
CHAPTER V

DISCUSSION

Gymnema inodorum (Gl), or Chiengda in Thai, is a local plant, regularly 
found in northern and north-eastern part of Thailand and is used in local cuisine for a 
long time. Gl belongs to the Asclepiadaceae Family which is the same as Gymnema 
sylvestre (GS). GS is grown in India and has been used in Ayuraveda medicine for its 
therapeutic effects for some diseases including diabetes ทาellitus. Crude extract from 
GS leaves consists of gymnemic acids which is one of triterpene saponins 1891 and has 
the pharmacological action in inhibiting glucose absorption and suppressing the 
increase of blood glucose level in oral glucose tolerance test. Gl differs from GS 
because It does not suppress sweetness and is not bitter in taste.190 91’ The extraction 
from Gl leaves can also suppress glucose absorption in guinea-pig intestine via Na+- 
glucose co-transport system.133 341 The glucose suppression activity of Gl has never been 
demonstrated in humans before.

เท order to determine the hypoglycemic effect of Gl tea on healthy 
subjects, we divided the subjects into 5 groups: group 1 or a control group, the 
standard OGTT was performed without Gl tea consumption after 75 g glucose load; 
group 2 the treatment I group, the subjects were asked to drink one pack of Gl tea (1.5 
g in 150 ml hot water) immediately after oral glucose load; group 3 the treatment II 
group, the subjects were asked to drink 1 pack of Gl tea 15 minutes after oral glucose 
load; group 4 the treatment III group, the subjects were asked to drink 1 pack of Gl tea 
30 minutes after oral glucose load; group 5 the treatment IV group, the subjects were 
asked to drink 2 packs of Gl tea (3.0 g in 150 ml hot water) 15 minutes after 75 g oral 
glucose load.

The data in table 4 showed that drinking Gl tea immediately and 15 
minutes after oral glucose load (treatment I and treatment II) can significantly reduce 
plasma glucose (p = 0.035 and 0.004), while drinking Gl tea 30 minute after glucose 
load (treatment III) cannot reduce plasma glucose when compare to control group (p =
0.662). When the double concentration of Gl tea was used (treatment IV) in the study,
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the data showed that it can reduce plasma glucose better than one pack of Gl tea 
drinking (p = 0.000). The peak of glucose absorption of treatment I and II were 
significantly decreased approximately 10 and 11 % respectively, while treatment IV 
(double dosage) can reduce absorption peak about 25%. The peak of glucose 
absorption of treatment group III was unchanged, but at least it shows a tendency to 
reduce (2%) when compared with peak absorption of control group. Those data may 
indicate that Gl tea has a hypoglycemic effect, because it can reduce plasma glucose 
of the study groups.

เท Treatment III group, the subjects were asked to drink Gl tea after 30 
minutes of glucose load. We found that the Gl tea cannot reduce peak of absorption. 
Natalucci et al. 11061 studied a pattern of glucose absorption from OGTT and found that 
the average rate of glucose appearance into plasma will be highest at time 30-45 
minutes after glucose load. This is one of the possible answers that why drinking Gl tea 
at 30 minute after glucose load cannot reduce peak plasma glucose, because at 30 
minutes, glucose is already absorbed and transported via blood circulation and it is too 
late to intervene that mechanism.

Upon food consumption, the process of starch or carbohydrate digestion 
begins in the mouth when amylase เท saliva begins to break down carbohydrate into a 
disaccharide, maltose. After swallowing, the carbohydrates reach the stomach, which as 
a reservoir for food, squirting out small amounts into the intestines at intervals. เท the 
small intestine, where most carbohydrate digestion occurs, the starch is processed by 
the enzyme amylase and converted into maltose and sucrose. The maltose and sucrose 
are then absorbed into the lining cells of the intestine and are further converted into 
monosaccharide, such as glucose.

Polysaccharides and disaccharides must be digested to 
monosaccharides prior to intestinal absorption and the key players in these processes 
are the brush border hydrolases, which include maltase, lactase and sucrase. Dietary 
lactose and sucrose are ready for digestion by their respective brush border enzymes. 
Starch is first digested into maltose by amylase in pancreatic secretions and saliva. 
Dietary lactose and sucrose, and maltose derived from digestion of starch, diffuse into
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the small intestinal lumen and come into contact with the surface of absorptive epithelial 
cells covering the villi where they engage with brush border hydrolases:

• maltase cleaves maltose into two molecules of glucose
• lactase cleaves lactose into a glucose and a galactose
• sucrase cleaves sucrose into a glucose and a fructose

Alpha-glucosidase (EC 3.2.1.20) is an enzyme that hydrolyzes alpha 
glucosides to glucose. It is usually found at the brush border of the small intestinal 
epithelium, where it can hydrolyze oligosaccharides, trisaccharides, and disaccharides 
such as maltose to glucose and other saccharides for absorption. Alpha-glucosidase 
inhibitor can act as a competitive inhibitor of alpha-glucosidase, hence, it reduces the 
impact of carbohydrates on blood sugar.

เท this study, we test the alpha-glucosidase inhibitory property from Gl 
extract because alpha-glucosidase inhibition is one of possible mechanisms that can 
reduce blood sugar and many medicinal herb for diabetes have this property such as 
Rosa damascene (rose), Rosmarinus offinalis (rosemary), Pistacia vera (pistachio), 
Entada rheedii (African dream herb), and Albizia lebbeck (lebbeck-tree). ' " 08 We 
found that Gymnema inodorum leaves extract, both with water and methanol extraction, 
cannot inhibit alpha-glucosidase activity.

Our finding IS in accordance with the study of Sugihara et al. 11091 They 
investigated the antihyperglycemic action of a crude saponin fraction and five triterpene 
glycosides (gymnemic acids l-IV) derived from the methanol extract of leaves of 
Gymnema sylvestre R. BR. (Asclepiadaceae) เท streptozotocin (STZ)-diabetic mice. 
They also found that gymnemic acid IV (1 mg/mL) did not inhibit alpha-glucosidase 
activity in the brush border membrane vesicles of normal rat small intestines.

After digestion, glucose will be transported across the intestinal 
epithelium and absorbed into blood. Transportation of glucose through the apical of 
intestinal cells depends on the presence of secondary active Na+/glucose symporters, 
SGLT-1 and SGLT-2 which concentrate glucose inside the cells, using the energy 
provided by co-transport of Na+ ions down their electrochemical gradient. 3 The
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essence of transport by the sodium-dependent hexose transporter involves a series of 
conformational changes induced by binding and release of sodium and glucose, and 
can be summarized as follows:

1. The transporter is initially oriented facing into the lumen. At this point it IS 

capable of binding sodium, but not glucose.
2. Sodium binds, inducing a conformational change that opens the glucose

binding pocket
3. Glucose binds and the transporter reorients in the membrane such that the 

pockets holding sodium and glucose are moved inside the cell
4. Sodium dissociates into the cytoplasm, causing glucose binding to destabilize
5. Glucose dissociates into the cytoplasm and the unloaded transporter reorients 

back to its original, outward-facing position

The driving force for this symporter ia an electrochemical potential of Na+ 
across the cell membrane. 1น3) The mechanism responsible for maintaining the 
concentration of Na+ inside the cell membrane is Na /K pump. The Na /K pump IS found 
in membrane of many types of cells and it plays a very important role in maintaining 
membrane potential. The Na /K pump is a kind of active transport because normally, the 
cell contains relatively high concentration of potassium ions but low concentration of 
sodium ions. The Na /K pump will move 3 Na ions out of the cell for every 2 K ions 
pump into the cell. เท order to move the ions (Na and K ) against their gradients, energy 
IS required and this energy is supplied by ATP (adenosine triphosphate).
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Shimizu et al.l65 66) showed that the crude saponin mixtures extracted 

from Gl leaves can inhibit glucose absorption in the isolated intestinal tract and 
suppressed the increased blood glucose in rats. They found that triterpenoid saponin in 
Gl extracts can suppress the high K -induced contraction of intestinal smooth muscle 
which affected Na IK pump. When the pump is suppressed, the electrochemical 
potential of Na inside the cell is changed and affects the Na’-dependent co-transport 
system, and this is suggested to be the possible mechanism of the inhibitory effect of Gl 
on glucose absorption from the intestinal tract.

The insulinotropic action of the extract of G. inodorum was further 
investigated using INS-1 rat insulinoma cell line and immunoradioassay. We found that 
Gl extracts fail to increase insulin secretion from the INS-1 cell after incubating with Gl 
extract for 1 hour.

Differ from Gymnema sylvertre (GS), the native plant of central and 
western India, which was known as a potent antidiabetic plant and used in treatment of 
diabetes since Ayaravedic period, Gl cannot induce insulin secretion from beta cell of 
pancreas. GS, on the other hand, can reduce plasma glucose, using 4 possible 
mechanisms: 1) it increases secretion of insulin, 192941 2) it promotes regulation of islet 
cells, (9294i3 ) it increase utilization of glucose by insulin-dependent pathway, (93 94land 4) it 
causes inhibition of glucose absorption from intestine.!93,94,The possible mechanism that 
Gl is used to reduce plasma glucose level is the inhibition of glucose absorption from 
intestine.

Another possible mechanism for the lowering effect on blood glucose 
level of Gymnema inodorum may associate with incretin effect. Incretins are gut 
hormones which stimulate secretion of the endocrine pancreas and amplify glucose- 
induced insulin release11151. Major incretins are GLP-1 (glucagons-like polypeptide-1) 
and GIP (glucose-dependent insulinotropic polypeptide). GLP-1 is released from the 
intestinal L-cell of distal small bowel เท response to orally ingested nutrients and has 
effects on the endocrine pancreas, on the Gl tract 1 and in the brain. Incretin hormones 
with potent glucose-dependent insulinotropic effects on the pancreatic (3-cells, and 
inhibitory effects on the Gl secretion and motiliy, all these effects combine to lower 
plasma glucose and reduce glycémie excursions.1111 เท subjects with type 2 diabetes,



86
GLP-1 is active, but its plasma level decreases while GIP level is not decreased, but its 
activity is reduced or eventually lost.1116 191 The incretin effect refers to the increased 
insulin release from the beta cells of the pancreas in response to oral glucose and fat 
ingestion that is not found in intravenous glucose administration. (120' Nutrients entering 
the gut signals the pancreas to release more insulin and less glucagon. The incretin 
effect is likely related to the first-phase insulin response. Intravenous glucose challenges 
demonstrates a first-phase insulin release from the pancreas within 0-8 minutes, which is 
followed by a sustained delayed insulin response that is responsible for ultimate glucose 
homeostasis. The initial insulin response is blunted 3- to 4- folds in diabetic patients'117' 
and this suggested that restoration of this first-phase response may be important when 
treating type 2 diabetes. The first phase insulin response also augmented the second- 
phase. So when the first phase insulin release is lost, the second phase release is also 
blunted. The first phase insulin response may serve as a marker of beta cell function. 
Infusing GIP or GLP-1 into type2 diabetic patients recovers the first-phase insulin 
response'1211 and this suggests an importance in beta cell function. Gymnema inodorum 
may decrease blood glucose peak level by enhancing glucose-dependent pancreatic 
secretion of insulin in response to nutrients intake and /or inhibit glucagon secretion. เท 
our study the insulin level does not increase in glucose-induced INS-1 cells and this may 
be due to the in vitro condition and a short-term exposure. Further study on 
measurement of plasma insulin or C-peptide and glucagon level in human after meal 
and a longer period of Gl consumption will help illustrating or confirming this possible 
mechanism.

Oxidative stress produced under diabetic conditions possibly causes 
various forms of tissue damage. Many researches show the benefit of antioxidant in 
diabetes. Kaneto et al. 11,11 found that pancreatic beta cell mass was significantly larger 
in the diabetic mice treated with the antioxidant than the untreated mice. As a possible 
cause, the antioxidant treatment can suppress apoptosis mechanism in beta cell without 
changing the rate of beta-cell proliferation. Muangman et al. 11101 found that Gl extracts, 
especially fresh juice prepared, are high in antioxidant activity, determined by DPPH 
radical scavenging assay, deoxyribose degradation assay, hemolysis assay, and 
comet assay. The antioxidant property of Gl may be one of the possible beneficial
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e ffe c ts  o f G l in d ia b e tic  p a tie n ts , w ith  p re s e rv a tio n  o f b e ta -c e ll fu n c tio n  and  m a y  

in c re a s e  the  a m o u n t o f in su lin  u p o n  a long  -te rm  tre a tm e n t.

เท th is  s tu d y , w e  u se d  c o m m e rc ia l G l tea  b e c a u s e  it w a s  a p p ro v e d  by 

T h a i F D A  th a t th e re  is no  to x ic  s u b s ta n c e  a n d  c a n  be u se d  as a re g u la r  b e v e ra g e . To  

c o n firm  th e  s a fe ty  o f G l tea , w e  a ske d  a g ro u p  o f 20  h e a lth y  s u b je c ts  to  d r in k  o n e  c u p  o f 

o n e  p a c k  o f G l te a  d a ily  (1 ,5g  G l e x tra c t in 150 m l ho t w a te r)  fo r  a p e rio d  o f 28  d a ys  and  

e v a lu a te  fo r  fa s t in g  p la s m a  g lu c o s e  (F B G ) and  live r fu n c tio n  e n z y m e  p ro file  (A S T , A L T , 

A L P  a n d  G G T ) a t d a y  0 ,2 ,4 ,7 ,1 4 , 21 a n d  28. W e  fo u n d  th a t, G l te a  has no to x ic ity  to 

live r, b e c a u s e  all s u b je c ts ' live r p ro file  e n z y m e s  still re m a in  in n o rm a l leve l. F u rth e rm o re , 

G l tea  d id  n o t re d u c e  FB G  leve l in h e a lth y  h u m a n  a fte r a p e rio d  o f 28  d a ys  (ta b le  6) th a t 

m e a n s  d a ily  G l te a  c o n s u m p tio n  w ill n o t in d u c e  h y p o g ly c e m ic  c o n d it io n  in h e a lth y  

h u m a n .

T h e  h y p e rg ly c e m ic  m ilie u  in d ia b e te s  re su lts  in th e  fo rm a tio n  o f 

a d v a n c e d  g ly c a tio n  e n d p ro d u c ts  (A G E ) th a t p re d o m in a n tly  a c t th ro u g h  s p e c ific  

re c e p to rs , p a r tic u la r ly  th e  re c e p to r  fo r  A G E  (R A G E ). T w o  fu n c tio n a l p o ly m o rp h is m s  in 

the  p ro m o te r  o f th e  R A G E  g e n e  (-4 2 9  T /C  a n d  -3 7 4  T /A ) w e re  in v e s tig a te d  in th is  s tud y .

A  re la tio n s h ip  b e tw e e n  the  -4 2 9  T /C  and  th e  -3 7 4  T /A  g e n e  

p o ly m o rp h is m s  o f th e  re c e p to r  o f a d v a n c e d  g ly c a tio n  e n d p ro d u c ts  (R A G E ) g e n e  and  

the  d e v e lo p m e n t o f d ia b e tic  c o m p lic a tio n  in T h a i w ith  ty p e  2 d ia b e te s  w a s  in v e s tig a te d . 

เท th is  s tu d y , no a s s o c ia t io n  b e tw e e n  th e  -4 2 9 C , a n d  -3 7 4  A  o f th e  R A G E  g e n e  a n d  DM  

c o m p lic a tio n  w a s  o b s e rv e d . W e  fo u n d  th a t th e re  is no a s s o c ia t io n  b e tw e e n  -4 2 9 C  a lle le  

fre q u e n c y  a n d  -3 7 4 A  a lle le  fre q u e n c y  and  c o m p lic a tio n s  o f D M  in T h a i p o p u la tio n . O u r 

f in d in g s  a re  in a c c o rd a n c e  w ith  Xu e t al., 56 w h o  s tu d ie d  the  a s s o c ia t io n  b e tw e e n  -429  

T /C  a n d  d ia b e tic  re tin o p a th y  เท C h in e s e  p a tie n ts  w ith  T 2 D a n d  G lo b o c n ik  e t al. w h o  

s tu d ie d  th e  a s s o c ia t io n  b e tw e e n  -4 2 9 C  a n d  d ia b e tic  c o m p lic a tio n  in C a u c a s ia n  T 2D  

p o p u la tio n . B o th  s tu d ie s  fo u n d  no a s s o c ia t io n  b e tw e e n  -4 2 9  c a lle le  fre q u e n c y  and  th e  

c o m p lic a tio n  o f d ia b e te s . F u rth e rm o re , K irb is  e t a l., (2 0 0 4 ) fo u n d  th a t -4 2 9  T /C  has no 

a s s o c ia t io n  w ith  c o ro n a ry  a r te ry  d is e a s e  in S lo v e n e  T 2 D  p a tie n ts . D os S a n to s  e t al., 

(2 0 0 5 ) a lso  fo u n d  no re la tio n s h ip  b e tw e e n  th e  -4 2 9 C  and  -3 7 4  A  o f th e  R A G E  g e n e  and 

d ia b e tic  re tin o p a th y , n e u ro p a th y , a n d  is c h e m ic  h e a rt d is e a s e  in C a u c a s ia n  T2D .



W h e n  c la s s ify  th e  c o m p lic a tio n  o f D M  in to  g ro u p s  o f e a c h  c o m p lic a tio n , 

s u c h  as n e p h ro p a th y , re tin o p a th y , n e u ro p a th y , c o ro n a ry  a r te ry  d is e a s e , c e re b ro v a s c u la r  

d is e a s e , a n d  sk in  d is e a s e , w e  s till fo u n d  no a s s o c ia t io n  b e tw e e n  th e  -4 2 9 C  a n d  -3 7 4 A  

g e n e  p o ly m o rp h is m  a n d  th e  c o m p lic a tio n  o f DM .

H o w e ve r, H u d s o n  e t a l., (2 0 0 1 ) re p o rte d  a p o s it iv e  a s s o c ia t io n  b e tw e e n  - 

4 2 9 C  a ile le  a n d  d ia b e tic  re tin o p a th y . (84"85’ T h e  o ve ra ll re s u lts  se e m  to  p o in t to  an 

a b s e n c e  o f a s s o c ia t io n  b e tw e e n  e ith e r  -4 2 9  T /C  o r  -3 7 4  T /A  p o ly m o rp h is m s  a n d  d ia b e tic  

c o m p lic a tio n s  in ty p e  2 d ia b e te s . H u d s o n  a lso  fo u n d  no  a s s o c ia t io n  b e tw e e n -4 2 9 T /C  

p o ly m o rp h is m  a n d  ทาa c ro v a s c u la r  d is e a s e  in D M  p a tie n t. H o w e v e r, a s tu d y  c a rr ie d  o u t 

on  p a tie n ts  w ith  ty p e  1 d ia b e te s  ha s  d e m o n s tra te d  a d e c re a s e d  r isk  o f h a v ing  

p ro te in u r ia  a n d  c a rd io v a s c u la r  d is e a s e  a m o n g  th e  A A  h o m o z y g o te s  c o m p a re d  w ith  th e  

T T  o r T A  g e n o ty p e  o f -3 7 4  T /A  p o ly m o rp h is m . (P e tte rs s o n -F e rn h o lm  e t a l. ,2 0 0 3 ). ,88) 

M o re o v e r, F ic a lc o n e  e t a l. (2 0 0 4 ) l95) fo u n d  an a s s o c ia t io n  b e tw e e n  -3 7 4  A A  g e n o ty p e  

a n d  a d e c re a s e d  r isk  o f c o ro n a ry  a r te ry  d is e a s e  in n o n -d ia b e tic  Ita lian .

H u d s o n  e t a l. had  o b s e rv e d  th a t th e  -4 2 9 C  a n d  -3 7 4 A  a lle le s  had  a 

m a rk e d  e ffe c t on  tra n s c r ip t io n a l a c tiv ity  184 85), a n d  a v e ry  c le a r  d if fe re n c e  in tra n s c rip t io n  

fa c to r  b in d in g  w a s  o b s e rv e d  b e tw e e n  th e  -3 7 4 T  a n d  A  a lle le s  in v itro . 96104 T h is  fin d in g  

s u g g e s ts  th a t th e  -3 7 4 T /A  p o ly m o rp h is m  is in fa c t fu n c tio n a l, a n d  it m a y  in v o lv e  in th e  

p a th o g e n e s is  o f d ia b e tic  c o m p lic a tio n s . H o w e v e r, in o u r  s tu d y , w e  h a ve  n o t fo u n d  a n y  

a s s o c ia t io n  b e tw e e n  th e  -4 2 9 T /C  a n d  th e  -3 7 4 T /A  p o ly m o rp h is m s  a n d  th e  d ia b e tic  

c o m p lic a tio n , so  it is m o s t lik e ly  th a t th e  g e n e tic  m a k e  up  o f d iffe re n t e th n ic s  p la y  

im p o rta n t ro le  fo r  th is  v a r ia t io n .
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