae May 2013 South Seeds
Lebanon
Camellia sinensis Green Tea Brassicaceae May 2013 South Leaves

sinensis Lebanon



