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Many therapeutic drugs and lipophilic chemicals are primarily metabolized and eliminated by 
the process of glucuronidation, the addition of water soluble · glucuronic acid to the drug or 
chemical to aid in its excretion. This process is catalysed by the UDP-glucuronosyltransferase 
(UGT) superfamily of enzymes, of which there are 16 known functional forms in humans. 
Defects or differences in the expression of these UGTs between individuals may alter the 
capacity to eliminate drugs and chemicals, leading to adverse reactions and toxicity. As the 
liver and gastrointestinal tract are major sites the removal of drugs and chemical toxins by 
glucuronidation, understanding the mechanisms that regulation UGT expression in these two 
organs may aid in the minimization of drug and chemical-induced toxicities. 

Expression of the hepatic UDP glucuronosyltransferases UGTl A 1, UGTl A3, UGTl A4, 
UGT1A6, UGT1A9, UGT2B4, UGT2B7, UGT2Bl5, UGT2Bl7 and UGT2B28 varies 
widely between individuals. This variability is in part caused by coding region 
polymorphisms that alter catalytic function. However, as assessed by measuring UGT mRNA 
levels, a major factor contributing to variable UGT expression in the liver is likely to involve 
differences in the regulation of UGT genes. Several transcription factors that regulate UGT 
gene expression in liver cells have been identified. These include positive regulators of UGT 
gene expression such as Hepatocyte Nuclear Factor I a (HNF la), CAA T Enhancer Binding 
Protein a (C/EBPa) and Octamer transcription factor-I (Oct-1) as well as negative 
regulators including the Pre B Cell Homeobox factor (Pbx) and its dimerization partner, Prep. 
Differences in the interaction and binding of these transcription factors to UGT promoters 
may control the steady state levels of the encoded enzymes in the hepatocyte and may 
contribute to their variability between individuals. 

A second major site of drug metabolism is the gastrointestinal tract. Although most UGTs 
found in the liver, are also present in the gastrointestinal tract, three UGTs, UGT1A7, 
UGT1A8 and UGTIAIO, are exclusive to the gastrointestinal tract. The interplay between 
HNFla and an intestine specific transcription factor, caudal related homeodomain protein 2 
(Cdx2) appears to be responsible for the tissue specific expression of UGT I A8 and 
UGTIAIO. The factors governing UGT1A7 expression are unknown. 

Members of the Nuclear Receptor superfamily of transcription factors also regulate UGT 
expression, as exemplified by the regulation of some UGT genes by the pregnane X receptor 
(PXR). Many drugs and dietary constituents are ligands for these receptors and thus exposure 
to these compounds is also likely to contribute to variable UGT content in the liver and 
intestine. Knowledge of UGT promoter elements and the proteins that bind to these elements, 
as well as knowledge of polymorphisms that alter their function, may aid in the prediction of 
an individual's response to chemicals and in the prediction of the efficacy of drug therapies. 
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PHARMACOLOGYOFTAURINE 

Professor Dr. Stephen W. Schaffer 

Department of Pharmacology, University of South Alabama 
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Thai J Pliarmaco/ 

Today I would like to discuss the regulation of apoptosis by angiotensin II and the amino acid, 
taurine. The amino acid, taurine, is found in very high concentrations in most tissues, although it appears 
to be highest in excitable tissues. When the intracellular concentration of taurine is dramatically 
decreased, several defects begin to develop. These include a retinopathy, a cardiomyopathy and immune 
deficiency. The basic mechanism underlying these defects is poorly understood. 

FIGURE I 
It has been established by Novotny and coworkers, that the cardiomyopathy is characte1ized by 

abnormalities in both systolic and diastolic function. In the taurine deficient cat, the initial abn01mality to 
develop is diastolic dysfunction. This defect is illustrated in the First slide taken from the work of 
Novotny et al. showing a P-V relationship for the taurine deficient and n01mal heart. You can readily see 
that the taurine deficient heart is shifted to the right, indicating that the heart is more complaint. In other 
words, it tends to be flabby. Echocardiographic studies by the same group reveal an increase in chamber 
volume, leading Novotny and coworkers to suggest that taurine deficiency causes an eccentric fo1m of 
hypertrophy. 

FIGURE2 
This fo1m of hypertrophy is associated with an increase in both the cross-section area and the length of the 
myocyte. Thus, tamine deficiency affects the cell's ability to synthesize protein. 

It is widely accepted among cardiac researchers that two important factors contribute to the 
development of hypertrophy in the hea1t. One of the mechanisms involves cell stretching. When cells are 
stretched, several signaling pathways are initiated within cells that culminate in the activation of 
hype1trophic effectors, such as the MAP kinases, the early response genes and the JAK/Stat pathway. 
The other mechanism linked to the development of hypertrophy is the upregulation of neurohumoral 
agents. One of the most imp01tant of these agents is angiotensin II. It has been shown that over­
expression of angiotensin II type I receptor induces cardiac hype1trophy and remodeling. Moreover, 
reducing either the production of renin, the conversion of angiotensin I to angiotensin II or the activation 
of the angiotensin II receptor prevents the development of hypertrophy. In this regard it is imp01tant that 
the ACE and angiotensin II receptor inhibitors are mainstay therapy in congestive heait failure. 

In addition to promoting hype1trophy, angiotensin II also induces apoptosis. Although there is 
considerable debate regarding the contribution of apoptosis to the development of overt heart failure, 
there is no dispute that apoptosis is observed in the failing heart. In fact, in one study the number of 
apoptotic cells in the failing heart approached 35.5%. According to some investigators the extent of 
apoptosis is directly coITelated with the severity of heart failure. Moreover, the h·ansition from 
compensated hype1trophy to ove1t heait failure is associated with the loss of cardiomyocytes, as apoptotic 
genes become upregulated. Thus, it is logical to assume that angiotensin II-induced apoptosis might 
contribute to ventricular remodeling and onset of overt heart failure. 

Despite the potential importance of angiotensin II-induced apoptosis to the failing heart, the 
mechanism underlying the development of apoptosis is poorly understood. Anversa and coworkers have 
suggested that the activation of calcium-dependent nucleases is important in development of angiotensin 
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IL However, the cleavage of DNA occurs in the latter stages of apoptosis. We favor the hypothesis 
advance Griendling and coworkers who have shown that angiotensin II activated NADPH oxidase, 
leading to the generation of reactive oxygen species. 

FIGURE3 
They went on to propose that reactive oxygen species activate JNK, which in tum promotes 

apoptosis. However, this scheme appears to exclude several impm1ant steps. Therefore, our initial goal 
was to identify some of these missing steps. Since oxidative DNA damage is common, we first explored 
the possibility that angiotensin II might cause DNA damage. 

The technique used to examine DNA damage utilized Southern blot analysis. DNA was isolated 
from myocytes exposed to medium containing or lacking 1 nM angiotensin II. 

FIGURE4 
The DNA was digested overnight with the restriction enzyme, Barn HII. The samples were then exposed 
to 0.1 N NaOH, which had a two-fold effect. First, the NaOH cleaved the DNA at sites of base 
modification. Second, it weakened the interaction between the two strands of DNA, allowing separate 
migration during electrophoresis. After a transfer and an autoradiography step, the intensity of the 
prominent 10 kbase DNA band was dete1mined. The frequency of stand breaks was calculated from the 
intensity of the high molecular weight band. 

The next slide reveals that isolated cardiomyocytes exposed to 1 nM angiotensin II experience 
significant mitochondrial DNA damage. 

FIGURES 
While control cells contained only high molecular weight DNA, cells exposed to l nM angiotensin II 
exhibited reduced levels of the 10 kbase strand. Although not shown on this slide, the angiotensin II 
treated cells contained significant levels of lower molecular weight species, clear evidence of strand 
breaks. However, after 24 hours of incubation, much of the DNA damage had been repaired. 

Angiotensin II-induced DNA damage was prevented by inclusion of the NADPH oxidase 
inhibitor, diphenylene iodonium (DPI), in the incubation medium. 

FIGURE6 
This effect was seen at all three time-points. Note that DPI had no effect on the control cells. 

These data suggested that superoxide plays a central role in angiotensin II-mediated DNA damage. 
However, it has also been reported in the literature that angiotensin II promotes the upregulation of the 
inducible fmm of nitric oxide synthase. Therefore, nitric oxide or the combination of nitric oxide and 
superoxide, namely peroxynitrite, might cause the DNA damage. To examine the role of iNOS in 
angiotensin II-mediated DNA damage, the cells were incubated with medium containing both angiotensin 
II and the iNOS inhibitor, aminoguanidine. 

FIGURE 7 
As seen on this slide, cells treated with angiotensin II and aminoguanidine exhibited no DNA damage. 

Work in our depai1ment had shown that nitric oxide modifies DNA by causing the deamination of 
purines, whereas superoxide caused extensive modification of thymine and guanine. To identify the type 
of nucleotide damage, as well as the pattern of angiotensin II-meidated DNA damage, LM-PCR was 
performed on a 200 bp stretch to mitochondrial DNA isolated from cells treated with angiotensin II. The 
pattern of damage in these cells was compared with cell treated with nitric oxide, superoxide or 
peroxynitrite. The pattern of damage is shown on the next slide. 

FIGURE 8 
Some of the DNA was treated with 0.1 N NaOH to cleave DNA at the site of basic modification. Others 
were subjected to LM-PCR without NaOH treatment. The sequence of bases in the region examined is 
shown on the far left. Note the sequence of 3 guanines. These 3 bases are modified by xanthine 
oxidase/xanthine (a superoxide generator). However, only two of the 3 guanines are modified by nitric 
oxide, peroxynitrite or angiotensin II. We replotted the data using the Maxim-Gilbe1t sequencing ladder, 
as seen on the next slide 
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FIGURE9 
The damage is represented by the bars, with the height of each bar indicating the degree of base damage. 
Note that superoxide caused the greatest damage and nitric oxide the least. Pat1icularly obvious from this 
slide is that the pattern of damage is nearly identical for peroxynitrite and angiotensin II. Therefore, we 
concluded that peroxynitrite is the oxidizing agent responsible for angiotensin II-mediated DNA damage. 

DNA damage is known to activate the suppressor gene, p53, tlu·ough a series of phosphorylation 
reactions. 

FIGURE 10 
In agreement with its effects on DNA damage, it was found that angiotensin II enhanced the 
phosphorylation of p53 at one of its phosphmylation sites, serine 20. This phosphorylation reaction is 
impo1tant, not only because it enhances the activity of p53, but also because it prevents its turnover. 
Phosphorylation of p53 at another serine residue, serine 15, was also promoted by DNA damage. 
Unfortunately, DPI interfered with the phosphorylation of both serine 15 and se1ine 20, however, we were 
able to detect an effect of aminoguanidine on the phosphorylation of serine 15. 

FIGURE 11 
While angiotensin II stimulated the phosphorylation of serine 15 by 75%, aminoguanidine reduced the 
enhancement of phosphmylation to about 30%. Therefore, we were able to conclude that iNOS 
contributed to the activation of p53, although the effect of NADPH oxidase was inconclusive. 

One of the impo1tant functions of p53 is to stop replicative DNA synthesis, allowing time for the 
cell to repair any DNA damage. If a cell is unable to repair the DNA damage, p53 promotes the cell's 
death via apoptosis. In a previous study, Offer et al showed that the level of accumulated DNA damage 
determines whether p53 promotes DNA repair or induces apoptosis. One way the cell recognized the 
degree of DNA damage is the phospho1ylation pattern of p53. We hav:e not fully explored the 
phospho1ylation status of p53 fo1m the angiotensin II-treated cells. Nonetheless, we do know that 
approximately 1 base/JO kbases are modified by angiotensis II. This amount of DNA damage appears to 
be sufficient to activate the apoptotic cascade. 

P53 can function as a transcriptional activator and as a transcriptional repressor. 
FIGURE 12 

Both prope1ties have been implicated in p53-mediated apoptosis . One of the targets of transcriptional 
activation is the pro-apoptotic factor, Bax. Bax is a member of the Bcl-2 family of proteins and is capable 
of interacting with mitochondria, causing the release of cytochrome c. As we will discuss later, 
cytochrome c is a key step in the i1~itiation of apoptosis. Because of its role as a key regulator of 
apoptosis, the content of Bax was dete1mined in cells prior to and following exposure to medium 
containing angiotensin II. As seen in the slide, angiotensin II elevated Bax content. This upregulation of 
Bax was blocked by DPI, indicating that the activation ofNADPH oxidase was responsible for the 
increase in Bax content. 

Although the increase in Bax content was highly significant, the effectiveness of Bax in promoting 
apoptosis also depends upon the cellular levels of the anti-apoptotic Bcl-2 family members. 

FIGURE 13 
These proteins, of which Bcl-2 is a prototypic member, are capable of interacting with Bax, 

thereby neutralizing its activity. Moreover, Bcl-2 interacts with the mitochondria, preventing cytoclu·ome 
c relase. Since p53 downregulates Bcl-2 in breast cancer cells, it was logical to assume that angiotensin II 
might also reduce Bcl-2 levels in the myocyte. The effect of angiotensin II on Bcl-2 was time-dependent, 
with levels falling within 1 hr and rebounding thereafter. 

The effect of DPI on angiotensin-mediated alterations in Bax and Bcl-2 are shown on the next 
slide. 

FIGURE 14 
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After 6 hr of angiotensin II exposure, Bcl-2 levels fell about 15% and Bax levels were increased about 
25%. The Bax/Bcl-2 ratio was elevated about 40%. DPI had no effect on the ratio in the absence of 
angiotensin II, but it completely blocked the elevation in the ratio mediated by angiotensin II. 

The effects of Bax and Bcl-2 are mediated by the mitochondria. 
FIGURE 15 

Bax can interact with the mitochondria to open pores that lead to the release of cytochrome c. In the 
cytosol, cytochrome c interacts with the protein, apaf-1, which in the presence of dA TP can activate one 
of the initiating caspases, caspase 9. The initiating caspases are proteolytic enzymes that activate effector 
caspases •. such as caspases 3, 6, and 7, which in turn cleave imp01tant proteins, causing apoptotic cell 
death. Bcl-2 and Bax regulate this process by altering the release of cytochrome c from the mitochondria. 

If angiotensin II acts through this mitochondrial mechanism, it should cause the activation of 
caspase 9. 

FIGURE 16 
However, there are two other mechanisms that could consequently account for angiotensin II-induced 
apoptosis . One is a receptor mechanism, which leads to the activation of caspases 2 and 8. The other is 
an endoplasmic reticular mechanism that leads to the activation of caspase 12. 

This slide shows that in the angiotensin II treated cell, pro-caspase 9 is converted to caspase 9. 
FIGURE 17 

Western blot analysis revealed that the content of two cleavage products (the 40 and 38 kD bands) were 
elevated in angiotensin II treated cells. Pro-caspase 9 is the 50 kD band. When the data were expressed 
as the active caspase 9/pro-caspase 9 ratio, it was concluded that angiotensin II caused a 25% increase in 
the conversion of pro-caspase 9 to caspase 9. This observation is consistent with the TUNEL assay, 
which showed that angiotensin II caused 12% of the cells in culture to undergo apoptosis. 

These data allow us to modify the original scheme of Griendling, as shown on the next slide. 
FIGURE 18 

We now suggest that angiotensin II activates NADPH oxidase, which is responsible for the generation of 
free radicals. These reactive oxygen species cause DNA damage, leading to the activation of p53. 
Tlu-ough transcriptional activation, Bax is upregulated. Bax in tum acts tlu·ough the mitochondiral 
mechanism to initiate apoptosis. 

I would like to now discuss the potential impo1tance of this mechanism as it relates to taurine 
deficient hea1t failure. It has been shown that cats made deficient of the amino acid, taurine, develop a 
cardiomyopathy. It is our feeling that this cardiomyopathy is caused by the potentiation of angiotensin II 
action. Since angiotensin II induces apoptosis and heart failure has been linked to apoptosis, we proposed 
that taurine deficiency must potentiate angiotensin II-induced apoptosis. To study this hypothesis, taurine 
deficiency was produced by incubating isolated cardiomyocytes with medium containing the taurine 
transport inhibitor, B-alanine. After tlu·ee days, the cellular content of taurine was decreased by 50%. 
The cells were than incubated for either 12 or 24 hours with medium containing 1 nM angiotensin II. 
Two measures of apoptosis were evaluated: TUNEL staining and caspase 9 activation. We found that 
about 12% of the control myocytes exhibited the characteristic brown staining pattern of TUNEL positive 
cells. 

FIGURE 19 
Exposure of the cells to angiotensin II increased the number of apoptotic cells to 24%. B-alanine 

treatment did not increase the number of TUN EL positive cells in the absence of angiotensin II. However, 
24 hours after exposure to angiotensin II, 35% of the cells were TUNEL positive. 

The next two slides show that the activation of caspase 9 was more complete in the B-alanine 
treated cells exposed to angiotensin II. 

FIGURE 20 & 21 
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While the caspase 9/pro-caspase 9 ratio was significantly increased in n01mal cells treated with 
angiotensin II, the extent of activation was enhanced in the tamine deficient cells exposed to angiotensin 
II. These data clearly show that taurine deficiency potentiates angiotensin II-induced apoptosis. 
The question then becomes - How can taurine affect angiotensin II-induced apoptosis? 

FIGURE 22 
The next slide shows the chemical structure of taurine. It is a simple compound, with an amino 

group and a sulfonic acid moiety. Based on its strncture, it is obvious that taurine carmot be a scavenger of 
most reactive oxygen species. An exception is HOC l, which reacts with the amino group of taurine to 
form taurine chloramine. Although taurine is not a direct scavenger of free radicals, the literature is full of 
examples in which taurine limits either oxidative stress of the consequences of oxidative stress. Therefore, 
taurine affects some other event in the signaling pathway of angiotensin II. 

One possibility is that taurine affects the extent of angiotensin II-induced DNA damage. This 
possibility was addressed by analyzing DNA damage using Southern blot analysis. 

FIGURE23 
Exposure of cells to medium containing 20 mM taurine had no effect on the frequency of strand 

breaks observed l hour and 3 hours following exposure to 1 nM angiotensin IL However, taurine 
treatment did affect the extent of DNA damage seen after 24 hours of angiotensin II exposure. At the 
latter time point, DNA repair reduced the frequency of strand breaks form 1/lOkbases to0.4/10 kbases in 
untreated cells exposed to angiotensin II. The frequency of strand breaks was reduces fmther to 0.1/ 10 
kbases in the taurine treated cells. Although these data suppo1t the notion that taurine affects DNA repair, 
the effect is not large and unlikely to be the primary site of taurine action. 

Taurine also reduces the degree of p53 activation. 
FIGURE 24 

While there was a significant increase in the degree of p53 phosphorylation at serine 20 in 
untreated cells exposed to angiotensin II, this effect was dramatically attenuated in cells pretreated with 
20 mM taurine prior to exposure to I nM angiotensin II. 

P53 is capable of inducing apoptosis tlU"ough several mechanisms. As discussed earlier, one of 
these mechanisms involves the upregulation of Bax. 

FIGURE 25 & 26 
We found that while angiotensin II treatment elevated Bax content in the untreated cell by 60%, 

Bax levels rose more than 2 fold in the B-alanine treated cell exposed to angiotensin II. Nonetheless, this 
impressive effect was somewhat muted by an upregulation of Bcl-2 in the taurine deficient cell. As a 
result of the increase in Bcl-2 content, the Bax/Bcl-2 ratio increased 55% in the B-alanine treated cell 
exposed to angiotensin II rather than the 2-fold increase that would have occmTed without the elevation in 
Bcl-2 levels. 

FIGURE27 
Release of cytochrome c from the mitochondria can involve either Bax-linked pores or the 

mitochondrial pem1eability transition pore. The penneability transition pore consists of at least three 
components, voltage dependent anion charmels (VDAC), adenine nucleotide translocase (ANT) and 
cyclophilin D. When the three are coupled to fo1m the pore, a collapse of the membrane potential, 
mitochondrial swelling and rnpture of the outer mitochondrial membrane ensues. This pore is regulated 
by a number of factors, including protein kinase C-epsilon. 

Therefore, we examined the effect of taurine and angiotensin II on protein kinase C-epsilon 
content. 

FIGURE 28 
Angiotensin II elevated the membrane content of protein kinase C-epsilon by 25% in the no1mal cells and 
by 50% in the B-alanine treated cells. The angiotensin II-mediated translocation of protein kinase C­
epsilon was also promoted by taurine deficiency. Because this effect would be considered cytoprotective, 
it would not contribute to the taurine deficient cardiomyopathy. 
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In summary, angiotensin II appears to induce apoptosis through a mechanism involving the 
activation ofNADPH oxidase. 

FIGURE29 
We propose that the generation of reactive oxygen species leads to DNA damage. As a result, p53 

is activated. Although p53 can induce apoptosis through several mechanisms, the upregulation of Bax 
appears to contribute to angiotensin II-induced apoptosis. Finally, taurine inhibits angiotensin II-induced 
apoptosis by interfering with the activation of p53. 
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Potential Drugs for Neurodegenerative Diseases 

ABSTRACT 

There has been remarkable progress in the study of the causes, the pathogenesis, 

and the mechanism of cell death in neurodeneurodegenerative diseases such as 

Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis, and 

polyglutamine diseases. Several new therapeutic approches, which are more closely 

targeted to the pathogenesis of the disease, are being explored. This review 

summerizes the development of these potentially disease modifying treatments. 

hfl 1untji.J neurodegenerative disorders Mffi Lrflfl'l1i.JL~1m.J'll'tl'3r:;uutlr:;~1V1 LU'WU ()JM1 

~1iii'tl.)1'Wu9iuu tlr:;inru'l1il~~tl'lmllutrfl~i.J'tl'3L~'lli.J'llu~ Alzheimer's 'tltjnr)1 25 ~1Uflu1u 
,, 

fon ~tl'lmilutrn Parkinson's disease ~nnr)1 5 ft1'WflU ~tl'lmM~10fi'flU1~tl.JL~U 
' ,, 

m1i.J~1i.J1rn 1umr'll'lu m~'t1VJUL't1'3 'r1111X'll1V1~ru111v11umr~1 Lilumvi LU1N91n d'.lutrn L1't1f'3 

~U'lUPl'll'1VIUYJ n'llm>-11uiutjLU'WL'lft1U1'W 1<Dfl111f~1u~'1 m~1~fo n1rtl't1>-Jfo1m<i!~ ~1Ul-J1 LYiU-3 

f'IVIM1iu'll:;ft'tlm mrnM1'1'tl'tln'1J'tl'1 tr fl tviu LL ·rmhlil~f'llil'flmr~1 Lilu'll'tl'1 tr fl 91nfl'l1Wl1'lMW1 
,, ' 

~1l-!1rcm~ ~tl'1 n11~1U'll11'3 L 'l!f'!fttl1:;~1V1
1

l~ Cl'1 LLl!9:;il fl'.11>-J'r'i U1U1l-J'ilU1'3~-:J 1un 11W '1J.JU1U1 L ~'i) 
,, 

'll'lu m~'tl~tl'luntjiiO 
,, ,, I 

uV1m1i.Jih:;n~1'ln'3m1mJM1't1LLU'lV11'31<D'm1u~tl'luntji.J01ulf9iuu ~11Yit1tj1u1:;MrJ1'3 
' ' ,, 

mrn~~'tluYii.h~tilr.i niiltlr.iun'3LLU'lV11'3LUn11~mJU1~111m.J1 ~'3'll1"lU1Ltl~n11U't1'3rlU/M~Vltl-l 
I I I SI 

fl'l1l-J ~ ~tJ n~'ll'tl-3L'l!ftfttl1:;~ 1VIM11l LYii.J L 'llf'!fttl1:;~1V1 LW1l'll~ L'llU nu L'l!ftftYi~ ClJ L~u1tl1u L1fl ntji.Ju 

Neurotrophic Factors 

Ln't1'3"l1ngrowth factor Mf'l1U'llU~~il~f'l~'tlL'l!f'lfttl1:;~1V11iJ'l19:;LilW nerve growth 

factor(NGF) brain-derived growth factor(BDNF) ciliary neurotrophic factor(CNTF) glia line-
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derived neurotrophic factor(GDNF) insulin-like growth factor(IGF) NT-3 ~1'li1i:.Jfl~.1Eh'linn~'il 
... 

m n "ltcy L~1J LVl'll'tN L 'l!ftitJ 1::~1V1l1'l 1uirn'il VIVI lil fl'il\l LLfl ::1 urn'l ::tl n~ i1 r.JflU'il\l nuL 'llflitJ1::~1Y1 ~'ii 

111'l::~1..,1 nii11huo'l animal model \.lfl1t1'llUV1 9'li1\.lfl1t1n~i1Yitntniitl1ii11-iilum1fnii1 

neurodegenerative diseases 'ilU1'lhn~i:.J'Ci~L~Ln'ilU~\l\.liJVll°i'iluif1'3ti1CJV1W)\l Lzj'il~1LflVl"l1n 
ifcy\.11lum11~'lfi~1-i!lil~1ii11C1tl1 neurotrophic factors 'l!Ulil~1\l~1U blood-brain barrier Lif1~ 

L'l!ftith::~1Vll~ 1 

91 nf'J'l1Ml1'l\.IU1 LULL~ gene therapy "t111\XiJ\.IUYl1\l~"l::LLnL'llif '1J\.11n11U1 neurotrophic 

factors Lih~L'l!fiiLil1\.lil1ll m11-ilviral vector U1Yi1gene 'll'il\l neurotrophic factor 1~i:.J'CiVlU1~\l 

Yi'il1r.:i1U~VlrlVllilft'il\lL'llu m11'if adenoassociated viruses (AAV)L~'ilU1 IGF Lif1~ motor neurons 

1u~VlrlVIVlft'il'll1"1ALS 2·
3 ~n'lfi~1-Dh.1mrnnl'llifcy\.11n1rtl1 neurotrophic factor L4"'11tl1uCNS ~'ii 

~r1\lL'llfti~~r1\l neurotrophic faciorLL~'ltl\1nil'l1n~u1L'lruLil1\.li11t1 L'llu L•rni~mt'l CNTF 1u 

animal model 'll'tN Huntington's disease(HD) 
4 

n1'ibb~'J./J'Vl1 Neuroprotective Agents ~u -i 

LV1t1i'l'ttln'l LL~u~1lilV111u nft 1n~41 L Yi1 ::utii'lil'll'il\l mrmm'il'l L'l!ft6tlr::~1Y11uLL~ft:: Lrf'l 

if"l4'UT'lil\.lft1ll1'ilU1\l nft'tm'llu 1 )oxidative stress 2)mitochondrial dysfuntion 3)1nflamation 

4)excitotoxicity 5)"1'l1iJCJlilun~'ll'il\ltrophic support ~1'li1\.l~n31u~1'il1r.ii1i'4'lUL~EJ'l4"''il'lLULn'ilu 

~n hf'l 1un~iid ~11~i1 r.iftul'ilnft1lnul1'3109'lm"l~ntl1ii11-i!t~u\.l'Ci1U1 Lrn 
... I r 

U'il n91 nunu'liJ~11~ n41U'lUil1 nno\l LL~U\lLilYl 111.J n ft 'tn n11'il'il n qVlfi LluJYitJ~1iJ 

iJ 1::~V1fl/11Yi1 Un11U'il \l rlUn11Vl1ll'll'tN l "lift 61.J r::~1VI 1 U\.lft'il VIVI lil fl'il\l \.I 1'iliJ if 'ii~ fll'l1~ 1t1J 1 VlilVlt.11 

~iru~itu~1m9iJ C-Jft ul'il mr~1 LUu hf'l "t111\X Lllu~~uh~"l::tl1i11V1lilft'tN1-illu~tl'lu n~iid 'iltl1'3 hii 

~ri'ilU"l::'t~fu n11ll'iliJfu1\Xtl1ii11-il'iltl1\ln'l1\l'll'l1\li1"1'l1iJ41 LUU~'il\l"t11clinical trial 'IJU11il L\.laj 

LU'il'l"l1ni1candidate 41u'lumn41LUU~'il\l{lilii1~Uf'l'l1i1~1"1cy unlli''l'ilU1\lL'llu "nnm1~911ru1 
~11~i1 LLU'l LUiJ"l::i1iJ1::~Vlfl/11Yi1Un11flliln11Vl1ll'll'il\l L"l!ft1.h::~1Yl 59 'llUlil ~'t~fu n11~ w.JU1il1 

U1UYi'il~i!f'l'lT \.11'ilL~fum1fuT'il\lL~-illULTf'l~ULL~'l1uu2003 Committee to Identify 
I ...... 

Neuroprotective Agents in Parkinson's (CINAPS)~\l ~n4'Vl lli''l~ULV1 £J National Institute of 

Neurologic Disorders and Stroke (NINOS) 
1l~f'i'li1Lft'iln~1112 'llUV1~1LUU~11~U1~UU~tiULUn1T 

vhclinical trial LVlll'il1PYlifOlru~iiu-ii'lJ'il\l~11L'llU iJV1ql!tlJ~uu~"Unft'tnm1'il'ilnqV1t°, ~1U blood-
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brain barrier 1Jl~ i'.lifti>JftLULL~l'l'l1l-Jtlft'iW1rltlLVit1'lVrn, 1Jlr.iftLU animal models M'1'ilLUl'lU
5 ~1? 

" m~hUL~LLri 

Caffeine i'.l~Yliflii'il adenosine receptor n'ILL~El'ILilm1unftLn~Yi1t~i'.lr.iftLULL~ neuroprotection 

caffeine LLft~ specific A2A receptor agonist l<W-6002 !ii1'1~1l-!1rnft~n1Wl1U'lJ'il\IL'i!~tl?~~1YlL~ 

'lu MPTP models6
·
7 

Co enzyme Q 1 O L~l-1 activity'll'il\l mitochondrial complex I LLft~vl1MU1~antioxidant. ~1l-l1rn 

'l~~O\l 1,200 mg !ii'tlilu'l~u~u\ltlft'tl~rltl 1'll-l~'lilM~n31uLtl'il\l~U11'll~ft'il functional decline 

~'11'~ 'l~uUnified PD Rating Scale LUl'lUL-if PD ~L~\IL~fum1'lih'il'u8 

' " Creatine LUU~1?'il1M11L~1'l-l nftLnm?'il'iln~YlfiLUUindirect antioxidant LL~~ElUU\l mitochondrial 

permeability transition. ilr.i~U'CNrlUn1?l111U'll'tl\IL'i!ft~tl1~~1·Yltu MPTP rodent models lu 
.J 

transgenic Huntington's disease (HD) LL~~ Amyotrophic lateral sclerosis (ALS) models Ll-l'il 

" 1~ 1 - 2% 'll'il-l'il1M1?L~utl1Mun. tl~'tl~ti'ul~l~o-l 20 glii'ililu 

Estrogen (17 B estradiol). r.nnm1~mn'lu~1u1~u1~'lYltntiu11~'Jl1uilL'flm~Ln~h~PD 

mnn11~M~\l Yi1l~ilmrn'tl'IU1 sex hormone inH1uPD ViU11 estrogens ilr.ift 

neuroprotection lu animal models
9 'il1"1LUULVi11~ neurotrophic effects, synaptic plasticity, 

" " I 

M1'll antioxidant effects. 'Dth'l11n~~11luntji.ii11~r.i~-if1'3L~U'l'ri''llul1ti'lltl11-l LL~~r.Jft!ii'flM~'D~ 

L~'D~ nonfeminizing analogs 'il1"1U1~UL"ln11 
,.. 

GM:.1_ l~~J~.,,\lneuroprotective LLft~ neuro-restorative tu animal models. LUUfl'lutl1~n'DU'lJ'il\l 

neuronal membranes ~'il1"IL~i.1m1Yi1'11U'JJ'il\l BDNF, GDNF U'tNrlU excitotoxicity. if'flL~U~'il 

41Lllu~'il\IL~Yl1\l parenteral ri1~'lilm1vi~u1~f1'1 synthetic- derivatives ~~1i.11rnlm~u"'lfinu 

· 
1
lJl L\f 'il\1"11nil n~ Ln n1?'il'tln ~Ylif M~1U'tlU1\l~'il1"1LJl r.JftLLft~il<if 'fl>J~11 LLm~fu-D'1 n!J'!i'.lr.Jft vl1 L~LUU 

.J I 1 
~11YlU1~U "I 

Minocycline. tetracycline antibiotic ~L-ir1~l-J'il\IL~~ ~1i.11rnuuJ\l microglial-related 
,.. 

inflammatory events LLft~ apoptotic cascade. ilr.i~ neuroprotection lu t{IJltfYl~~'il'l'ri''ILU ALS 

HD LLft~ PD models 
10

·
12 ~1l-!1rn l~1~u~U1'l 'l~u1ililr.i~if1'IL~U\l 

Nicotine. "!1n<if'fl1J~lu~1u1~u1~"1YlU1ViU11~u~rn..JMiilL'flm~Lilu PD U'tlt1n11rrtiJ~u 
1.JMi 'il1"1 Lilu1tl1~11fl'lutl1~n'tlu~u~1ill'll nicotine~'liltl ?~~Yl fin1Vi 1 um1JuJ\l m1~1 Lilu'll'il\l 

L?~ 'tlU1'l't?n~ nicotine ~1i.11rnil'tNnu MPTP toxicity lut{1111Yl~~'il'ILJI. m11-n'Nicotine U'lil 

."f 'I I ..J ...... ..J'I" 
uC\)M1 LULWJJU1~YlLMl-l1~~l-J LLft~'lfiYl LM 
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GPl-1485. LUU neuro-immunophilin ligand. nu central FK506 binding protein receptor, GPI 

1485 LL~:: neuro-immunophilins ~u1il neuro-trophic activity LLJJ~::11Jil immunosuppressive 

activity 13
.
14 

~ "' ..... •'t .... Rasagiline/selegiline. Rasagiline Luk! MAO-B inhibitor li1~1£.JnU selegiline LlUl ).J).J 

amphetamine metabolites. n~ln neuroprotection 
1WL~mnu1.h::~VlflJl1V'l'll 'l'Mn11LU'W MAO-B 

u'l1bJil1f'tl~tl.JLLtliV1n'lu1::~V1fi111Yilun1ru'tl'lnuL"l!~tfur::~1Yl 1~fumr1-i!'tlu1\ILLV'li~~1u 
... ... 

Mirapex and Requip. non-ergot derivative dopamine agonists ).J antioxidant effect LL~::w.J~ 

!ll'tl mitochondrial membrane. dopamine agonists ~u1m~l~t.J~'tlU1\IL~U'lrl'W15 

"~"' · cJ' ~4 "'d,,1. .Jdc:1" td £1" 
~::mu LWl1~1rnn~1'l).J1'W Cl\ILL).J~ :;).JTI'l'W~\J\1Vl).J'll'tll.Jft'l1l.J~Vlfi ~ neuroprotection ~1n 

PD model L vl1iiu ul'l nil41u'lu~d\l~\l'tl1~tl1 lul-i!l u L Ul~'WL~ l uYl1\1111Ncb'1).J nu~1 Tntj>.J~il ~Vlt 
!ll'tln~lm'llu excitotoxicity( L'll'W NMDA-antagonist LLft:: calcium channel antagonist) 

antioxidant(Vitamine LLft:: Iron chelator) anti-inflamatory agent (L'll\J NSAIDs) anti apoptosis 

( caspase inhibitor)O\I LLJJ 'liJilif'tll11~~l!u~~mflu'IYi'tl~1ra'll1 V!ur::~YlflJl1Yil'W PD U'lilfl'l1).J Lllu'lu 

'l~~m~·t~t.J~ luneurodegenerative disease 'JIUV!~\J 

Alzheimer's Disease 

LUU trn ~J.J'tl\I L~'tlJ.J~YiUL~tl'tlu~ qV1 n 1rfnwn:r~iuuvh 't~ Lflu'l'll::ft'tl cognitive 

impairment
16 

tviulifm ntjl.J second-generation choline esterase inhibitor L'llu donepezil 

rivastigmine galanatmine m~'l~fumrfUffi\1~1n FDA fh~VIL~'tlL~'tlUt1Jft1flJ.J 2003 ~'tl 

Memantine mntjl.J NMDA antagonist 1«l-i!lu~il'lu moderate - severe 
11

·
18 V'IU~1ilt.Jft'l!::ft'tl 

'tl1m1 LLl'lU'l Lililmfo j1\JLL tliV1~1'll::ft'tl n111111U'JJ'tl\I L"l!fttf memantine ilif 'tl~~ra ~U'lUYl\J'l~~ n~1 

NMDA antagonist (l]'l~\J Yitnfi~JlTr'l~1i'YtlJ~'tlil senile plaques LLft::neurofibrillary tangles 

~::~J.J~~l.J'tl\I fl'luJ.J1mllut1fl~LnVILLUUsporadicLVIU1lilm1u~1L~!JJ~LLtlivi fl'l'W early-onset 

Alzheimer's disease YiU~1il~1ml1JJ.J1~1nft'l1l.JelV!Un~'il'tl\lgeneL'll'W amyloid precursor 

protein(APP), presenilin1 (PS1 ); LLft:: presenilin2(PS2) ~'1"11'1ilt.Jft!ll'fl proteolytic process 'll'tl\I 

' " ' 
APP tvimi11~ LflVln11L~).J~'W'lJ'tl\lratio r::~~1\lamyloid P peptide 42 ~\I aggregate 'l~~1tl nu 
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AP4o 0'1LLJJnft1nmniivineurodegenerationu'1hiLllu1f'il~li.J~uuivi LLU'lVl1'1WPJ.JU1U'l'-'ft1tl'llilvi 

n'il1~tl AP deposition LUULthm.J1tl~1'"1(\j 19
·
20 

' ' ..... I .... ,qo .... V 4 0 V , , 

mia tl1'1'lJ'tl'1 mnnli1Vl n1 ft'1 Q nYi ~u1 LYi'ilY1tJ11nli1Alzhe1 me r's disease 

1. beta- and gamma-secretases :~'1"1VI Abeta r.i1n amyloid-beta precursor protein (APP) 
21 

2. vaccine LLft::antibodyulia AP YiU~1ftVl'il1n11'll'il'1~111rfY1Vlft'il'1L~LLft::1uu1'1n1rnviftia'1 ftVI 

plaque 1ill n-1 Ll~9::ili1 cym ~'il'1vi11~LnVl~tJ'tl'1'rln L~U9UUJ'il'1m1vivi1tria l 'l~ilm1tJYiutt11tJ~ 
W ~U1ftVI f,Jfl-iJ1'1 L~tl'1'll'il'11' f!fJiUn-

26 

3. il"'~nl1u~1Notch LLft:: Wnt signaling pathway 27~'1LUUpathways~1'"1cy1um1mu~tJ 
W~U1n1rn'tl'1L'llflffi.J1::~1V1 Qnm::YIULVIUFl'l1tJ~VIUn~~ presenilin LLfl:: APP LLft!;'tl1'"lLUU~1L'-'VJ 

~1'"1 (\j'll'il'1n1n~'tltJ'll'il'1 L'llftffi.Jr::~1Y1 ~1r~iJr,iftul'ilpathways~'1~'tl'1 L'llu GSK-3 inhibitors, litium 

~"Q ntl1tJ1 ~ nli1 L~'tltl1tJ11'il1 u~tl'lu 
4. metal chelator

28
-
30 

5. growth factors - NGF il~'lU'll'lu1umnitjrnvi'll'il'1 chorinergic neuron~ forebrain ~"~'YL~U 
1i.J1ualzheimer's d isease 'flU1'1Lrn~ m11~u'1ili1cym1umrr.hu blood-brain barrier · ~'1iln1r 

w~u1Neurotrophin small molecule mimetics LV1t1H' crystal structures 'll'fl'1 neurotrophins LLft:: 
,, 

structure-activity relationships of active neurotrophin peptidomimetics Lilutiu31u1un1r 

screen small molecule libraries L~'tl'-'1 small molecules ~ii neurotrophin agonist '-'1'il 
,, ' 

antagonist activity
31

U'tln'"l1nUU''1ilgene therapy trial 1-if viral vector tl1 NGF LViiafnli1~tl'lt1 AD 

~'1L'1f11n~ L'lft111U'11Ur,Jft LL~'l 
"" .J . ...J ' .,J.., ' ' . 'l" 'l 6. ~11'tlU1VlftVl aggregation L'DU YiU'l1NSAIDs Vl}Jf,Jft!IJ't) Rho L'JIU suhndac vimi LUn11ftlll 

plaque LVIULJJL~U'l1f'il'1rlU anti-inflammatory effect 
32 

Huntington's Disease 

LUU neurodegenerative disease ~ci1t1Vl'ilVIVl1'1WU~nntJLLUU autosomal dominant ~U'ltl 
>Jn Ll}Jilmm11rl'il'il1QUr::tJ1ru 40- 45 u ilmmr~1'"1cy~'il mnfl~'ilu1l'-''l~V1i.Jn~LLUU chorea 

i'lw1u111'l::~vii.J n~Y11'1mrn ruLLft::~1111r.:i Yim fi~111Yi~Yiu ~'il fl'l1tJ ~vii.Jn~ L~ui vi~urL 'l ru 

caudate LLft:: putamenmr~mnV11'1geneti~ YiU~1gene ~vii.Jn~~LUU~1L'-'!IJ'll'tl'1L1flil CAG 

repeat region ~'fltj1uexon LL1n'll'fl'1gene t11'ln~1i.Jn~ vi11~huntinton's disease Qn~vi'iltj1un~tJ 
L1fl polyglutamine disorderL'llUL~U'lrlU spinobulbar muscular atrophy(SBMA or Kenedy's 
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disease), spinocerebellar ataxias (SCA 1, SCA2, SCA3, Machado-Joseph disease, SCA6, 

uri:; SCA?)uri:; dentatorubropallidoluysian atrophy (DRPLA) hflt.1n~iipolyglutamine disease 

tliJ ~ nl!trud'lii~~1 I') qj~'il ~'141t.1'lt.1CAG repeatsii1 nm~~ ~ii LL~ V1'1'tl"l n11'll1l-·3 ~U'lf.l n~'1U'ilf.l ft'1 

'°'\' " ..r \' "" .J... ti ... !'! ., 0 l ""' ' .. ~m.m1t.1ii L'iln1~ LLMl'1'1l1n1rL'l'l'llt.! LV1m.JgeneYl r..ivi n111 Lut.1rit.1ri:;genent.1Y11 i.iii r..JftUl'ilUrL'l ru'll'il'1 

1:;uutl 1:;~1Y1~ LLUl n ~1'1 nt.1 huntingti n LUt.1protein~il'iltjlt.1Leil ft~V1ft1tJ'llilvi LL~ Lrl'il ilvitl n ~ L 'lift~ 
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ataxia type 1 LLri:; spinobulbar muscular atrophy YiU~1 ~ru~iillm'll'il'1LU'l~t.!L'il'1L-rlt.10114'u!Ji''l 

nu protein~\.! uri:;i.iu1~Ll'mtl n~'JJ'tN ttl 'l~t.!~~rN"l1ngene~ LUt.!~1 L\.Wl'JJ'il'1 hfl ~1'1 LUt.!U"l4'tJ • 
~1l'lqj'll'il'1 protein toxicity ~1liXLnV1fl'l1iJilvitln~Yl1'1biochemical pathways lt.1L'llf'lft1~V1ft1f.l 

'ilU1'1 L-rlt.1 'lUn'lt.! mitochondrial function, synaptic transmission, ~111XLnV1 excitotoxic injury 

'ilU1'1L1n1111iiu'1hhtlt.1~LLtiivi pathway LV1~1tlLut.1~1m~V1~n~vhliXLn vineuronal dysfunction.~ 
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2. anti aggregation- antiaggregation peptide 
35 ftV1rt'l1il~V1tln~l1'1lt.1L'llft~LLft:;~111fY1V1ft'il'1 
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Parkinson's Disease 

LUU neurodegenerative disease ~YiUU'ilULUUttlU~U~'il'1'1'il'1"i1n Alzeimer's disease 

~u'lui1mmnl'l~'ilUL'Wl-if1 iu LLft!;n1'1Ll'l~'ilUL"1'lC'.jvitln~~u1 vm1fi~n1Yi~1"1cy~'fl i1m1~cyL~u 
'lJ'il'1L'll~~tJr:;~1Y1 dopaminergic neuron ~ sunstantia nigra LLft:;il intraneuronal proteinacious 

cytoplasmic inclusions ~(fon~1 Lewy's bodies ~'lu'lmyLU'WLrn~Ln~lLLtJtJ sporadic LL~il 
• ~..J.. "".l""..J ~ ..J '"",,! ..J., '1"' . 
"i1U'lU"1'W'1YlLnvi"i1nl'l'l1lJtJV1un!JJYlgene LVlU gene YlYiU'l1lJ'(l'l'WLnU'l'll'il'1 LVlLLn a synuclein, 

' ..J 
ubiquitin carboxy terminal hydroxylase L 1 (UCH-L 1) ~'1LU'W ~1L"1"J'll'il'1L'll'lYlci1UYl'flV1Yl1'1 

WU~n'IWLLtJU autosomal dominant Llft!; parkin Uft!; DJ-1 ~'1ci1UYl'ilVlYl1'1WU~nniiuuu 

autosomal recessive Lrl'fl'1"i1ngene ~C'.jvitln~tl~'lu'lmyil"1U1~L~m<ift1'1nu protein 

degradation pathway L'Jl'W l'l'l1iJC'.jvitln~~ (J.,-synuclein Vl1L~LrlVlabnorma l protein 

conformation "i1nl'l'l1iJC'.jvitln~'ll'il'1 parkin LLft:;UCH-L 1 V\11~LrlVll'l'l1lJC'.jvi 1um1 

detect&degrade misfold protein V\11~Lnvi~lJ~~31u~1 misfolding 'll'il'1LU'l~'W uft:;"1'l1lJC'.jvitJn~ 

'JJ'il'1ubiquitin-proteosome pathway 'il1"iLUU~1L"1"J~1"1qJ'll'rMn11n1LUvi trn tviuil neurotoxic, 

oxidative stress, mitochondrial dysfunction LUUri'l'WU'l:;n'tlu n1'1Vlw.J'W1m1fn1i1 tviuil~u31u 
"i1nLLU'l~viOu'1'fltj'lu'll'l'1cilJ~il1 m~L-if'lu~U'lUU"iiuu U'11'l'1LUtJn1'1YlV1 LLYIUdopamine ~_,iJ 
Vl~ n 31u~1 n1 '1 'l-if DA-agonist 'tl1"i'Jl'lU'Jl!;ft'il n1'1!Jl1U'lJ'ilWllft~U'1:;~1Yl Lrl'fl L VlUtJ nu levodopa 

ri'lum~'W1~'fltj1 u'll'l'1YIV1ft'fl'111n Lflum~'fl'fl n qYJ tm'ilu l'l~ii nft 1n mrmu'll'fl'1 L 'll~~tl 'j:;~1mr'l 1tJ 

~'1~unmu'lu~'l<if'flri~l'WV1U1tl 'llrn:;ll1~~lJiJ gene therapy trial 'lu PD LVlUL-if AAV U1Yi1 GAD 

gene L-if1~lJ'fl'1LV1Ucl1u catheter U'3Li.ii1nu'11tJ~1L~c.JfttJ£h'1h 

Amyotrophic Lateral Sclerosis (ALS) 

~u'luil l'l'l1lJ C'.jviiJ n~'ll'il'1 motor neuron ~ cy L~U m '1Vl1'31tJ'll'fl'3'1:;uutlr:;~1Yl~'l-if1 umr 

Lfll~'iltJLVl'l ~u'lul1m~u=a~1JJ/l1u'lu 5 th-t~'1 cilJiJmm1 n~ Ln'll'tM bl'l 'luu"iiuuu'1
1
li.iY1nULLtiivi 

tn"ii1~'lm~moif'tl'1ntJ oxidative stress, excitotoxic n1'1Wi;J.JtJ1n1'1fn1i1ri'lu1myml'lun~1ntl 
LUU\.1~ n 

43
-4

4 

'1i'?'ilU1'1mrfn1i1 

1. anti-glutamate m~'l-ift1tj~'fl Riluzole ~'1L~c.J~U1'3L~nu'l!U LL~ topiramate~-lil qYJtuhu 

glutamate L'llunun~u1-i!W1~c.J~42 

2. anti-oxidant, anti apoptosis L'llu coenzymeQ, minocycline 
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3. viral vector L'llum11-ii' retrograde viral delivery 'll'il-3 IGF-1 l~c.JflLUV11'3U'lnlu~VlifVll1lfl~N 

~'UJ'lrnL~l-Jsurvival 1~ 3 

t111u~ttln'3'llru:;tljjm~'3Wl'3c.Jfl~r.i:;fl111·m1V11t1'll'il'1L'l!flft°tl1:;~1V1'iltjlu'll'Nmrn111fl'il'3 
41u'lumn L0'fltl1:;n'ilunum1~L11jjm12-1im1l-JL-ii1h'll'il'1nfl1nm1~1Lilu'll'il'1l1f'1~~u Yi1't~jj 

~ ... .J "' "' .J tl.J ti ~ ~ ~ !,"i' ~ I q I LLU'l LUl-JVl"1:;~1l-J11CIYHijJ\.!1n111nli"lVIL flUULL fl'1nfl Ln'll'il-3 L1Pl Liil LUIUITIN Ll-JLYiU-1 LLIJlflUl'il1n11 

I .J I 

'ilU1'3Vlc.J1U>-11 

References 

1. Tuszynski MH. Growth-factor gene therapy 

for neurodegenerative disorders. Lancet Neural 

2002;1 (1 ):51-7. 

2. Miller TM, Cleveland DW. Has gene therapy 

for ALS arrived? Nat Med 2003;9(10):1256-1257 

3. Kaspar BK, Llado J, Sherkat N, Rothstein JD, 

Gage FH. Retrograde viral delivery of IGF-1 

prolongs survival in a mouse ALS model. 

Science 2003;301 (5634):839-42 

4. Emerich OF, Winn SR, Hantraye PM, et al. 

Protective effect of encapsulated cells 

producing neurotrophic factor CNTF in a 

monkey model of Huntington's disease. Nature 

1997 ;386(6623):395-9. 

5. Ravina BM, Fagan SC, Hart RG, et al. 

Neuroprotective agents for clinical trials in 

Parkinson's disease: a systematiq assessment. 

Neurol.ogy 2003;60: 1234-1240. 

6. Schwarzschild MA, Xu K, Oztas E, Pelzer JP, 

Castagnoli K, Castagnoli N Jr, Chen JF. 2003 

Neuroproteclion by caffeine and more specific 

A2A receptor antagonists in animal models of 

Parkinson's disease Neurology 9;61 (11 Suppl 

6):S55-61 

7. Kase H, Aoyama S, lchimura M, et al. 

Progress in pursuit of therapeutic A2A 

antagonists: the adenosine A2A receptor 

selective antagonist KW6002: research and 

development toward a novel nondopaminerglc 

therapy for Parkinson's disease. Neurology 

2003;61(11Suppl6):S97-100. 

8. Shults CW, Oakes D, Kieburtz K, et al. Effects 

of coenzyme Q10 in early Parkinson disease: 

evidence of slowing of the functional decline. 

Arch Neurol 2002;59(10):1541-50. 

9 . . Saunders-Pullman R. Estrogens and 

Parkinson disease: neuroproteclive, 

symptomatic, neither, or both? Endocrine 

2003;21 (1):81-7. 

10. Thomas M, Dong W, Jankovic J. 

Minocycline and other tetracycline derivates: a 

neuroprotective strategy in Parkinson's disease 

and Huntington'sdisease. Clin Neuropharmacol 

2003;26: 18-23. 

11. Zhu S, Stavrovskaya IG, Drozda M, et al. 

Minocycline inhibits cytochrome c release and 

delays progression of amyotrophic lateral 

sclerosis in mice. Nature 2002;417:74- 78. 



28 

12.Berger A. Minocycline slows progress of 

Huntington's disease in mice. BMJ 2000;321:70. 

13. Avramut M, Achim CL. lmmunophilins and 

their ligands: insights into survival and growth of 

human neurons. Physiol Behav 2002;77(4-

5):463-8. 

14. Marshall VL, Grosset DG. GPl-1485 

(Guilford). Curr Opin lnvestig Drugs 

2004;5(1 ):107-12. 

15. Schapira AH. Neuroprotection in PD--a role 

for dopamine agonists? Neurology 2003;61(6 

Suppl 3):834-42. 

16. Helmuth L. New therapies. New Alzheimer's 

treatments that may ease the mind. Science 

2002;297(5585):1260-2. 

17. Reisberg B, Doody R, Stoffler A, Schmitt F, 

Ferris S, Mobius HJ. Memantine in moderate-to­

severe Alzheimer's disease. N Engl J Med 

2003;348(14):1333-41 . 

18. Tariot PN, Farlow MR, Grossberg GT, 

Graham SM, McDonald S, Gergel I. Memantine 

treatment in patients with moderate to severe 

Alzheimer disease already receiving donepezil: 

a randomized controlled trial. Jama 

2004;291 (3):317-24. 

19. Scarpini E, Scheltens P, Feldman H. 

Treatment of Alzheimer's disease: current status 

and new perspectives. Lancet Neurol 

2003;2(9):539-47. 

20. Selkoe DJ, Schenk D. Alzheimer's disease: 

molecular understanding predicts amyloid­

based therapeutics. Annu Rev Pharmacol 

Toxicol 2003;43:545-84 

Thai J Pharmaco/ 

21 . Josien H. Recent advances in the 

development of gamma-secretase inhibitors. 

Curr Opin Drug Discov Devel 2002;5(4):513-25. 

22. Mclaurin J, Cecal R, Kierstead ME, et al. 

Therapeutically effective antibodies against 

amyloid-beta peptide target amyloid-beta 

residues 4-10 and inhibit cytotoxicity and 

fibrillogenesis. Nat Med 2002;8( 11):1263-9. 

23. Janus C, Pearson J, Mclaurin J, et al. A 

beta peptide immunization reduces behavioural 

impairment and plaques in a model of 

Alzheimer's disease. Nature 

2000;408(6815):979-82 

24. Dodart JC, Bales KR, Gannon KS, et al. 

Immunization reverses memory deficits without 

reducing brain Abeta burden in Alzheimer's 

disease model. Nat Neurosci 2002;5(5):452-7. 

25. Morgan D, Diamond OM, Gottschall PE, et 

al. A beta peptide vaccination prevents memory 

loss in an animal model of Alzheimer's disease. 

Nature 2000;408(6815):982-5. 

26. Janus C. Vaccines for Alzheimer's disease: 

how close are we? CNS Drugs 2003;17(7):457-

74. 

27. De Ferrari GV, lnestrosa NC. Wnt signaling 

function in Alzheimer's disease. Brain Res Brain 

Res Rev 2000;33(1):1-12. 

28. Cherny RA, Atwood CS, Xilinas ME, et al. 

Treatment with a copper-zinc chelator markedly 

and rapidly inhibits beta-amyloid accumulation 

in Alzheimer's disease transgenic mice. Neuron 

2001 ;30(3):665-76. 

29. Finefrock AE, Bush Al , Doraiswamy PM. 



Vo/.26, No.I Jan-Apr 2004 

Current status of metals as therapeutic targets 

in Alzheimer's disease. J Am Geriatr Soc 

2003;51 (8):1143-8. 

30. Ritchie CW, Bush Al, Mackinnon A. et al. 

Metal-protein attenuation with 

iodochlorhydroxyquin (clioquinol) targeting 

Abeta amyloid deposition and toxicity in 

Alzheimer disease: a pilot phase 2 clin ical trial. 

Arch Neurol 2003;60(12): 1685-91. 

31 . Massa SM, Xie Y, Longo FM. Alzheimer's 

therapeutics: neurotrophin small molecule 

mimetics. J Mol Neurosci 2002;19(1-2):107-11 . 

32. Zhou Y, Su Y, Li B, et al. Nonsteroidal anti­

inflammatory drugs can lower amyloidogenic 

Abeta42 by inhibiting Rho. Science 

2003;302(5648):1215-7. 

33. Boado RJ, Kazantsev A, Apostol BL, 

Thompson LM, Pardridge WM. Antisense­

mediated down-regulation of the human 

huntingtin gene. J Pharmacol Exp Ther 

2000;295(1 ):239-43. 

34. Xia H, Mao Q , Paulson HL, Davidson BL. 

siRNA-mediated gene silencing in vitro and in 

vivo. Nat Biotechnol 2002;20(10):1006-10 

35. l<azantsev A, Walker HA. Slepko N, et al. A 

bivalent Huntingtin binding peptide suppresses 

polyglutamine aggregation and pathogenesis in 

Drosophila. Nat Gene-!_ 2002;30(4):367-76. 

36. Miller TW, Shirley TL, Wolfgang WJ, Kang X, 

Messer A DNA vaccination against mutant 

huntingtin ameliorates the HDR6/2 diabetic 

phenotype. Mol Ther 2003;7(5):572-9. 

37. Cha JH. Transcriptional dysregulation in 

Huntington's disease. Trends Neuroscl 

2000;23(9):387-92. 

29 

38. Mccampbell A. Taylor JP, Taye AA, et al. 

CREB-binding protein sequestration by 

expanded polyglutamine. Hum Mol Genet 

2000;9(14):2197-202. 

39. Ferrante RJ, Kubilus JK, Lee J, et al. Histone 

deacetylase inhibition by sodium butyrate 

chemotherapy ameliorates the 

neurodegenerative phenotype in Huntington's 

disease mice. J Neurosci 2003;23(28):9418-27. 

40. Mccampbell A. Taye AA, Whitty L, Penney 

E, Steffan JS, Fischbeck KH. Histone 

deacetylase inhibitors reduce polyglutamine 

toxicity. Proc Natl Acad Sci U SA 

2001;98(26):15179-84. 

41 . Dawson TM, Dawson VL. Molecular 

pathways of neurodegeneration in Parkinson's 

disease. Science 2003;302(5646):819-22. 

42. Cudkowicz ME, Shefner JM, Schoenfeld DA. 

et al. A randomized, placebo-controlled trial of 

topiramate in amyotrophic lateral sclerosis. 

Neurology 2003;61 (4):456-64. 

43. Dib M. Amyotrophic lateral sclerosis: 

progress and prospects for treatment. Drugs 

2003;63(3):289-310. 

44. Hurko 0, Walsh FS. Novel drug 

development for amyotrophic lateral sclerosis. J 

Neurol Sci 2000;180(1-2):21-8. 



30 Tlrai J Plrarmacol 

Pharmacological Intervention to Improve Defibrillation Efficacy 

Nipo11 Chattipakom, MD, PhD 
Director, Cardiac Electrophysiology U11it, Department of Physiology, 
Faculty of Medicine, Chiang Mai U11iversity, Chiang Mai, Thailand 

Sudden cardiac death, mainly caused by VF, is responsible for over 250,000 

deaths annually in the United States. I Cunently, electrical defibrillation is the only 

practical means for terminating VF. The mortality rate from sudden cardiac death has 

decreased in the past decade, partly due to the improvement of our understanding of 

the nature of this fatality as well as the development of defibrillation devices. Recent 

advances in implantable defibrillators, such as the use of a biphasic wavefo1m, have 

led to smaller intravenous devices that have significantly benefited certain groups of 

patients.2-4 Rece,nt findings that post-shock activation always arises from area of the 

weakest shock field have led to the development of improved device therapy. 5-7 

Despite the wide applications of defibrillators, there is still a great need to improve 

defibrillation. The better we understand the fundamental mechanism of defibrillation, 

the more likely it is that we will be able to devise strategies to improve it. 

It is thought by many investigators that reentry is responsible for the 

resumption of VF in failed defibrillation. 8-11 Al though this hypothesis is supported 

by most optical mapping studies which show reentrant activation fronts on the 

epicardium immediately after the shock,8-11 this pattern has not been frequently 

observed in eleetrical mapping of defibrillation studies.12-15 Instead, focal activity is 

frequently observed after the shock prior to its degeneration into VF.13, 15-17 Since 

most optical mapping studies have used a small-heart animal model with shocks that 

were well below the OFT, while electrical mapping studies have used a large-animal 

model and shocks of a strength close to the OFT, the disparity of results could be 
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partly due to differences in study protocols.1S,18, 19 To resolve this issue, an optical 

' 
mapping study using a similar protocol to that used in electdcal mapping studies was 

performed recently in isolated pig heai1s.20-22 The results demonstrated that 

following failed near DFT shocks, rapid repetitive focal activations were always 

observed at the LY apex for several cycles before it degenerated back into VF. No 

reentry was observed during these cycles. These results are consistent with previous 

electrical mapping reports, 12-1 S and led us to believe that an intervention to this 

small arrhythmogenic region may improve defibrillation efficacy. 

Although the cause of these post-shock focal activations is not known, 

afterdepolarizations have been suggested as a possible mechanism for these rapid 

post-shock activations.l S, 16,23-26 Afterdepoladzations are oscillations of the 

transmembrane potential that depend on the preceding action potential for their 

generation.27,28 They can give rise to new a<;:tivation fronts, i.e. triggered activity, if 

they reach a critical tlll'eshold for new activations. There are two types of 

afterdepolarizations; delayed afterdepolarizations (DADs) and early 

afterdepolarizations (EADs). DADs are oscillations in membrane potential that occur 

after complete repolarization of an action potential, whereas EADs are oscillations at 

the plateau phase of an action potential, or later during phase 3 of repolarization.27,29 

DADs are usually too small to reach threshold voltage, however with changes in heait 

rate or firing pattern their amplitude can change dynamically.28 A decrease in the 

cycle length (an increase in the rate) has been suggested llS the most important 

influence that causes subthreshold DADs to reach threshold.28 DADs are believed to 

be induced by a transient inward cmTent27 ,30 and have been linked to intracellular 

Ca++ overload which can result from a number of conditions including increased heart 
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rate, enhanced sympathetic tone, ischemic reperfusion, stretch, tissue damage, and 

drug intoxication.31-34 As heart rate increases or stimulation becomes more 

premature, DADs could become larger in amplitude until a tlueshold voltage is 

reached and a rnn of rapid firing or triggered activity is provoked.28 DADs are a 

possible cause of rapid focal activations following failed near-DFT shocks for the 

following reasons. During fibrillation, hea11 rate is greatly elevated. Following a 

defibrillation shock, additional factors such as increased sympathetic tone, myocardial 

stretch, tissue damage, and reperfusion may be involved. These factors alone or in an 

additive fashion help promote DADs.31-34 In addition, recent optical mapping 

studies have demonstrated that following near-DFT shocks, complete repolmization is 

observed followed by a 40-60 ms quiescent period after which repetitive focal 

activations appear on the epicardium and later degenerate into VF.20,21,22,35 This 

finding sµggests that the first ectopic cycle arises after complete repolarization is 

achieved after the shock. Recent studies have also demonstrated that the hem1 can be 

paced from the early site quickly following the defibrillation shock before the early 

site appears spontaneously. This suggests that DADs are a possible mechanism of the 

rapid repetitive post-shock activity.17 ,36 

All of these findings, however, have been observed from the ventricular 

epicardium and may not be representative of what occurs beneath the epicardium. 

Although most recent studies suggest that the first post-shock activation arises on the 

venhicles after a short isoelectric window, it is not known whether any electrical 

activity underneath the epicardium exists during this isoelectric window on the 

epicardium. Several studies demonstrated that rapid firing from Purkinje fibers 

occurred immediately after the shock.25,26 Because EADs occur in most conditions 

that delay repolarization and, most often, occur more readily in Purkinje fibers than in 
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ventricular muscle cells,28,37 EADs could be responsible for the rapid activation 

fronts after the shock,. since a strong shock is known to significantly extend the 

refractory period as well as the action potential duration.38,39 Therefore, EADs 

cannot be ruled out as the possible cause of the rapid repetitive early activations 

following unsuccessful defibrillation shocks. 

Recently, the effect of the DAD inhibitor, Flunatizine, has been tested on 

defibrillation efficacy.40 Flunarizine has been demonstrated to tenninate arrhythmias 

due to DADs and to prevent their re-induction. It is believed that Flunarizine prevents 

calcium overload in the cell by blocking the Na+/Ca2+ exchanger.33,41 It has been 

shown that the DFT was significantly decreased (~22% by leading edge voltage and 

~39% by total energy) after the drug administration (520±90 volts vs. 663±133 volts) 

and returned to its control value after the drug was washed out.40 These data strongly 

support the possibility that the drug will improve defibrillation and suggest that DADs 

could be a source of the rapid repetitive focal activation fronts after failed near-DFT 

shocks. 

The definite mechanism by which Flunatizine prevents DADs is still unclear. 

Flunatizine may block the Na+/Ca2+ exchanger. It may also influence the release of 

calcium from the sarcoplasmic reticulum and block the transient inward cun-ent. 

Further studies are needed to verify its mechanism. 

Conclusion 

Phaimacological intervention is another useful tool in investigating 

mechanism of cardiac arrhythmias. Although the mechanism of defibrillation has 

been investigated for many decades, it's definite mechanism is still unclear. A recent 

defibrillation study has demonstrated the significant reduction in the defibriUation 

shock strength after the administration of the drug that prevents the occurrence of 
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DADs, suggesting that DADs may be responsible for failed defibrillation. This 

finding suggests that pharmacological intervention can be used as an early step m 

testing the mechanism of cardiac defibrillation. 
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The Role 
of 

Essential Oils in 
t·:!lilr-..~. Treating Viral 

or. ! 

- ~ Conditions and Disease 

Introduction 

E11ropea11 llealtll practitioners consider EO's 

<IS effective as phar111ace11tiC<1/ drugs 

+ No division between EO and medicine. 

• European doctors consider EO integral to medicine. 

• Over 150 hospitals in England use EO's. 

Linking .the Biology: 
Humans to Essential Oil 

• Humans develop on a cellular level 

• Chemical constituents ofEO part of human make-up 

• Influence human regulatory process 

Thai J Pharmaco/ 

Agenda 

+Introduction 

+History of Essential Oils 

+Linking the biology: Humans to EO 

+Plant metabolism 

+Published medical studies 

+Testimonials 

+Conclusion 

History of Essential Oil 

+ Evolution: Biochemical trial and error 

+ Beginning of life - 3 to 4 billion years ago 

+ Chemical tricks develop! 

- 500 111illio11 years ago: Needle trees 

- I 00 million years ago: Green leafy plants 
- 12 5,000 years ago: 1!11ma11s 

Plant Metabolism 

+ Primary (energy) and Secondary (survival) 

+ Plants stationary: need to communicate through air 

+ Changing molecular structure 

+ Plants not defenseless despite immobility 

+ Storage ofEO's: Apple and Plum pits 

+ Medicines are derived from secondary 
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Published Medical Studies 
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• Department of Microbiology 
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Testimonials 
I recently recelYe<J my ordeF ol H·~m and I'm so ex<iled. 1\-e been 
getting oulbrea!cs •""'Y month and n«h'ng seems to help. I ta.Ice lysine, 
>ff. C, E, and al<o mlA'li. l'il. These IM$Some, bcJI sliJ my <><Abrew ha•-e 

. been horrel>Oousl I've u<ed H-~m once <tready and the reslils 
!'<\' were t.nbe!'Ovab'o. It wOtt:ed so qtid:Jy, I was ama1ed. rm so gad I 
~ loond )'OU" v.·&1>$110/ I've been battfng INS'°' 9 yea.'$,_ and Ake I said 

noUtlng has hel{JO(J mo es mudr os H-~m has. I've O\'tn IM<l at>H·wal 
meds sudr os ZoWa>c and Fanr.v (wlich a-e so e•pensh-e). I can! thank 
)OU enough I« coning 14> with sudr an awesome ,,.-od<J<.l I've been 
so dtpreued ~ lh<l k-eqc.oenoy ol O<llbreakJ and 6n¥ly I 118'-e hope I rm 
more than happy to help JOU and o/Jtm In any WB'/ I can becau<e I U­
f.1st h¥>d 1)()1< devastating this <fsease can bo when h haJ oontrol over 
)'OU. Flna'lyfmln oonlrol!!!' Ma-/ 2001 Judy Wkidf@ho/mal.oom. 

Contact Info1mation 

Peter Klapper 

Forces of Na tu re 

President and Founder 

peter@fonoils.com 

Thai J Pharmacol 

Conclusion 

+ EO's are proven to in11ibit viruses 

+ Improve immune parameters 

+ EO's counteract viruses gently and 
effectively by inhibiting viral reproduction 
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fl::Unl.3J'll'tJL1tJn~13Jtl1tJ1::111tJ umRUUU')VitJL'll't.ll.ltl~ L'll'U LRUV.1 \l\l::l/HlL'l5tl3JV.1 \lLLfl::r.nu 

.d tl.J ""'1.ri'.J .... .J ... A .d., "'.I"' ""'ii aanmmL'l.IU ('a YI 1) LRUV.1 \JUL UVl1t.ltJ1'1'r1tllllJ1t.ILLU1fl~LntJ1nrnn1l.l~~unVl'l.ltl'1LRUm " .. 
~flfflJL iia'1m\l1nf1113J~~un&i'l.lt1'1a1tJ1::111tJlu (i1 h) l~Li1uaci1'1&1 L dt1'1\l1nif'1'1U" 1~iim1 , 
~R'1'1"LL~1i1 hfli1 h'll1~L~t.l~~iia1m1L~uan (angina pectoris) \l::LLR~'1a1m11.h~f11~1u~ 

"' "' LLu1Liu~"n~11L~L-rltu~tJ1nu~t1imtJL1l"mptlj~u1u11m aci1'1L1nmll mm1m'1aci1'1t11\l 

LUUfl113J~viun&i'l.I tl'1Liu1~ tJLiJ Lfi tJ1'lla,:inua1tJ1::111tJ1 unl~ L-rlu t11m1u1viv.K'11'11 fl'1'l.11 

(sciatica) ~" Li'.Jua1 m1~ LLYm 6~uiJn1U\ld'tJi1 L i'.J ua1 m1u1~m3JY11'1t-J1u'l.I El-' L ium::L vn:: 
."f .d ... • • • ti .J 
uRR11::YIYlt.l~\l1nV.fl'1f.nUR'l.11LLfl::UEl'1 ('a YI 2) "' .. 

tl .J " .I .dd '., .,~ 
7 YI 1 LRUfl3Ju11mm-nt13JV1 t1nuv.1 ~\l .. 
L1tJni1 11Liui1h 11 (qJVILLUfl'1\l1n Cheng XN. 

(1)) 

if RR11:: L1tJni1 "Lium::L vn::if RR11::" 

(q]~LLUfl'1\l1n Cheng XN.'
1
l) 
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n~ lnnTrneJmrn~'lle:J\lnTall\ltci13J 
II .f.d... '" , ., II., ' 11 .., .1 ~ ., 

m1 rnm·n1t1n{)Y1liY11lnTIFrmflt1rJ1'1m1'1'lJ11\I ~'imn m1 nnTn::\ltJu1V1'll£1\ln17H\IL'll11 

1 w~1 ~..,d''l ua~'ilL %a11nfl 
1
ln m11::ruu1V1ti1'1:: t1~u1tJLV1'1V1tJY1{)1tlj gate theory n~11~a m1 

il\IL-1l1.1ti1'liijm1lt1m11.1~mhmiu'ltJu1::H1Y1'lfilV1 An. ~\ln1'Vlit'1~tum11.1~ni1.1~H L'iwun~ 
" p " 

Lff'u1rJd''1::t.i1u~L'llitmi\ILLfl::ifu~H1.lt1\l LV1F.Jt.l1u dorsal column 'lltl\IL'lliu'Vli\I LL~LffULtJ~acl'lu 
" " " 

dorsal column d''1::ijLff'u'lmL'llU\I (collateral fibers) ~t.J1mih~ substantia gelatinosa LUL'lliu 
\J 

'VI i" L %a11 iru{ln m'11n Liu LF.J LL'llu\ld'H1m·rn vu rT\lij'l i iruru1m~n11.1~nu1V1'11miu 'lF.Ju1::inri 
~ ~ ~ v ~ 

'lfUVI C '1'11£1 A0 t.J1m-li1~ substantia gelatinosa L'ii' icyqpm'11miu'lmL'llU\IUtn'1rJUrT\lm1it1 

~ • I 11 ., ., .., .., '" • • a ..4 "'II ,..(4) 
fl11111Hnu1V1 LV1V11F.J'i11'll£1\11.l'\.4L£1\I 'V\1£1£11'1Yl1\11'\.4f..11U interneuron £lnYl£1V1'VIU\ln L'il 

" LL~U'1'1UUL %a11 nfl 1nm11::ruu1'il-,:i1nm1il\I L-ii1.1Ln'il-,:i1nm1Lu~ F.J'l.4LLUfl\l'll t1\11::'ilu R11 • 
d • I L • I , (2-3,5-11) , '" ., ., ~ ., .o '" ., .J' .d 
irnu1::H1Y1 u 1::uuu1::H1YIR1Unfl1\I nfl11fl£1 n11LlYl\IL'lJ1.IL'lJ1'1VlH\IL'lJ1.I {flnt1\lnfl11.IL'\.4£1YI • 
mlhi'1Vl) LLLt1m::~u'ii1 F.J

1
l W~1~ ijm11.1rl~1 (2-5 Hz) '1::r'h 'l iu fl1 F.JU1::H1Yl'lfUVl Ao ~ £1 cl'l '1.4 " . . " 

t.1 .d°' ~ t.1 1 'l t.I A "' ~ Md a l d_ 1 ~ 1 

nfl11.ILU£1'\.4U ') ~nm::<ilu R\lf..lfl 'VILn'iln17F.JtJ tJ\lm11.IJHnu1VlYl'1::f..11'\.4'lJU~H1.1£1\IYl1\I lateral 
. . ..4 11 .., ~ .., • ... d' 11 ., .., (2) '" 

sp1nothalam1c tract 'lf\lnfl Lnn17F.JtJF.J\IV1\lnfl11LnV1'll'l.4LVl 3 1::V11J fltl 

1. ~::~1.J 1 m~"wvi a \I 
... 'l · ' ... -~ ... .d.~ .... .d ... ... 11 •• 1.':1 ' ., 11.1 d ' 

LHU F.Ju'l"::H1Yl'lf'\.4Vl Ao Tl1'VIU1Yltt1RqJqJ1mYILnVl'11nm1m::Gl'"LYO"i1i.J1UL'lJ1 LuL'lf£11.l'il£1 

"" '· I "" .d ..4 • "" • II • I " L nrn'lfflflu7::H1Yl'il1YIR£1\I (second order neuron) 'lf\1'1::R\IRqJqJ1tu'il£1 Lum::'ilu interneuron u 

L'lli'l.4'Vli\l Li'Vlk\IR11failt1t1F.J'i! (opioid) 'lfUV1L£JULflW1~'\.4 (enkephalin) ~\l~·rn 'liLnV1m1rTurT\I 

m11.1f~niJ1V1~'1::t.i1uL-li1~ dorsal horn 'll£1\IL'lli'l.4'Vli\I 
" " 
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2. 'j::~tJn1'liii43Jeh'lri1'" mid brain 

ufa1tJu1::R1t1'l5it<il A~ t11~u1~\t1irurn1m~Ln<il'11nm1m::Gi'it'lrJw1~1uL'll1~L'lliit u 41 •t: 1 \J 

... " .d ' "' 'ti ... .J o .. ... .J A 11n ... .. .. ... o 
~th1 LLfl1L'l5El3J<iltln1.JL'lftltl 1::R1tl<il1t1Rtl\I (L'l5\tL<iltJ1nUmlli1J1tJ n U'lltl 1) 'lf\IL'lH'lfl<il\lnfl11'1:: 

ibiqjq)1nt~1U contralateral anterior spinothalamic tract (1J1\l<ii111L'itJn anteolateral tract) 
.t 't· I ... d ., . .. !"I A d .. " , • I d ., 
'll\t um::~m periaqueductal gray tltltJL\t mid brain 'lf\ILuttU1L1ntl'UJLR\tLtJu1::R1tltl~fl\ILtlU , v 

•• I A .d 11. I ' d ' A Lf1Yi1tl\tl'l5tl3J uR raphe magnus nucleus (tltlLJU1L1m lower pons LLfl:: upper medulla) v v 

'11nlfit'1::iiLH'ttLtJtl1::R1t1'l5it<il~~k\IL'lfrihlt1itit (serotonin) L%tl3J'11n raphe magnus nucleus 

fl\I~ dorsal horn 'lJEl\11l'llitt~i'1 L'lfElh1t1ittt~~k\ILit1::~u1l'lliu'°'i'1U'1::tl1Li interneuron Lit
1
l'll 

v 

iu"' i'1~ k\I L tlttLV1rJ1~tt ~\IL tl\tlfl v-l1 ~\t U'1::tl1"' u 1~ rTu rT'1m13J~niJ1<i1~~1\tL 'll1 ~L 'lliu"' i\I an .. 
l'lEl<il"'\t\I 

v v 

3. 'j::~tJii43J £h1"41'lint1 ttJ1n~13J114 (hypothalamus) u.~::mei3JL~ii43Je:J\I 

iruru1 m ~ L n <il'11 n m1m::GJ it
1
l Y'lW1~\I ~1\t l'l1\I anterior spinothalamic tract rJ\I ff13..111{') 

v v , 

~"~ arcuate nucleus 'llEl\liLJ 1tlli1fl13TR Lrn::n1 LiLn<ilm1"'k\ILU<il1-LEltt<iltifwit (beta-
v 

endorphin) 3J1 rJ\I periaqueductal gray n11infl1lnm11::.3'uu1<i1~~1u rn\I "periaqueCluctal gray-

raphe magnus nucleus-dorsal horns of the spinal cord" (~\ILGJtlilJ1tJL1tu'llEl 2) ii 

u1::fft1in1Ylmn~u tttln'11nUrT\IYlu11iru ru1 m
1
l v-lw1 rJ\IR1m1riYi11i iLJ 1tlli1fl13TRk'1nT~ 1 iii ., ., 

m1~k\ILU<il1-Ltlit<il Elf wu'11n<ii tl3J 1GY Rlltl\IL 'll1 ~m::LLRL~ tl<il tJ ci1'1'l1n<il111 LL3J11 LU<il1-LEltt<il Elf wu 
v 

~ tl ci1 itm:: LrnL~ El<il'1::LliR1m1ri~1u blood-brain barrier Li1 LU~ffll El\I 
1
li LL~ L~tl11u1'1:: ii1::uu v v 

11 .. "' ,,I .. ' . • ... ~ '~I 11 , A 

L~flL1tJ\tLfltl<ill'lLWn11 "p1tu1tary-portal venous system" 'lf\1"1LU<il1-Ltltt<i1El1n\t '°'flL\ttlf'lrn\I 

tiEluniu (retrograde direction) Li1
1

lurT\IR3Jtl\1
1

l<il1vw
1

lli~1LiluGi'tl'1~1u blood-brain barrier 

1 U'll m::~iim1"' k'1LlJ<il1-LEltt<il t1fWit'11n!iitJ11 LGi' Rlltl\I L 'll1~m::LLHL~ tl<illf u YllJ11<ii El3J 1Gi' 
v 

ff1lt:l'1'1::'°'k\I adrenocorticotrophic hormone (ACTH) i13JElt1nmi1mR1ltl ~'1ULilt1'1'11nR11~\I 
fftl\l'l5it<il3J1'11nff11~\IGJU (precusor) 'l5it<ilL~LJ1rl\t ~\ILU\t~t111u~11 ACTH R1m1rim::Gi'it!iitl3J , 
"'"'n 

1l<il~1\tfl Elf L tln'lf1 i~k\I ffL~ [.J')tl [J~ HtlTI11\t'l5itvivi tJfGi'lfEl fl (cortisol) L 'll1~m::LLHL~ tl<il 'li 
v 

~'1ifit~'1Yi1Lim1~'1Lii11iiqt1~i1itm1anrnrnLfl::R1m1ritt11'6frnflmi3JtJ1m1~iim1anLRu , 
L'li\t 'JJElflnLRU ~tlU~<il 'Jfl'J 

'11nm1~n1tiYlu11 t-1'1h LJn ~ 11~'lifo m1~\I L ii 3J 
11 v-lw1'1::ii a<i111"' 1 LJU1<il R\I n\I v , v 

ao%'2•
3

•
5

> tJ1m1L~uu1<il~<iltlUR\tt1\l!iit1m1~\IL-ii3J'li~ ~ti t11m1u1vmi,:i u1<iln~1md't1 
~1N:: tl1<i1'1ltl iJ1<i1iJ1::~1L~t1" tl1<ilui'uu1::R1t11u"'u1 LiluGi'it(

3
> 

50-

U1<il 
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t 'j~'Vl~tl mfa.1 e:i1 n1'j~~mnv1~t1tJ'jWn11~~1un1~tfo L4la..i 
' 

LL3Y11uY1'WLi,-i'1Y11-JiY1 tnf11 HV1f'1'1v.L 'VI W\l::L rj r.n'Jiv-Jrl1J nfl Lm::!rnhVI LLfl::flVJn1'jtJ n Lff1J 
'IJ " 

LL~'lY m.i-J 1 iirn-J m1w-J L ·ih1n1l~~1nvi fl r.i Lu vn:: LL~3J3JUL rhif v. vl-J-;i::L ~v.1~-;i1nm1~ a-J~m1a1V111 
'IJ • 

LLfl:: [J1 (FDA) 'lJ v'1R'Vl1~ tJL3J1m 
1
lv11h::mmrn3Ji'U 1 y; n11~-JL i]3..1 L ilu1n~ ih.h::RYITifl1YlL Un11 

fm~nmi3Ja1m11hvi LLfl::1wmau~vi ~rnavin-J t·rn tJ3JYl{)mf'ta3JY11vi a1m1fl~u1lit11L~ t1u m1 
' 

~YltJ1LRYl~VI LUU~"it(2J uan-;i1nd a-J~m1au1iJri 1fln (WHO) 
1l~1h::mf'l'l1ijhflVi~t1a1m1 54 

'l!it<il~i'mfl'Vl~v1J11L Y11Lv1~h t1m1i'.f-JL.iJ3J ar.i1-J
1
hnlil13J naufm.-n 11flv11 t1inW-JL.iJ3J tl'th t1fl11-;i :: 

'IJ 
1l~i'um1vi11'1v11 £JiTinT'H11-J LL YIYI rJLLr-mif-;i-;ium ~ u1U-;iu£J LL tint 1fl11tl'th £Jn1l~LUV. t 'jfl~i1 £J LL1-J 

' 'IJ 

'Vl1u Luu 11A~ tn'1 Li1uel'u1i111 t1n-J:ni vi "itfln-;i1nd'r1-J:fiv.a r.inui-;i11mru1 m'll a-J LL Yiri 6~-J L '""~1 t111 
'IJ " 

1 w1~-Jn~11L 'V13.J1::Li3JVi1uij1a mavi auRua-J~ am1il-JL.iJ3J1l~mmia m ~ £J-J lvi LV1 £JR1u iTii'.f-JL-iJ3J 
' 

ih'1 ::Luu i Tit11-i L~fln~ L 'Vlm::a3J th Vi 1u 11flL~f ai'"11u1-J'l!UV1 ~tl'th t11
hlvi uu aua-i~ am11n l!t1 LLr.Jtt 

'IJ 

ifo"iluv. 'Vl'1vlil au Rv.u-i1~hl~ L ri1~m1 uan,-i1nda-JL V1m::~1Vifu~tJ1 £J~ LL~tn Vi1fl 1ii~1m1n 
q 'IJ 

riw;i mrn'li1-i L~ t1-i\11n £J11~ 

:: 0 ~ ~ !:: (1 ,2) 
11\M~l tl\iLLGl::\11\i 1\i~'j\11ltl\I 01~H\I L 113.J 

m1i'.f-i L ii 3J L~3J\11 nm1 l i'LLu fl n mm Gf ri1m1 "a:: v1V1 ~1Vi it'-iu1L 1 m ~vi' a-J m1 Vii\l,-i1 mf v. 

1 °15L-iJ3JRLVIULfl ff'lJU1VI L~ nLL Y1'1 L 'Ji1~'1V1 L-ii3J~L 'lfm\I t111 iff-i LL~fl~-JU1 n-i 3 U1 LL~1 LL~~1LL 'VI ii-iLrn:: 
'IJ • 

<V ~ ,, <t 1 ~ V \l• •l a':1 d A A A oe1, ,, o 11.,1 fl113JLVi3J1rn3J Vifl\l\11nuv.m::VIUL'll3J VI £JL'l5n1::LLff YH'f1Ylr.JflVl';J1nLfl1()-J3J()YIL'l!tn\HnU1 ti • 
d "' " . 'I ""' "" "'11 l.':1 ' .Jt , " !'I "' "" 'llm.::rmnm::qiu r.iu1m::1am 'V\3JvV.3J vm1r.i1m1vi 111 L'V\1v1J ')-;JV1m::qimu1 ')Lum1-il-n::Vi1a'l!1 

'IJ • 'IJ 'IJ ' ' ' 

1nUL1£Jn11 "m1i'.fwii3J
1lwvh" (hiR~£J1u11m m1m::v1uL-ii3Jlim1iru Vi3JU ~-JL-ii3J:ilufl-J 'Vl1a1i 

' ' 
ff3Jtt.

1
l Vi1~vi~13JL-ihm~1 l-zfl v.JLr.i1 '1fl'1) hwi1

1
ltl m1i'nH1flf-i'Vli1-i '),-i:: linf!1u1::mm 20-30 

' 
mfi Vii-itf uavi m1i'nH1 LULL~ fl::flf-i-;i::vi' v'1mmLciJ3J van iJ-;i,-iuv.~mu~ £J11J1fl~1l~3J1~1~1uit£J3J 

1 ' u 

1 iL-113.J LL1J1Jfl~'1 L~ mrf-J LL~1J1'1 LL v;_, v1'1 LL "it::it11itl'tl1£J1 i'L-ii3Jli1UYl1~'1ff13J1'rnlt1n iu m11-zflvi' 
'IJ 

an'V\ i-ir.hun113.Jiuri1 LiU11f'l';J1nL:ftv 1Vl£J~1V.Yl1 ~L:V£JV.LLU::U1 Litl'tJ1£Ji'Um1i'nli1 Lmflv'1vlV. 
'IJ 'IJ 

aU<il1,.(t-i:: 3 ~f\I (1miu1"it) ~mita-inu 2 aiJml{ 'V\1nv1m11liJ~ifULLU::lh1i'Vl£J~nT~fol!t1 LL~ 
' 

t11e:i1m1~:fiuLL u::u11 Y.'fum1i'nH1~a 1~£Ja1-;iti~'11v.1uflf-i lv.m1foH1LVi~aiiJm-.{t-i:: 1-2 Af-i 

V113Jm13JL 'V\3.J1::ff1J 

Rii."Yl 
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., .. ~ ~ (1,3) 
f.J~'lJ1\I L~U.l\l\11nnT:iH\I L'lJ3J 

m1~\IL .iJ11a1'1ria 'l iLnV1r-rn'li1'1 Lf) r.i-1vi~a ti1nT'i111vlnh::a-.H) L 'Jiu a1nT'iwmhu'iL 1 m~ 
11 .,.., :1 a a A !'I .d " A .., ,. ..f d 
LV111.J n11~\IL 'JJ3J a1 n11L3J1 L 'JJ3JVl1tl LuUL'l3J'11nA113JVIULVIUV11tlVl11Vlrnn n1WIVI L 'J5mu vn::Yl 

{LLt-IL'I tJ VIUtl\I} n11LLYl\l~na1r.n::111r.J'lu acl1\l'hiivi111 t-il'l'li1'1Lflr.J\1~1ULV1qjff13J11f1Uti\lnULL~:: 

'Vl~nL~ r.J\l'l~vi1n~th r.J1~i'um1i'mf1'11nLLYrn r.J~ iiA11111'A1111'111u1ru LL~::iin11'liL YlAi'.iA 
\I \I ., 

tl ..f "'"" 11~'11nL 'JjtJYlVl~tl 

th::~u nTrn!~1'l.i\11U1i ti: nT':i~fo L;J3J~n'tt1 h~,Y el L~1 L~el3J 
Am::1i rJ'JJ tl\11l1A1'lf1L1li'l51Yl r.J1 A m::LL ~Yl £J~1avif 3JVl11Yl mi m ~rJ\I t viiJ 1~~mfl 

LmrJrn ti£Jutl1::~Yllit-i~'lla-im1~-iL-ii111wvhnum NSAIDs 'lfitV11V11A~~LLUA (diclofenac) 'lu 

.... 1 " ' d .r .... \t "d d A d o A"' ~ " (12) 1 
m11mfl 1A'llm'll1rnti11 uan'11nu£J-i ~~n1f1n-im1rn111qY1li1::vi11\11lim1Yl\lfiti\lm£J Vlr.J 

rhm1~n1f1LL1.J1.J randomized, double-blind, placebo controlled study LU~U1£J~LiJUhA'Jia 
\I 

• .d .. A A .... 0 (13) O 

L'll1Lfiti3Jmmnm'l'ln111W;JUr.J'llti\I The American College of Rheumatology '11U1U 196 

11£J LLL'l::LLU\l~u1r.Jaamilu 4 n~3J1vir.Jm1~11~1acl1-i LLviL'l::n~11'1::'l~fom1i'mfl (Gl\ILrnVl-i11 
\I • • • 

'l d "'.I ' um11-iYl 1) mu 4 «uVl1'VI 

el1"'j1\I~ 11lim1i'n1f1'lu~t'.hm.f-i 4 n~11 
\I • 

n~3J • 
1~1A~~LLUA 

mvi~an 

1i'mh::mtu1f,rn:: 25 ihian~lJ 1ua:: 3 flf~ 
2 \l~rrnrn'lh (Dubi, medial Xiyan, Trigger point, Ququan) 20 mYitfl.f~ 3 fl.f~tfilJm°\{ (1m1u1u) • 
3\i'ur-luiiLafll'r'lw1 (patch electrodes) qjVlu~nnl\IVIN~L-iilJ LL~1Gim'li1nrnfl1D~n1LUvi1vlvh~aEJn • 
41.ri!m::uff1~~vh biphasic pulses m111f1~1 (2 LiHwn) Lrn::m13.1u1~A'~A'V1~N'tl1£JA'1i.JTH1'rm1vi1vi£J1ll~n 

\I 1 \I " 

L~U {'lJU1VI 11aY1~1~'1Elih~~Uui.JLlUf) 

,r_,dlu'Ji1-iviit'1itlV11\{riaum1~n1f1 (itlm~ O) ~u1r.J'1::~a\IV1r.JV1m1i'n1f1hm'lhL~a11 
\I • 

~1 r.J1lim1vi1\I ') LLvi'1::t1't1lJ1VI 'l vi'L'lfl~LU ~1::r.J1~111L'lfV113JtJL'IG113JA113J~1LUU (rescue 
. " d tl A .d ..:' ..... I .. ... !'I ... ..f .... 'I • d 

analgesics) 'llti3J~Yl 1::L3JUL3JtifiUHVlffuVl1VI 0 rimuU'llti3J~~U;J1U'llti\lt-iu1r.JLLVIL'l::11£J 'lf\1'1::rin 
\I • \I ... \I \I 

u11tJLmm.JLfi£J1.JntJn111h::LijUVli'1ifUfi~n11i'n1f1 4 itJ~n~ (itlm~ 4) acl1-ihnV113J • 
7::'Vl11-im1~n1f1 r.T-iauru1vi 'l i~u1 r.J 'l i£J1~111L'lfvi111a~ (500 ijl'I~ n-l'11) LUU£J1u11m1tl1V11~ 

• ., \I 
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i1;f1Yl lunTl~mfllfiYILLri ~::LLU\l.~113JL~1JthYI visual analog scale 01 AS), Western Ontario 

and McMaster Universities (WOMAC) OA Index, Lequesne's functional index, L1fl1~Li'L~\l. 
•• I • ~ d, " • ..... I .. A "' .. • .... 

1::m:Y11\I 50 nVI, u13J1UUJ1~111L'lfq)13JElflYIL'lfYl£1HuYl1~' m13J~YIL~U'l.1£l\ILL~'Yl tJV!Eln111nlfl, , 
m13J~Yi L ~u'l.I £>\lr-l'u1 u<il £>m1i'mti LLfld'tJ tJfl::'l.lu\l~T" 1ur-l'1J1 u~YltJUHil.tJ\l<il £> m1i'mt1 

v v 

(responders) 

r-l'1J1u~\I 4 n~3J~'llt1llflvfii.~1ii. (base-line characteristics) 
1h.i<il1\lnii.t1ci1\l~i\u"1Aru 

\.I 1 \J "' " 

'Yl1\1Hn~ LLfl ::~r-l'1J1u~1u1ii. 186 11u ~'l~fom1i'mfl-;iumuV113JLL~·mm1i'mfl 1Yiur-l'1J1un~ll v v , 

~\IL-ii3JL Wvh~m1Yl tllJHUEl\l<il t1m1i'm~t1H\IHYI 1 mn tl1J'Ylni1:B'11i1 (~-;i11m1-;i1mhm~ tJ'l.I ti\! v , , 

~rn uu ~f!Ylfl\I) ~\Id ~1Jm13JLLV1n<il1\lt1 ci1\l~UtJ~1AtlJ'Yl1\IHn~h::~i1\ln~3J<il1\I ') i\ILLHYl\l L" 
d .¥.., , ".'I d < « , ..,,¥ , 

Yl111\l'Yl 2 ii.t1n-;i1nur.1\l~u11 ~u1umL~'YltJfl\lm1m~u11 "t11m1Y1'l.IUll1n" (21 LU 46 11u) 
v 

LLfl::r-l'1J1u~i;rnuaii.t1\l<ilt1m1i'mfl (27 Lii. 46 11u) ~~1u1ii.a\laY11un~3J~\IL-illl'lWY:h LLfl:: v v , , 

LLV'ln<il1\1';11n ~ll~L ~~ti ti ci1\l~UtJ~1Aru'Yl1\I an~ ("1~i'uCi11:B'1Yi~U\l.ElnL ~ ~ mnn~'l~ £1ilJ1£.IL1 , ~ 

Lilu.i1:B'1Yl~L~~1J~113J LLV1n<il1\11::~i1\ln~ll~\I ~) ti ci1\I 'l 'jflVJ13J L~ t1~-;i11nn 1 ULLJ'l.I ti\! tl1n11 , 
"' ,c:t I ~d I .ell A " .cll I I A A 
'l.11\IL~W\l'Yi1J11 'Yl\IHnfllllln11Lnliltl1n11'l.11\IL~tJ\I (L'lfU ~f1Yltl1::1J1J'Yl1\ILYIU£11~11~u1J13J ~113.J • 
iuL~tlYIH\I) 'l~uqin<iJ1\lnu LL<iln~ll~\IL-illlLrn::n~lli'mfli13..1~famaLnYim1wn.ff1u'7L1m-;iY1 v , , , 

~\IL-iillll1nni1n~ll~L ~~ti LL<iltJ1m1wn.ff1a1ll11n~1u'l~Lt1\1111ul u 5-7 1'" , 
-;i1nm1~m~nif miua1ui1m1~\IL-il3JLWW1~u1::a'Yli~flL~itt1ni1m1i'mfl~flt1nLLfl:: v , 

m'lYi foflwLm~ lum1i'm~n h~-llm'li1L~t1ll (Lrla~-;i11nn-;i1nu1\li1:l1Yi) t1ci1\1
1
hnV11ll m1 

~\IL-iill'l ww1i13Jn1J m1i'uu1::'Yl1um 1Yi t~f!W LL"~ 'l~11Yi1~~fl L ~itt1ni1m1~\I L-il3JL ww1~'1t1m1 

foth::'Yl1Ut11
1
lVJ t~tiWLL U~t1ci1\l LY1t1ci1\l~rt\I 

-;i1nnti'lnm1Dt1nq'Yl~Lrn::m1~mfl'Yl1\l~~Un~n~11m'l11\lc;i'" LLHY1\ILiL~ui1 m1 

~ "' • !"I A"' "'"'· ' A A , .... t " . A .r .... !"I A"'"'. ... 
H\IL'l.13JU1-;J::LuUTlin11'Yl3Ju7::amm1~LU.n1'1nlfl 'j~'lJtlL'l.11LHtlll ut1n-;i1n'\.\tJ\ILuU11i'Yl~tlU'l.11\I 

Ufl ti Yin u LLti::~~ ti'l11\I L~ tJ\IUtl u ~\lii1-;i::a1m1n\t1m 1i'Lilum1i'mfl'Yl1\IL~t1n1 ut '~~l~ 
1Yi £.I Lu ~1::r-l'1J1 r.J~1bJa1m1n'Ylu<il tl~fl'l11\IL~ r.J\1~'1t1 ~'" t1i13J 1Un111 ir..11 LL~UU-;J-;JUU L 'liu £.11 L'" v • 

fl~3J NSAIDs LUU~U , 



48 Thai J Pharmaco/ 

~ ' d tld ti .., .¥.., ' - ~ ... ' 
el1'i1\IYI 2 fl1LUfH..l'lJth1n1'H fHJULL fl\l (mean change) Cfl1'l51Cf1Cfl1\I ') LUrnl..IL YH..IU1::~11\I 

..,_I .-d ..... I .-d .., ti " A 

~uCfl1~YI 0 LLfl::~uCfl1~YI 4 (CflCflLL fl\l\11nLtln~1'Hl1\ltl\l~3J1tJLfl'lJ 16) 

.., ,y.., 
Cfl1'l51Cfl 

VAS 

Lequesne's functional 

index 

WOMAC 

Pain index 

i'mfl~fltin 

(n=45) 

-22.86 

(4.02) 

-3.82 

(0.51) 

-3.31 

(0.68) 
1 
n fiJJ ~-3L .iJJJ ~LQ'l n~1-31J1nnfiJJm'l-i'mn~ fl El n • • 

2 
n fiJJ ~-3L -iiJJuqi n~1-31J1nnfiJJ1~ hrnfl L~ i.ti • • 

3 I - I f I -

naJJn1'l'lnlf1'l1JJLLQ'lnm-31J1nnaJJn1'l'lnlf1~fl!ln • • 

vfom1 

(n=49) 

-32.99 

(3.94) 

-4.80 

(0.61) 

-4.90 

(0.53) 

1~vh 

(n=46) 

-48.24 

(3.59) 

-6.44 

(0.59) 

-5.65 

(0.59) 

i'mfl~111 

(n=46) 

-35.59 

(2.74) 

-5.39 

(0.52) 

-6.28 

(0.77) 

value 
a 

<0.05
1

'
2 

<0.05
1 

3 
<0.05 
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~rni::%'£.J 'llth11l1f11'lf1Lni'lfi'Yl£.J1 mu::m1m£.Jl'11Hvif ll'Vl11'Yl£.J1im:n£.J\lllui 
1
t<il 

rhnT"IfimflLL1J1J randomized, double-blind, active controlled study L~vtJ1::Li:!UtJ'l::~'Yln~fl 
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o "' 11 "' d !'I o "' d. I 11. I ., 11 "' ' d1t ., 
'lJB\lVl111J£.J1HlJU Yl11'VIH "SMT-051" ('ll\lLuUV11'l1J'Ylu1::nvu uCiJ1£.JH3JU Yn 15 'lfWil V113J'YI VI , . 
"' '° It~ "' ""' ~ , "' '...- "" (14) •I'" "" ., 1JU'Yln 1mflllll1 Bei Ji Qian Jing Yao Fang Vl\lLLVIHllm1'lf1\lflO\l'llB\1'1U ) Lu'l£.J1JL'Yl£.J1Jnrn.n 

1t 1 ~I l "' 1 ., 0 .d l "·'I d !'I 1 ., 0 .d ' VI flflY1LLUfl Un1'l'ln1fl 'lfl'lltlL'lJ1LHB3J U~u1£.J 46 'l1£.J'YILuU 1fl'lltlL'lJ1LHB3JVl13JLmwnm'l 
\J 

AA ... (13) ".'I "'"" .._ , ..... 
1U'1U£.J'llu\I The American College of Rheumatology ~u1£.J'Ylllfllli~ll1JVIV11l!Lnrn'YlflVILtlun 

\J , 

'1::rimLti\luumtlu 2 mill 1V1£.Jm'liill<il1u r.i1\I LLGiri::n~ll'1::1l<ii'fom,-fmfl<il\lLLHV1\llll uvi1,-1\l~ 3 
\J , , , 

!'I "'.I ' LuU1::£.J::L1fl1 4 HuVl1'VI 

... 
n1'l'lnli1 

' d 
nri3.J'Yl1 

. d 
nrill'YI 2 , , 

(n~mrn1-1.
1

lvn) , , (n~ll1lV11flrilQLmfl) • 
£.J1LL~UU'1'1UU 

1 
'tVI 1flrilQLmfl (11'Yl1L'lU ®) l'.J1'Vlflvn , 

m ~ll ulvfi 
2 

Hllu'lvn SMT051 ~3Ju1tYi'l'Vlflvn , , , 
1 .. ... l; ... ... ..... 
t~lmivhLufl (25 irn.) wrna1v.1rnn "iUtl"i::mum.rn:: 1 ILflU'lll'l 1\.rn:: 3 L11'l1 Vtl'l-.l!l1Vt1"iYIUYI 

1J 

\niutvn (500 im.) v.~ua1v.l'lun fotl"i::muflf,rn:: 6 ILflU'lll'l 1ul'l:: 3 L11'l1 v.tr-.lu1v.1"iliuii 
• 1J 

1uih\litJV11l{L~3.J~U (itJ~nl{ 0) LLfl::'l::'Vl11\ln11n11finli1 (itJV11l{ 1-4) rttl1 l'.J'Yln'l1 l'.J 
\J • 

<ii' u\l'VI l'.JVI 1im LLntJ1V1 mi'nli1 hwii u LLri::m,-foM1 hfl'li v~1 l'.Jiim,-~u'YI n'lfiiVI 'livllri~tJ,-::Li:iu 
• , \J 

L~ vtiUHVI itJ~nl{ 0 n tlLUU'Ji tlllflyf U;i1U'lltl\lftU1 £.JLLGlfl::'l1 l'.J 'VI i\!'11 nif uftth l'.J l ULL<;) ri::n~ll'1:: 
, \J .. \J \J , 

1t~fom,-foM1<il\l~LLH~h11H'luvi1'l1\l~ 3 Luunri1 4 itlV11l{ hwijm,-tl'l::Li:lu~rim,-i'nli1LLri:: 
~ri'li1\I LA l'.J\l'Yln itJV11l{ , 

Yi1J11 'Ji tlllflyf U;i1U'lltl\lftU11'.JJ\lHtl\ln ~3J~fl113Jfl tri l'.Jfl~\lnU n~11~ ti tl1 l'.JtJ'l::lJ1 rn 60 
\J .. \J , , 

iJ LYi~'V\ru\lmnn11'lf11'.J J1mt'ntJ,-::mm 60 nfoni'11H1UH\ltl1::mm1.5 Lllm na1m,-tJ1V1L-ll1 
~ \J 

mtl,-::mrn 6 iJ ~fln1'lLtln'ifL'lrJ'lim-ll1Yiu11ti1u1'Vlqj~ Kellgren-Lawrence grade Ill-IV uri::~ 

nl'lLtJ~ m.mtJri\l ti LJ1\I L ~u l<iliVI~ medial tiibiofemoral compartment 

* vn~1ourn.Vu Radix Angelicae Pubescentis. Cortex Eucommiae, Radix Angelicae Sinensis 1nu9i'u 
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m'i~nli1fff'1ifijr.J{lflU~1i"i" 4 '>1tJL~fh1'11ntnm'>1l1i~:il" (n~mnm'lY-1'> 3 '>1tl m-i:: 
~ , , 

mi3.J1lvill'l i'I WLLU~ 1 11tl) Ylnd1tJ{lflU~1LWlf1 '1 illm°tf~ 1-2 ~a\11l~fom1i'mfl Lrlti1Lm1::.X , , 
'lim .rn 1vi tJ 1 i'r.ltl1 tin m1tJ1 ULL!Ji i'l::n ~mtlmnu (intention-to-treat) LLi'l ::flumu i1r.ltl1 ti~ {l tiu~1 

\J \J 1 4J tlJ , \J 

'11nm1i'm.flij~::Lmu1h.luvinGi1\1'11n~:: LLUll.~U 'i:: d'.Ju'l~~f_,,w1~1t1 (last score carried forward , 
'l " A ., 'l !'J .J ,d 1 " a 0 It d technique) '1:: Vlt·rnmwln1!1'1Vl\ILLiWl\I 1Lll.Vl111'1Yl 4 'll'1LLHVl\I ~L~U11H3.JU Y-1'> SMT-051 3.J , 

• I A A 1 ., y " ' d d " A ., 'l y :ti d !'I A u 1!:HYIJH..Ji'I Un1d')nli1 L 'j~'lJtlL 'll1rnti3.JYl~i'l1 tl~i'l\lnlJ tJ1 Vl L~i'lnLLU~ (LUtl\1'11nLuUn1Wlnli1 

Lif fl\l~u LLi'l ::'llmvi'll ti\! n ~11~1 ti ci1'1fitiwll'1'1L~ n ~" rr_, 'l1iijm1Lmt1rn Yi tiu hrn 1 i'm11Lm1::.Xn1" , 

'11n m11l1::L3Jmfi mnur-.ii'l'li1'1L~ ti\! fo ti m1i11111limr.i'tl1 t1Ymi1 r.ltl1ti1 un~11H11u'l Y-1'> 
~ ~ , , 

13 11t1 m1:: n~11'lvi L~i'lvhm~ 9 11t1 ijt11m1'li1'1L~t1'1'11nm1i'mfl ~"~1u1~ruLtlutJ1m'>~1hJ , ., 

1ULL 'j\I LG'\ tin~ 3.JH3.JU 'l y.j'j"LL U1 L U3.J'll tl'1 n1'iLnVI tl1n11~1\!UflULLi'l !: r-.!i'l'li1'1 L~ tl\lvl m::1J1Jl11\IL~U , , , 
t11~1 '>mnni1n~11'lvi L~i'IWLL u~ 1u'llm::~n~111lV111'1t1WLm~~uu1 lu11Lnvim111im~tiviR'11l~ , , ~ 

mnni1 flit" '1::L v;u'l~i1m1~mfld~tiu1im'>mm1L nVlr-.i i'l'li1'1 L~ ti\lvi m::uum\IL~ut11~11'11 n , 
'l y !°!I ' " " ~ .J' d 'l ""' ., " · 'I d "' . I .._ y VI L~i'lnLLU~~ flU'lJ1\!Ufl tJ Yl\!Utl1'1L Utl'1111'11n V13.Jn1'>~Vlr-.lu1 tll13.Ju1!:1Vl'lltl\I L 'j~LLr-.lflnd!: L Y-11:: 

~ 

t11~1 '> ti tin ti tinvf_, LLvi.ff uvi flum1iilvi L~ tin ti ci1'1
1
l 1nm11 m1H11li1i'1Hti\ln~11~ tiu1im1n!m1 , , , 

LnVI t11m1'li1'1 L~ tl\lvl1'1 '1 mnuti tlvl1\I nu ~'1ti 1liiJ u ~1 LUU~ tl\I tl1tl tJ'lJU1Vl'lltl\ln ~3.J~1fl ci1'1~3.J1n , 
if u LLi'I:: ti1'1~1 Luu~ ti'1'ti1m1~nli1Y11\1~1u ~li1n m 1 uivi1nvit1ti"i"1u11lLLurnut1uY-1au ~" 

~ 

d - ~ - I V 

LUtllJY-lfm LLi'l!:L 1tld\1113.JYl1 tJ 

a1~ fo m11l1::L3Jum1111lt1 tiVlrl t1'llti\lm1i'nli1 LV1t1tt1r-.it1m'>vi11'1 complete blood 

count, serum creatinine LLfl :: liver function test Lrltiill.HVlillvn.X~ 4 mLmt1rnrit1unu'li1'1 , 
ri tium1i'mfl ('li1'1iii'Vl L~ tl n) Y-11Ji1i\!Htl\ln~11~fi1m~ tJ L U'li1'1 ri tlULLfl::~ a\lm'ifoli1 'liiLLVI nGJ1\I , 
nu tici1'1

1
l1nvi111 m11l1::LiJuLULL~Un~1Ltlu~t1'1ti1tltl'llU1Vl'llti\ln~11~1tici1\l~mnni1UL'liunu , 

'11nr-.ii'lm1~nli1i'1n~11LrnVl\I 1iL y;ui1t11H11u
1
lY-11 SMT-051 i\1'1::ijLm11 u11~H1m1n , 

tt1m 1ii'mfl h~'lim-li1L~t111'l~ L rtti.:i'11nu1'1 :: ijiJ1::anim~ 1um1foM1 (LVlmuY-11::ti ci1'1fl'1 L~ti 
L m tllJL Yi tllJ nu m1foll1::n1ut11

1
lVl 1~flW LL u~) LLt1 ::1l1i~r-.1i'l'li1'1L~ tJ\l~"lULL '" LVI '1 tl ci1'1 l'inV113.J , 

'11nnT'i~1U1llil11\IHfiGiL~tl~1'lJU1Vl'lltl\ln~3.J~1tlci1\IY-11Ji1 n1"l~H'1ll'i1t11H3.Ju1lY-11 SMT-051 ~ , ~ , 
ll1~annr-.1i'ILYit1rnr11nut111lVlL~i'IWLLU~,ru ~1LUU~tl\ltl1tltJr.i'tl1t1tici1\!Utltl 200 "l1tl (100 "l1tl/ 

~ 

n~3.J) ~'1ITTit1mVli1'1:: 'ti1m1~mflm1Ji\I 200 "l1tl LLi'l !:"l1tl\11Ur-.li'ltlci1\ILUUYl1\ln111l~111ni'11\I , ~ 

iJ Y-1.~ . 2547 
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1. VAS' 'll!l\lfl11JJthvi 
1
•
2 

... J' 
n. 'll rn::Lvi\.um vrn. 11u 

U. 'llnt::Lfl~!l'l-\1Vt1\'l-\rh~thVl 
• d 

L'lJ1JJ1n1'HiVl • 
2. VAS' 'll!l\ln11Vl!l1JH'l-\!l\loi!ln1'~~mfl 1 '3 

n. 1.h::Lii"hwr.Yll1ll 
\I 

3. Lequesne's functional index 
1 

... . 
'VAS VtJJ1lltl\I visual analogue score 

51 

65.9 (18.1) 19.4 (23.7) 65.1 (19.8) 20.8 (20.2) 

56.5 (20.2) 20.5 (25.7) 59.1 (20.1) 18.6 (17.5) 

64.6 (15.6) 21 .5 (27.2) 62.1 (17.6) 20.6 (19.0) 

47.7 (27.1) 13.9 (19.0) 51.5 (27.0) 10.8 (14.4) 

41 .2 (18.3) 11.3 (16.4) 46.3 (23.1) 11 .9 (14.4) 

80.6 (18.6) 36.2 (33.8) 77.6 (18.0) 38.8 (32.4) 

- 73.0 (27.0) - 75.0 (22.0) 

- 66.8 (17 .3) - 66.4 (10.8) 

14.5 (3.3) 9.6 (5.1) 13.9 (3.3) 9.1 (4.3) 

13.2 (5.1) 10.8 (5.6) 12.0 (3.7) 9.8 (4.7) 

- 16 (61.5%) - 12 (60.0%) 

- 13 (50.0%) - 7 (35.0 %) 

- 15 (57.7%) - 10 (50%) 

1 !'I 2 'I ' tJ tJ d 3 'l , tJd tJ a.d' d ILHVl\ILu'I-\ mean (SD) (O= L).J 1Vl, 100= 1viinnYIHVI) (O= 1).JL fW'l-\IL fl\!, 100=Vl'lJmJ10YIHVI) • • 
·4rru1ll~ii vAs 'llEJ\lm1Y1D1JH'l-\D\1111lllHi'-ilm"ifoH1mnni1Vi1mr11nu 10 fl::lL"" 

\I 

5r.JlJ1ll~ii VAS 'll!l-ilm1JJtl1V1~1ni1Vt1mr11nu 30 fl::1m" 
\I 
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01: FREQUENT CO-OCCURRENCE OF POLYMORPHISMS IN UDP­
GLUCURONOSYLTRANSFERASE lAl AND 1A6 IN THAI P-THALASSEMIA/HbE 
AND AFRICAN AMERICAN SICKLE CELL ANEMIA PATIENTS 

Jeeranut Tankanitle1ta, Thad Haiwardb, Pranee Fucharoenc, Suthat Fucharoenc, 
Udom Chantharuksri\ Russell E Wareb 

a Departme11t of Pharmacology, Faculty of Science, Mah idol U11iversity, Thaila11d, b Departme11t of 
Pediatrics /Hematology/ 011cology, Duke University, USA, cThalassemia Research Center, Institute 
of Scie11ce and Technology for Research and Developmellf, Mah idol University, Thailand 

ABSTRACT 

UDP-glucuronosyltransferases (UGTs) are .important Phase II metabolizing enzymes. This 
enzymes can conjugate with a wide variety of endogenous and exogenous compounds. The UGT 
1 A family contains many isofroms. The polymorphism or varient of different isofroms may involve 
with many diseases and abno1mal drug metabolism. Polymorphism of UGTlAl (UGTlAl *28) is 
associated with Gilbert's syndrome, a deficiency in glucuronidation of bilirubin leading to mild 
hyperbilirubinemia. While two missense mutations on one allele of UGT1A6 (UGT1A6*2) results 
in the lower glucuronidation rates of several drugs. Previous studies revealed that there is strong 
association of hyperbilirubinemia and gallstone formation in P-thalassemia/Hb E and sickle cell 
anemia patients with the number TA repeats in the promoter of the UGT lAl gene. This 
communication is a rep01t of our preliminary data of genetic polymorphism of UGT l A in 260 
Thai P-thalassemia/Hb E and 163 African American sickle cell anemia patients. Genomic DNA was 
obtained by standard methods from peripheral blood leucocytes. The promoter region of UGT l Al 
and coding region of UGT 1 A6 were sequenced by automated sequencing. The frequencies of the 
TA repeats 6/6, 617 and 7/7 at the promoter of UGTlAl gene in P-thalassemia/Hb E and sickle cell 
anemia patients were 0.711, 0.277, 0.011 and 0.251 , 0.313, 0.135, respectively. However none of 
the P-thalassemia/Hb E cases have the following genotypes;5/6,5/7 ,5/8, 6/8 and 7 /8 , while it was 
found in 28.8% of sickle cell anemia cases. Co-occuffence of UGTlAl *28 and UGT1A6*2 was 
found in both groups. Sixteen haplotypes were revealed including a haplotype consisting of allelic 
variants of all two isoforms. 

This preliminary data suggest that the polymorphism of drug metabolism enzyme gene 
may involve in the drug use, individualized medicine in Thai patients. 

Key words: UDP-glucuronosyltransferases (UGTs), P-thalassemia/Hb E, sickle cell anemia 
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ABSTRACT 

It was previously demonstrated that the response of platelets in splenectomized-P-Thalassemia/ 

Hemoglobin E (Sp-P-thal/ Hb E) patients were increased both to mechanical and chemical 

stimulation. However, the precise cause of platelet hyperactivity in these patients has not been 

elucidated. Recently, our group demonstrated the present of high concentration of hemin (a 

degradative product of hemoglobin) in serum of P-thal/Hb E patients and found that hemin 

readily catalyzed free radical reaction. Hemin, however, has not been detected in the serum of 

non-thalassemia subjects. It was previously demonstrated that hemoglobin released from RBCs 

modulated platelet functions through the free radical reaction; therefore, we performed the study 

to evaluate whether hemin (iron (III) protoporphyrin IX), was responsible for platelet 

hyperfunction in the splenectomized P-thal/Hb E patients. The ·effects of hemin on platelet 

aggregation of nonnal volunteer's blood were performed using both whole blood (impedance 

aggregation) and platelet rich plasma (optical aggregation). Platelet ATP release was also 

monitored. The results showed that hemin was dose dependent induced platelet aggregation and 

secretion. The platelet aggregation and secretion induced by hemin was shown to be inhibited by 

COX-inhibitor (indomethacin), and an adenosine-uptake inhibitor (dipyridamole). However, 

mannitol (an OH0 radical scavenger) did not inhibit hemin's effects. In addition, deferoxamine 

(an iron chelator) partially inhibit hemin-induced platelet aggregation and secretion. It is likely 

that cyclooxygenase pathway and I or increase the production of cyclic nucleotides are involved 

in hemin-induced platelet aggregation and secretion. 

Keywords: hem.in, platelet aggregation, platelet secretion, indomethacin, and dipyridamole 
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ABSTRACT 

Fruits and vegetables protect against many diseases by so far not well 
characterized mechanisms. One likely explanation for this effect is that dietary plants 
contain the antioxidants that are able to control basic cellular processes and defense 
against oxidative stress. Oxidative stress is pivotal in many pathological processes 
including hemolytic condition and reduced oxidative stress is implicated in alleviation of 
disease. The present study was aimed to evaluate whether extract from Barri11gto11ia 
acutangula (B. ac11ta11g11la), a Thai local vegetable can minimize phenylhydrazine (PHZ)­
induced oxidative stress and circulatory dysfunction. Male Sprague-Dawley rats were 
orally administered with B. acutangula extract (lg/kg/day), quercetin as positive controls 
(50 mg/kg/day) or deionized distilled water as controls for 6 days. On the forth day of 
treatments, all of studied animals were induced hemolytic anemia by a single injection of 
PHZ ( 125 mg/kg i.p.). Our results demonstrated that B. ac11ta11g11la extract and quercetin 
could elevate the cellular antioxidant system by increased the intracellular concentration 
of glutathione, whereas plasma levels of malondialdehyde and nitric oxide metabolites 
were decreased in anemic rats (p<0.05). Moreover, B. ·ac11ta11g11la extract and quercetin 
significantly improved hemodynamic status of the anemic rats by increased mean arterial 
pressure and peripheral vascular resistance (p<;0.05). It is concluded that t.reatment of B. 
acutangula extract and quercetin could not only decreased oxidative stress, but also 
ameliorate the consequent effect of PHZ. Therefore, vegetable co-treatment in condition 
of hemolytic anemia may be proving beneficial. 

Key words: Barringtonia ac11ta11g11la, quercetin, oxidative stress, antioxidant, anemia 
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ABSTRACT 

Atherogenic-related vascular complications commonly occur in P-
thalassemia/Hemoglobin E patients (p-thal/HbE). It is believed that oxidative modification 
of LDL could be a contributing cause of atherosclerosis. This study was designed to study 
the changes that occurred to plasma lipoproteins of P-thal/Hb E, under the profound 
environment of oxidative insults from iron overloading in patients. The markers of 
oxidative stress were monitored in 30 P-thal/Hb E patients and compared with 10 healthy 
volunteers. It was the varying degrees of iron-overloading in the patients that rendered 
oxidative insult to the body tissue/organ, resulting in a precipitous drop of plasma and 
tissue vitamin E, a major hydrophobic chain breaking antioxidant with accompanying 
accumulation of TBARs, the oxidized products of lipids in the plasma and lipoproteins of 
the P-thal/Hb E. 

The plasma profile of lipids, namely cholesterol (C) and cholesteryl esters (CEs) in 
both LDL and HDL were separated and characterized using an HPLC. The characteristic 
changes in lipid compositions of the LDL and HDL of the patients were markedly different 
from that of normal individuals. The ratios of some cholesterol esters (CEs) over the total 
cholesterol {TC), namely the cholesteryl linoleate (CL) to TC in the LDL {p<0.001) and 
HDL {p<0.05) were lowered in the P-thal/Hb E with less effect observed on free 
cholesterol (FC), suggesting that CEs, located at the core of the lipoproteins were prone to 
more oxidative damage than those FC located at the periphery. This finding was further 
supported by the elevated ratios of free cholesterol over total cholesterol (FC/TC ratios) in 
both LDL (p<0.05) and HDL {p<0.001). The lower ratios of cholesteryl linoleate to 
cholesteryl oleate (CL/CO ratio) noted a significant correlation with clinical severity 
suggesting that CL/CO ratios could be used as a clinical marker/index of severity in the P­
thal/HbE patients. A closed relationship of non-transferrin bound iron {NTBI) and TBARs 
(r = 0.925, p< 0.0001) in LDL of these P-thal/Hb E patients with also a CL/CO ratio ofless 
than 2 in lipoproteins (n = 10) strongly support the contention that non-chelatable NTBis 
initiate lipid peroxidation in the P-thal/HbE. 

This study demonstrated that cholesteryl linoleate is the primary target of oxidative 
damage in lipoproteins, which was induced by NTBis in P-thal/Hb E. It thus suggested that 
cholesteryl linoleate could be used as an indicative marker of clinical severity in 
thalassemia. 

Key words: lipoprotein, P-thalassemia/hemoglobin E, oxidative stress, cholesteryl 
linoleate, cholesterol, NTBI. 
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Reaction time responses are inherent in many of the skilled activities used in 
daily life which often require rapid but coordinated responses. As a result, 
measurement of reaction time is a popular test frequently incorporated into 
psychopharmacological study designs. The objective of this review was to analyze the 
properties of reaction time in different aspects of performance: sensory, motor, 
attention, and memory to assess whether they represent distinct, independent 
measures of cognitive ability or whether they share common characteristics and as 
such should be considered as one single measurement. Four separate placebo­
controlled, randomized, double-blind, crossover studies of four different psychoactive 
drugs: pregabalin, alcohol, alprazolam, and lorazepam (the latter two used as positive 
controls) in healthy volunteers are presented in this metaanalysis. The psychometric 
tests that contained a measure of reaction time included the choice reaction time task 
(CRT; test of sensory and motor reaction time), compensat_ory tracking task (CTI; test 
of divided attention to peripheral stimuli), and Sternberg memory scanning task 
(STM; test of working memory) . The response measures were determined as an 
overall reaction time ·score (pooled reaction .time of all psychometric tests) and 
individual reaction time score (reaction time of each psychometric test). An 
info1mative comparison of the results of five independent studies was made using an 
effect size analysis which quantifies the 'strength' of each drug effect in each 
performance test as compared to a placebo control as a standardized 'd' value ( 1 ). The 
'd' value scores are graded as low (less than 0.400) medium (between 0.400 to 0. 700), 
high (between 0.700 to 1.000), and very high (more than 1.000) levels. Pregabalin 
showed a medium 'd' value on the overall score but exhibited a low 'd' value in STM, 
medium 'd' value in CRT, and high 'd' value in CTI. Alcohol exhibited a high 'd' value 
on the overall score but exhibited medium to high 'd' value on individual test scores 
except STM that showed a low 'd' value. Interestingly, alprazolam and lorazepam 
produced a very high 'd' value on the overall score and showed considerably high to 
very high 'd' values in most of the tests in each study. This supports the view that the 
benzodiazepines lorazepam and alprazolam induce an overall sedative effect and are 
therefore useful to be used as positive controls for studying psychoactive drugs on 
performance. The overall results support the concept that reaction time in general is a 
very useful index to detect the impairing effect of psychoactive drugs, however the 
different modality performance tests are able to detect subtle differences in cognitive 
impairment. It is therefore important that a multi-assessment approach is unde11aken 
to optimize the detection of the effects of psychoactive drugs. 

Reference 
l. Cohen J. ( 1988) Statistical power analysis for the behavioral sciences 
(2nd ed.). L. Erlbaum Associates, Hillsdale NJ. 
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ABSTRACT 

Norplant® implants, consisting of 6 capsules of silastic, is a method of long-acting contraception 

effective for 5 years; while Norplant-2® implants, consisting of 2 capsules of silastic, is effective 

for 3 years. During January 1988 and August 1990, the Institute of Health Research, 

Chulalongkom University, conducted a survey sh.1dy of the attih.ldes of Thai women an the 

acceptance of Norplant® and Norplant-2® implants at the Research Center on Population Health, 

Wat Tat Thong, Bangkok, Thailand. According to the study results, 60 out of 140 Thai women 

(43%), with the mean age± standard deviation of 30 ± 5.2 years, accepted Norplant® implants. 

Seventy percent of them had the education level _of primary school, 36.7% were housewives and 

35.0% were companies' employees. The average monthly income of families of these women was 

5,965.80 ± 1,803.70 Baht and the average member of children was 1.9 ± I. Before accepting the 

implants, 71 .6% used pills as their planning birth control and 86.6% acknowledged the method 

from friends, cousins or those already used the method. Supporting reasons for their decisions to 

accept Norplant® implants were need no more children (26.6%) getting boring of the method of 

birth control (23.3%) and disliking the side effects of the other methods (11.7%). The major 

reasons of selecting Norplant® implants instead of Norplant-2® implants were its larger duration of 

effectiveness (38.3%) and having enough children but being afraid of h.lbal sterilization (35.0%). 

Among the 140 women, 80 (57.0%) accepted Norplant-2® implants. The average of women of this 

group was 27.9 ± 4 years. Seventy percents had the education level of primary school, 36.2% were 

companies' employees and 31.3% were housewives. The average monthly income of the families 

was 5;999.20 ± 1,713.90 Baht and the average member of children was 1.6 ± 0.6. Before 

accepting the Norplant-2® implants, pills were used for contraception in 61.2% of the women and 

the implant method was acknowledged from friends, cousins or those using the method in 78.7% 

of the women. The main suppo1:ting reasons for their decisions to accept Norplant-2® implants 

were getting boring of the old methods of birth control (25.0%), the long period of contraception 

(21.0%), and disliking the side effects of other methods (15.0%). Among this group, 53.7% 

selected the Norplant-2® instead of Norplant-2® implants because they desired only 3 years of 

contraception. 

Key words: Norplant implants, Thai women 
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ABSTRACT 

The seed of the ripened fiuit of Momordica charantia L. (Thai bitter gourd) contains an 
important protein named MRK29. This protein can inhibit the HIV-1 reverse transcriptase. When 
the concentration is increased it can also reduce the viral core protein p24 expression in HIV­
infected cells. It is possible to develop an anti-HIV drng from MRK29. 

The objective of this research was to study the acute and subchronic toxicity of 
Momordica seed protein. In acute toxicity tests, the Momordica seed protein was administered 
intravenously and intraperitoneally into Swiss albino mice and Wistar rats. Following a single dose, 
the LDso of Momordica seed protein in the mice and rats was approximately I mg/kg (i.v., i.p.). The 
abnormal signs and symptoms found in mice were bronchoconstriction, depression, and seizure. 
The abnormal signs and symptoms found in rats were bronchoconstriction, depression, seizure, and a 
red-black discharge from the eye. In subchronic toxicity tests, the Momordica seed protein was 
administered daily intrarectally into Wistar rats for three months at doses of 0.25, 0.5, 1, and 2 
mg/kg/day. Th.e abnormal signs and symptoms found were diarrhea and death caused by diarrhea. 
Moreover, 10% of the rats tre~ted with Momordica seed protein at the dose of 0.25 mg/kg/day had 
an elevation in liver enzymes, i.e. SGOT, SGPT, LOH. But, in higher doses of Momordica seed 
protein, the level of these enzymes was reduced. The findings were parallel with histological 
changes in the liver, i.e. higher doses induced more fatty changes. The Momordica seed protein also 
had an irritating effect on the rectum at the site of drug administration. 

In the development of this product to a pharmaceutical dosageform there should be 
concern about effect on the liver function and the irritating effect on the rectum of Momordica seed 
protein. Finally, more toxicological studies on the hepatotoxicity of Momordica seed protein should 
be performed to establish the safety of this product prior to its usage in humans. 

Key Words: Momordica charantia Linn. I seed protein I toxicity test I acute I subchronic I 
LD50 I diarrhea I iffitating effect I fatty change I hepatotoxicity 
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ABSTRACT 

UGTlAl catalyses the glucuronidation of numerous drugs, non-drug xenobiotics and 
endogenous compounds. In particular, UGTlAl is the sole enzyme involved in the 
glucuronidation of bilirubin, and promoter and coding region polymorphisms in UGTJAJ are 
associated with inherited disorders related to bilirubin elimination. In Asian populations, 
three coding region polymorphisms, UGTlAl *6 (G71R), UGTlAl *27(P229Q) and 
UGTIAI *62 (F83L), have been implicated in Gilbert syndrome while UGTlAl *7 (Y486D) 
has been linked to the Crigler Najjar syndrome type II. However, the impact of these 
mutations on UGTlAl glucuronidation kinetics and substrate selectivity remains utlknown. 
Thus, studies are underway to investigate the effects of these four coding region mutations on 
UGTlAl activity and substrate selectivity. The UGTlAl variants were generated by site­
directed mutagenesis using the wild-type cDNA as template. Wild-type UGTlAl and the 
UGTlAl variants were stably expressed in a mammalian (HEK293) cell line, and activity of 
cell lysates was measured using 4-methylumbelliferone ( 4MU), 1-naphthol (I NP) and 
bilirubin as the model substrates. 4MU glucuronidation by UGTlAl, UGTlAl *6 and 
UGTI Al *27 exhibited Michaelis-Menten kinetics with derived K111 and Vmax (normalised for 
UGTlAl protein expression) values of96, 123 and 188 µM, and 253, 167 and 253 pmol/min. 
mg, respectively. In contrast, lNP glucuronidation by UGTlAl, UGTlAl *6 and 
UGTlAl *27 exhibited sigmoidal kinetics. Respective Sso (concentration at 0.5Vmax) and 
Vmax values, generated using the Hill equation, were 329, 257 and 255 µM, and 109, 62 and 
58 pmol/min. mg. Bilirubin glucuronidation by UGTlAl, UGTlAl *6 and UGTlAl *27 
exhibited substrate inhibition kinetics. Respective Km, Ksi and Vmax values, were 2.9, 2.1 and 
2.9 µM, 121, 69, and 73 µMand 430, 193 and 156 pmol/min.mg. The approximately 50% 
reduction in intrinsic clearance (V111ax/K111) obse1ved for 4MU and 1 NP glucuronidation by 
UGT l Al *6 and UGT l A I *27 was consistent with the reduction observed for bilirubin 
glucuronidation by these variants. UGTIAl *7 and UGTlAl *62 exhibited very low activity 
towards 4MU, lNP and bilirubin. It is concluded that UGTJAJ coding region mutations 
associated with impaired bilirubin elimination also result in reduced xenobiotic 
glucuronidation. 

Key words: UGTlAl, glucuronidation, polymorphisms 
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ABSTRACT 

Thiopmine methyltransferase (TPMT, E.C.2.1.1 ;67) is a cytoplasmic enzyme that 
catalyzes the S-methylation of aromatic and heterocyclic sufhydyl compounds such as 
anticancer agent, 6-mercaptopurine (6-MP). TPMT activity is regulated by a common genetic 
polymorphism, associated with large individual vaiiation in thiopurine toxicity and efficacy. 
The mutant alleles of TPMT have interethnic variability with different frequency and pattern 
among vaiious ethnic population. The study on the association between genotype and 
phenotype of TPMT will be of great value in optimizing 6-MP treatment especially in acute 
lymphoblastic leukemia (ALL) children. 

In the present investigation, genetic polymorphism (genotype) and thiopurine 
methyltransfera~e activity (phenotype) of TPMT were studied in 90 ALL children. The 
erythrocyte thiopurine methyltransferase activity was measured by high-perfonnance liquid 
chromatography (HPLC) technique. The mutant alleles: TPMT*2, TPMT*3A, and 
TPMT*3C were detected by polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP). TPMT activity has shown bimodal frequency distribution with 
the high and inte1mediate metabolizers of 93.33% and 6.67%, respectively. There was the 
correlation between genotype and phenotype of TPMT. 84 ALL children had high TPMT 
activity (> 15 unit/ml of packed RBC/h) with wild type TPMT* 1. The other 2 had 
inte1mediate activity (5-15 unit/ml of packed RBC/h) with ·TPMT* 1/TPMT*3C. So the 
mutant allele was found only TPMT*3C. The rest of 4 had unknown genotype with TPMT 
activity less than 15 unit/ml of packed RBC/h. The possibility for detection of other mutant 
alleles needs to be considered. Gender had no effect on TPMT activity, however receiving 6-
MP affected the activity of TPMT. Therefore phenotype and genotype of TPMT should be 
perf01med for minimizing toxicity and maximizing efficacy of 6-MP therapy. 

Key words : thiopurine methyltransferase (TPMT), genetic polymorphism, 6-mercaptopurine 
(6-MP), acute lymphoblastic leukemia (ALL) 
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ABSTRACT 

Oxidative stress, an imbalance of the pro-oxidant/antioxidant homeostasis, 
occurs in several human diseases and environmental exposure. The usage of protein 
carbonyl group as a marker of oxidative damage has some advantages in comparison 
with the measurement of other oxidation prodm;ts because of the early formation and 
the relative stability of carbonylated proteins. Therefore, the aim of this study was to 
investigate the oxidative stress in thalassemia patients and smokers by using protein 
carbonyl contents. Blood samples were collected from children with thalassemia 
diseases that has regular blood transfusion (n=32) and healthy controls (n= 28). For 
cigarettes smoking, blood samples were collected from smoker adults (n= 18) and 
non-smoker as control (n= l6). Carbonyl contents were analyzed by DNPH assay. 

The results showed a significant increase in carbonyl contents in thalassemia 
patients who have sernm ferritin more than 1000 ng/ml when compared with controls 
(P< 0.05). However, no significant difference in protein carbonyl contents between 
thalassemia and control groups. A significant increase in protein carbonyl contents 
was found in smokers when compared with control subjects (P< 0.01 ). Carbonyl 
contents in adults ( age = 46.75 ± 7.36 years) was higher than children ( age =11 ± 
1.29 years) (P< 0.001). A strong positive correlation between age and carbonyl 
contents was found (r= 0.84, P < 0.001). These results confirm the oxidative stress 
and highlight the formation of protein carbonyl in thalassemia patients and smokers. 

Key word : Thalassemia, Oxidative stress, Protein carbonyl , Smoking 
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ABSTRACT 

Many medical plants have been used for treatment of diabetes mellitus but 
only a small number of these have received scientific and medical evaluation to assess 
their efficacy. Morus alba L. (family Moraceae), commonly known as mulberry 
(Thai name: Mon), is widely cultivated in the north and northeast regions of Thailand. 
In the present study three extract of mulberry leaves were prepared: ethanol (EM), 
freeze-dried water (WM) and tea (TM). The anti-hyperglycemic effect of mulberry 
leaves extracts were evaluated in diabetic rats (fasting plasma glucose (FPG) level of 
250-400 mg/dl) induced by a single dose of streptozotocin (60 mg/kg, iv). Prolonged 
administration ( 4 weeks) of the extracts was perfonned in diabetic rats tci investigate 
hypoglycemic and other effects including effects on body weight, food and fluid 
intakes. Non treatment control and positive control (glibe.nclaminde 10 mg/kg) groups 
were included. FPG levels were recorded at week 0, 1, 2 and 4. 

Oral administration of 150, 300 and 600 mg/kg of the EM once daily for 4 
weeks resulted in reduction in plasma glucosey especially at the dose of 600 mg/kg (p 
< 0.05) at week 1. Moreover, hypoglycemic activity of the EM was dose-dependent. 
It also induced weight gain. In the other experiment, 150, 300 and 600 mg/kg of the 
WM was orally administered once daily for 4 weeks. The dose of 300 mg/kg 
significantly decreased plasma glucose level (p < 0.05) at week l. The WM 150 
mg/kg significantly decreased FPG level (p < 0.05) in a longer treatment period. 
Consequently, polydipsia and polyphagia were also improved in the WM treated 
groups. The TM (2.34 g dried powder/kg), provided as a substitute for water ad 
Ii bi tum at 180 ml/rat/day in a concentration of 2.5 g/L, significantly decreased plasma 
glucose level (p < 0.05) at week 1 and 2. However, the plasma glucose reduction of 
TM was nearly the same as that of WM 300 mg/kg. 

The findings indicated that EM, WM and TM had hypoglycemic activity in 
streptozotocin-included diabetic rats. The degree of reduction was in the same range 
as with glibenclamide and significantly different from the non-treatment control rats. 
Therefore, the mulberry leave extracts should be useful in the treatment of diabetes. 
Its mechanism of hypoglycemic effect and isolation of active principles responsible 
for such activity should be elucidated in further studies. 

Key words : mulbeny, Morus alba Linn., diabetes mellitus, hypoglycemic activity, 
streptozotocin rat, glibenclamide 
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ABSTRACT 

Snakebite is a serious medical problem worldwide. In Thailand each year thousands of 
individuals are bitten and hundred die. The cobra ·(Naja 11aja kaoulhia) induces the highest 
mortality rate. The most toxic compounds in cobra venom are neurotoxins. Neurotoxins are 
affecting to the neuromuscular junction and causing flaccid paralysis. N-Acetylcysteine (NAC) 
is the mucolytic agent that could destroy disulfide bond of protein and glycoprotein. As the 
cobra neurotoxins are a polypeptide chain cross-linking by disulfide bonds, thus, it is very 
interesting to test whether NAC could neuh·alize cobra venom since disulfide bound is 
impo1iant for the activity of snake neurotoxins. 

The NAC (Fluimucil) was tested both i11 vitro and i11 vivo for antivenom activity against 
Naja 11aja kaouthia venom. The NAC has been found to have a significant (p < 0.05) 
antagonistic effect on the inhibition of neuromuscular transmission produced by the venom in 
isolated rat phrenic nerve hemidiaphragm preparations. Mice, intraperitoneally injected with 
cobra venom at 0.75 mg/kg had the survival time of 21.90 ± 2.96 min, while mixing with the 
NAC to 75 or 150 mg/kg just before injected resulted in an increase of survival time 
significantly (p < 0.05) to 40.83 ± 4.36 min and 53.83 ± 8.50 min, respectively. Preincubation 
of the cobra venom with NAC, at 75 or 150 mg/kg, at 37 °C for 1 h could significant (p < 0.05) 
increase survival time of the animal to 45.57 ± 5.50 min and 91.67 ± 14.96 min, respectively. 
The present finding suggests that the NAC have the antagonistic effect against the lethality of 
cobra venom both on i11 vitro and i11 vivo models. 

Key words: N-acetylcysteine, Cobra venom, Naja 11aja kaouthia 



Vo/.26, No.1 Jan-Apr 2004 . 65 

PS: THE TREATMENT OF SURGICAL WOUNDS IN DOGS AND CATS USING A 
FILM DRESSING OF POLYSACCHARIDE, EXTRACTED FROM THE FRUIT­
HULL OF DURIAN (DURIO ZIBETHINUS L.) 

Piyarat Chansiripomchai 1
, Anudep Rangsipipat 2, Sunanta Pongsamait 3 

1 Department of Veterinwy Pharmacology, 2 Department ofVeterinwy Pathology, Faculty of 
Veterinmy Science; 3 Department of Biochemist1y, Faculty of Pharmaceutical Sciences, 
Clwlalongkom University, Bangkok, Thailand 

ABSTRACT 

Polysaccharide gel (PG) extracted from the fruit-hulls of durian.(Durio zibethinus L.) was 
prepared as a dressing film (PG film). It's antibacterial activity and efficiency for the 
treatment of full-thickness excisional wounds in pig skin, had previously been reported. In 
this present study, PG film was used for the treatment of surgical wounds in dogs and cats. 
Surgical wounds from castration or ovariohysterectomy in 10 dogs and 10 cats were treated 
with the PG film dressing. Every 2 to 3 days, the wounds were examined to assess the degree 
of wound healing until complete wound closure had occmTed. The results revealed that the 
surgical wounds in all the dogs and cats completely healed, when treated wlth PG film and the 
wound healing rate was similai· to conventional treatment using povidone iodine. It was 
concluded that PG film dressing showed high level of efficiency in the treatment of surgical 
wounds in dogs and cats. 

Key words: PG film, dmian frnit-hull, wound healing, dogs, cats 
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ABSTRACT 

Cardiovascular disease is a common finding in thalassemia. Propranolol is a non­

selective beta-adrenergic blocking drug widely uses for the treatment of 

cardiovascular disease. Therefore this study was performed to investigate the 

pharmacokinetics of propranolol in P-thalassemia/hemoglobinE patients compare to 

no1mal volunteers. Each subject took a single 40 mg oral dose of propranolol. Blood 

samples were obtained for measurement of the plasma propranolol levels, using 

HPLC technique, blood pressure and heart rate were monitored before and at 0.5, 1, 

1.5, 2, 2.5, 3, 4, 6 and 8 hours after drug administration. The pharmacokinetic 

parameters were determined. The peak plasma concentration (Cmax) of propranolol 

in the patients was not significant difference from normal. The time to reach peak 

plasma concentration (Tmax) and the elimination rate constant (Ke) were significantly 

higher (p<0.05) in the patient group. Whereas, the elimination half-life (tl /2), the 

apparent volume of distribution (Vd) and the total clearance (Cl) were significantly 

lower (p<O.O 1, p<O.O I and p<0.05 respectively) in the patient group. Basal systolic 

and diastolic blood pressure of thalassemic patient was lower than in nmmal subjects. 

However, no significant change was observed in hemodynamic effects including 

blood pressure and pulse rate between the two groups of the subjects. Therefore, the 

results from this study indicated that the phaimacokinetic parameters of propranolol 

were altered in thalassemic patients. 

Keywords: Pharmacokinetics, Propranolol, P-thalassemia/hemoglobinE patient 
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ABSTRACT 

Pathology of thalassemia such as decreased blood volume and organ damage may 

alter phatmacokinetic parameters of several drngs in the patients. Paracetamol is a 

commonly used analgesic and antipyretic drng which is extensively metabolized in 

liver via glucuronidation. The aim of this study is to compare the pharmacokinetic 

parameters of paracetamol (PCM) and paracetamol glucuronide (PCM-G) in P­

thalassemia/HbE patients with no1mal subjects. Following and overnight fast, a single 

dose of paracetamol (1000 mg of Tylenol®) was given and blood samples were 

obtained at predose, 0.5, l, 1.5, 2, 3, 4, 5, 7, and 9 hours after dosing for 

determination onhe plasma of PCM and PCM-G levels by high performance liquid 

chromatography (HPLC). There was no significant difference in maximum 

concentration (Cmax) and time to Cmax (Tmax) of PCM and PCM-G between the 

groups. However, the significant higher (P<0.05) in elimination rate constant (Ke) 

and significant lower (P~O.O l) in half-life (tl/2) of both PCM and PCM-G were 

observed in the patients. Total clearance (Cl) of PCM was significant higher (P<0.01) 

while volume of distribution (Vd) of PCM-G in patients was significant lower 

(P<0.05) than that of normal subjects. The results indicated that elimination of PCM 

and PCM-G were changed in the patients. This data may be useful to design the 

dosage regimen of paracetamol and other drngs that metabolized via glucuronidation 

in P-thalassemia/HbE patients. 

Key words: P-thal/HbE, paracetamol, glucuronidation, pharmacokinetics 



68 Thai J Pharmaco/ 

Pll: STUDIES OF THE PRO-OXIDANT ACTIVITY OF ARTEMISININ 

AND QUINOLINE-CONT AINING DRUGS USING LDL 

OXIDATION AS A MODEL 

Thitiporn Thaptimthong, Noppawan Phumala Molares, Supeenun Unchern and Natthawut 

Sibmooh 

Department of Pharmacology, Faculty of Science, Mah idol U11iversity, Ba11gkok Thaila11d 

e-mail address: g4436342@student.mahidol.ac.th 

ABSTRACT 

Attemisinin and quinoline-containing drngs represent for the impo1tant classes of 

antimalarial drngs. The molecular basis of the mechanism of action of these drngs have been 

widely proposed, and one of them involves the interaction of drngs with feITiprotoporphyrin 

IX (ferric heme or hemin). The objectives of this study were to study the pro-oxidant activity 

of a1temisinin in comparison with quinoline-containing drngs by using LDL oxidation as a 

model, and to determine the importance of hemin on the mechanism of drng-induced LDL 

oxidation. Low density lipoprotein (LDL) was separated from plasma by sequential gradient 

ultracentrifugation technique. The oxidation of LDL was conducted at 37°C under dark 

condition for 8 hours. One hundred µg/ml of LDL was incubated in I 0 mM phosphate buffer 

saline (PBS), pH 7.4 with aitemisinin and four quinoline-containing drngs (i.e., quinine, 

chloroquine, mefloquine and primaquine), both in the absence and presence of hemin. The 

degree of LDL oxidation was detennined by the fonnation of thiobarbituric acid reactive 

substances (TBARs) and the decrease of tryptophan fluorescence. Attemisinin significantly 

enhanced hemin-induced TBARs f01mation. Quinoline-containing drugs also enhanced 

hemin-induced TBARs f01mation, but with lesser degree than aitemisinin. Attemisinin 

reduced tryptophan fluorescence intensity of LDL significantly within 2 hours. Other 

quinoline-containing drugs were shown to have no effect on tryptophan fluorescence of LDL 

even in the presence of hemin. The results indicated that a1temisinin existed a more potent 

pro-oxidant action than that of quinoline-containing drugs, and the pro-oxidant activity of 

both rutemisinin and quinoline-containing drngs required hemin as the catalyst. 

Key words: At·temisinin, Quinoline-containing drugs, pro-oxidant activity, LDL oxidation 
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ABSTRACT 

Pueraria mirifica (PM), a Thai medicinal plant known to possess estrogenic 

properties, has been traditionally used as a rejuvenating agent for over a hundred 

years. PM contains various phytoestrogenic compounds including miroestrol and 

deoxymiroestrol which are believed to have the highest estrogenic activity among the 

known phytoestrogens due to their structural similarities. It is known that estrogen can 

exert anti-inflammatory effects both in vitro and in vivo by inhibiting the expression 

and production of various proinflammatory mediators such as TNF-a, IL-6, MMP-9, 

NO, and ROS in microglia. However, the effects of phytoestrogens on microglial 

activation in the CNS is not as well established. Thus, in the present study, LPS­

induced microglial activation was used as a model to investigate the plant's effects. 

The results have shown that administration of PM to HAPI, a rat microglial cell line 

reduced NO production, iNOS protein expression, and·MCP-1 expression induced by 

LPS. The mechanisms of these effects are discussed. This study indicated that PM 

could serve as an anti-inflammatory mediator, thus it may provide neuroprotective 

effects to many neurodegenerative and inflammatory diseases in the CNS. 

Key words: Pueraria mirifica, phytoestrogen, microglia, inflammation, 

neuroprotection 
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ABSTRACT 

Moms alba L. , a member of Moraceae family, commonly known as mulberry 
(Thai name : Mon), is widely cultivated in the north and northest region of Thailand. 
Morus alba L. leaf extract can reduce plasma glucose level in streptozotocin-induced 
diabetic rats. Thus, it is possible to develop an antidiabetic drugs from this extract. 

The objective of this study was _to establish the acute and subchronic toxicity of 
Morus alba L. leaf extract. In acute toxicity study, the Marus alba L. leaf extract was 
administered intraperitoneally and orally into mice and Wistar rats. Following a single 
i.p. dose, the LD5o of Moms alba L. leaf extract in the mice and Wistar rats were 
approximately 4 and 5 g/kg, respectively. But when this extract was administered 
orally , doses as high as 5 g/kg did not cause any significant toxic effects. There was 
no death in these groups of animal. The only abnormal signs and symptoms were CNS 
depression and respiratory depression. Moreover, all animals were recovered within 
15-30 minutes.In subchronic toxicity study, the Morns alba L. leaf extract was 
administered orally into Wistar rats for 60 days at doses 1,2 and 3 g/kg/day. All doses 
of Morus alba L. leaf extract did not significantly affect blood chemistry and 
hematologic values when compared to the control group. Microscopic examination of 
major organs indicated no significant histopathological abnormalities. 

In conclusion , our result suggested that Morus alba L. leaf extract is safe for 
used .. Phmmacological dosage form of Morus alba L. leaf extract might be a valuable 
drug in the future. 

Key wol'ds: Morns alba L . ., leaf extract, acute toxicity, subchronic toxicity 
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ABSTRACT 

71 

Objective: The aim of the present study was to investigate the behavioural effects of 
barakol on the forced swimming test in socially and isolation reared rats. 
Methods: Male Wistar rats were obtained from weaning, and housed either alone 
(isolation rearing) or in groups of six rats/cage (social rearing). Six weeks later, these 
rats were tested for their sensitivity to barakol using the forced swinuning test (Porsolt 
et al., 1978, Eur J Phannacol 47, 379-391). 
Results: The results demonstrated that the forced swinuning behavior of the saline­
treated isolation reared rats was not significantly difference from the socially reared 
controls. Sub-clll'onic administration of barakol (5, I 0 and 25 mg/kg i.p.) 24, 5 and 1 h 
to both isolation and socially reared rats produced the biphasic effects on the forced 
swimming behavior in the isolation reared rats. Low doses ofbarakol (5 and 10 mg/kg 
i.p.) significantly induced antidepressant-like effect (as indicated by decrease the 
immobility time and increase struggling) (P<0.05) compare with the saline treated 
controls. However, the effect of higher dose, barakol (25 mg/kg i.p.) on the 
immobility and struggling time was not significantly difference from the saline treated 
isolation reared rats (P>0.05). Moreover, the antidepressant-like effect of barakol (5 
and 10 mg/kg i.p.) was not observed in the socially reared rats. 
Conclusion: These results indicate that barakol has antidepressant-like effect in social 
isolation rats. Future experiments will need to investigate the mechanism of 
antidepressant action of barakol in the social isolation reared rats. 

Key words: Barakol, forced swimming test, social isolation, rats 



72 Thai J Pharmaco/ 

P15: EFFECT OF CARBAMAZEPINE ON LOCOMOTOR ACTIVITY IN 
STRESS RATS 

Ekawit Threenet* and Noppamars Wongwitdecha** 

*Toxicology Program, **Department of Pharmacology, Faculty of Science, 
Mah idol University, Bangkok 10400, THAILAND 

ABSTRACT 

Stress during the early stage of life such as social isolation from weaning has been 
shown to change a variety of behaviors of the adult animals and the responsitivity to 
psychoactive drugs. 
Objectives: The purposes of the present experiments were to investigate the effects of 
psychological stress (social isolation rearing) from weaning on the open field 
behavior, and to compare the effect of carbamazepine on locomotor activity in 
isolation and socially reared rats. 
Methods: Male Wistar rats were reared from weaning either singly (isolation rearing) 
or in groups of five or six rats/cage (social rearing) . Six weeks later, these rats were 
tested for their sensitivity to carbamazepine using the open field test. 
Results: The results showed that drug-free isolation reared rats exhibited 
hyperlocomotion (as indicated by higher total zone transitions) accompanied by a 
significant increase in exploration (more the number of rear) compare with drug-free 
socially reared rats (P<0.05). Pretreatment with carbamazepine (10, 20 and 40 mg/kg 
i.p.) had no marked effects on locomotor activity in both socially and isolation reared 
rats. This drug did not significantly change the total zone transitions and the number of 
rear compare with the vehicle controls. The social isolation rearing induced 
locomotion hyperactivity was not abolished by carbamazepine. 
Conclusion: The present results indicate that early life stress (social isolation rearing 
from weaning) induces locomotion and exploration hyperactivity in the mature rats. 
This hyperactivity is not attenuated by carbamazepine. 

Key words: Carbamazepine, locomotor activity, stress rats 
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ABSTRACT 

Pure· compounds, VR9177 and VR9179, obtained from the heartwood of Ventilago 
harmandiana exhibited moderate to strong anti-inflammatory activity in the ethyl 
phenylpropiolate (EPP) mouse ear edema model (unpublished data). 

In the present study, the pure compounds were investigated for their activities on neutrophil 
functions, including neutrophil chemotaxis, superoxide anion generation (SAG), 
myeloperoxidase (MPO) production, elastase release, neutrophil apoptosis and lymphocyte 
proliferation. Both compounds were firstly investigated for their cytotoxic effect, cell 
viability was not significantly affected by these compounds ( 1-100 µM) as shown by XTT 
assay. VR9177 (1-100 µM) and VR9179 (1-100 µM) were found to inhibit tMLP-induced 
neutrophil functions, including neutrophil chemotaxis, superoxide anion generation (SAG), 
myeloperoxidase (MPO) production, elastase release, in a concentration-dependent manner. 
But VR9 l 77. ( 1-100 µM) and VR9 l 79 ( 1-100 µM) showed no effect on neutrophil apoptosis 
as quantified by morphological and flow cytometric analysis. Furthermore, both compounds 
also inhibited lymphocyte proliferation as quantified by [HJ thyrnidine incorporation. 
These findings suggest the inhibition of human neutrophil functions and lymphocyte 
proliferation by VR9 l 77 and VR9179, that are not due to cytotoxic activity, may be 
attributed, in part, to their anti-inflammatory activity. 
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ABSTRACT 

[3H] MK-801 was used to investigate N- methyl-D- aspartate (NMDA) 
receptor in the rat brain and human platelets. The study showed that the ligand binds 
with high affinity (Kd of 1.3 nM in rat brain membrane and Kd of 27 .9 nM in human 
platelet membrane), but the rank order of binding affinities of unlabelled NMDA 
receptor channel blockers on human platelets ( ifenprodil> dextrophan> 
memantine>MK801 >ketamine) did not parallel the rank order of their affinities in 
binding to rat brain membranes (MK801>memantine>ifenprodil>ketamine> 
dextrophan). This result indicated that the NMDA receptor on platelets might be 
different in receptor subtype. By using platelet aggregation study, the ifenprodil, 
which is a selective polyamine site antagonist and specific for channels containing the 
NR2B subunit could inhibit platelet aggregation induced by ADP. Ifenprodil was used 
to bind NR2B subtype in rat brain and human platelets. It can bind NR2B subtype 
with high affinity (IC5o = 1.64 uM and 0.1 mM in rat brain and human platelet, 
respectively). This may suggest that the application of this finding may contradict the 
predictive value of NR2B subtype in brain and human platelet in drug-addicted 
patient. 

Key Words: NMDA receptor, NR2B subtype, ifenprodil, rat brain, human platelet 
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ABSTRACT 

Interleukin- I 0 (IL-10) induction of !!teroglobulin-related nrotein 1 (UGRP 1) gene 

expression was examined using human lung adenocarcinoma NCI-H441 cells. Treatment of the 

cells with 25 or 50 ng/ml IL-10 induced the expression of hUGRPJ mRNA as early as 2 hours and 

the level of expression continued for at least 24 hours. Actinomycin D inhibited IL-10 induction of 

hUGRPJ mRNA expression whereas cyclohexitnide did not have any effect, suggesting that IL-10 

regulated hUGRP 1 expression at transcriptional level. Transient transfection analysis with and 

without IL-10 treatment using several repo11er constructs containing up to 324 bp of the hUGRP 1 

gene promoter sequence revealed a potential transcriptional control site for IL-10 signal 

transduction between - 179 and - 209 bp of the hUGRP 1 gene promoter. Co-transfection analysis 

using mutant constructs, gel shift analysis and chromatin immunoprecipitation assay demonstrated 

that the binding ofT/EBP to its specific binding sites at both-187 and-68 hp in the hUGRPJ gene 

promoter was responsible for IL-10 induction of hUGRP 1 gene expression. Both IL-lOR subunits, 

IL-IORI and IL-IOR2, were expressed in NCI-H441 cells; however, STAT3 was barely activated 

upon IL-IO treatment as judged by Western blotting for phospho-STAT3. When cells were treated 

with other members of the IL-10 family such as IL-22 and IFN-p, intense band for phospho-STAT3 

was obtained while no UGRP 1 expression was found. Mouse embryo lungs cultured in the presence 

of IL-10 and lungs obtained from mice intranasally instilled IL-10 exhibited the increase of Ug1p 1 

nlRNA levels. These results demonstrated that IL-10 induced UGRP 1 gene expression in lung 

epithelial cells through T/EBP-dependent pathway. Together, these findings suggest that UGRP I 

may play a role in airway anti-inflammatory processes by serving as a downstream transcriptional 

target of IL-10 activation. 

Key Words: Uteroglobin related protein l , Interleukin-10, airway epithelial cells, STAT3 
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ABSTRACT 

Experimental studies were conducted to elucidate various pharmacodynamic 
effects of an ethanolic extract of dried root of Antidesma acidum ( Mamao) in whole 
animals as well as in tissues or organs preparations isolated from appropriate animals 
including, guinea pigs, rats and mice. The studies covered the tests on central nervous, 
cardiovascular, respiratory, hematological, and gastrointestinal systems. Quality 
specifications of plant materials and the ethanolic extract of Antidesma acidum were 
determined according to WHO Guidelines. The extract of Antidesma acidum 
solubilized in 5% tween was used in all experiments. The extract was fed orally to 
conscious rats at the doses of 30, 60, and 120 mg/kg/BW once daily for 7 days. Blood 
samples taken at day 0 and day 7 was analyzed for blood components. The results 
showed that the extract at 60mg, and l 20mg/kg/BW increased the white blood cells 
(WBC) but not increased other blood components. In Rotarod test, the extract was 
given orally to mice at the doses of 30mg, 60mg, and 120mg/kg/BW, it was found 
that up to 5 hours, mice could maintain their equilibrium for at least I min on the 
rotating rod in each of three successive trials. The extracts of Antidesma acidwn 
pretreated intraperitoneally at the doses of 30 - 120mg/kg/BW did not prolong 
barbiturate-induced sleeping time in rats. The extracts of Antidesma acidum at the dose 
of l 20mg/kg/BW fed orally tended to decrease the distance of charcoal movement 
from duodenum to ileo-caecal junction in conscious rats. The extract of Antidesma 
acidum, at the concentrations of I 00, 200 and 400µg/ml, significantly decreased the 
contraction of isolated rat ileum induced by Ix 10-6M of methacholine. The extract of 
Antidesma acidwn at the concentrations of 50, I 00, 200 and 400 µg/ml did not 
significantly affect the contractions of right auricle isolated from rats, as well as the 
contraction of isolated rat aorta induced by 1xI0-6 M of norepinephrine and the 
contraction of isolated guinea-pig trachea induced by l x I o-6 M of histamine.In 
conclusion, the increase in white blood cells (WBC) induced by the extract of 
Antidesma acidum was similar to our previous in vitro study showing 
immunomodulating potential. The decrease in intestinal contraction by which 
mechanisms to be fu1iher studied .Whereas the extract of Antidesma acidum had little 
or no effects on isolated heaii, aorta and trachea. 

Key words: Antidesma acidum, pharmacodynamic effects 
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ABSTRACT 

Tl111nbergia /aurifo/ia Linn is known in Thai as "Rang Jued". It has been commonly 
used as antipyretic and antidote in Thai traditional medicine for many years. Treatment of 
alcoholism is also claimed using aqueous extract of Tlt1111bergia laurifolia. Over consumption 
of alcohol is now a serious problem in Thai society and worldwide. Three pathologically life­
threatening liver diseases induced by alcohol abuse ~re fatty liver (steatosis), hepatitis and 
cirrhosis. Scientific research in herbal medicine possessing hepatoprotective activity may be 
a great benefit as alternative therapy in alcohol induced liver diseases. 

In the present investigation, primary culture of rat hepatocytes was used as an in vitro 
model to evaluate the hepatoprotective effect of aqueous extract of Tltunbe,rgia laurifolia 
(TLE) against ethanol. This effect of TLE was compared with silymarin (SL), the reference 
hepatoprotective agent. MIT reduction assay, ALT and AST were used as the criteria for cell 
viability. After 24 h of culturing, hepatocytes were treated with ethanol (96 µI/ml) and 
various concentrations ofTLE (2.5, 5.0, 7.5, 10.0 mg/ml) or SL (1, 2, 3 mg/ml) for 2 h. Both 
TLE and SL increased MIT formation nearly 2 times for TLE and 2-3 times for SL when 
compared to effect of ethanol alone. Ethanol induced the release of ALT and AST was 
reduced by TLE (2.5 and 5.0 mg/ml) and SL (l mg/ml). High doses of TLE (10 mg/ml) and 
SL (3 mg/ml) caused more increase in the release of ALT induced by ethanol. Therefore 
appropriate doses of TLE and SL showed the hepatoprotective activity against ethanol 
induced cytotoxicity in primary culture of rat hepatocytes. 

Key words : Tlwnbergia laurifolia, ethanol, silymarin, hepatoprotective 
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ABSTRACT 

Trans-Cinnamic acid and its derivatives were investigated for the a-glucosidase 

inhibitio1y activity. 4-Methoxy-trans-cinnamic acid and 4-methoxy-trans-cinnamic acid 

ethyl ester exe1ted the highest potent inhibito1y activity among those of trans-cinnamic 

acid de1ivatives (ICso = 0.04 ± 0.01 mM, 0.05 ± 0.03, respectively). The presence of 

hydroxy or methoxy group at 4-position on trans-cinnamic acid moiety is necessary to 

enhance a-glucosidase inhibito1y activity. However, compounds having larger alkoxy 

substituent were found to have little effect on a-glucosidase inhibition ( IC50 > 5 mM). 

The mode of inhibition of 4-methoxy-trans-cinnamic acid on u-glucosidase activity was 

non-competitive with Ki value of 0.06 ± 0.0 l mM. In contrast, 4-methoxy-trans-cinnamic 

acid ethyl ester was a competitive inhibitor with Ki value of 0.02 ± 0.01 mM. 

Fmthermore, 4-methoxy-trans-cinnamic acid also inhibit sucrase and maltase, a­

glucosidase enzymes derived from rat intestine, with IC50 of 10.9 ± 0.75 mM and 8.75 ± 
0.80 mM, respectively. These results indicated that trans-cinnamic acid de1ivatives 

should be fu1ther evaluated as a new group of potent a-glucosidase inhibitors for the 

treatment of various diseases, including diabetes, anti-viral infection, and AIDS. 

Key words: cinnamic acid, a-glucosidase inhibition, structure-activity relationships 
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ABSTRACT 

Murdannia loriformis (Hassk). Rolla Rao et Kammathy is commonly called in Thai as 
"Ya Pak King". M loriformis has been used traditionally as a remedy treatment in many 
kinds of cancers. This study examined subacute effects of M loriformis ethanolic extract on 
clinical blood chemistry and hematology. Thi1ty male Wistar rats were randomly divided 
into three treatment groups. Each group consisted of ten rats. Rats in the first group were 
given distilled water 1 ml/kg/day serving as a control group. The other two groups of rats 
were given M /oriformis ethanolic extract at dosages of 0.1 and l g/kg/day. Each group 
were administered orally for 30 consecutive days. Du1ing the treatment peroid, body weight 
was recorded every week. At the end of the treatment peroid, rats were anesthesized. Blood 
samples were collected by heart puncture and serum samples were prepared for measuring 
hematology and clinical blood chemistry, respectively. The results showed that rat received 
both dosage regimens of M /oriformis ethanolic extract demonstrated no mo1tality when 
administered orally for 30 consecutive days. M loriformis ethanolic extract at both dosages 
given in this study did not affect body weight, and these following clinical blood chemistty 
and hematology: AST, ALT, ALP, total bilirubin, direct bilirnbin, BUN, SCr, total 
cholesterol, TO, LDL-C, HDL-C, glucose, sodium, potassium, chloride, hemoglobin, 
hematocrit, platelet count, WBC count, % differential WBC, RBC indices (% mean 
co1puscular volume, MCV; % mean co1puscular hemoglobin, MCH; % mean co1puscular 
hemoglobin concentration, MCHC) and RBC m01phology. These results suggested that M 
loriformis ethanolic extract caused no harmful effects on several important organs/systems 
such as liver, kidney, blood system, electrolytes as well as carbohydrate and lipid 
metabolism. 

Key words : Murdannia loriformis, clinical blood chemistty, hematology, subacute effects 
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Pharmacog11osy, Faculty of Pharmaceutical Sciences, Chulalongkom University, 
Thailand. 4Department of Pharmacology, Faculty of Medicine, Sri11akharimvirot 
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ABSTRACT 

Ce11tella asiatica (Linn.) Urban, called in .Thai as Bua bok, is a plant in family 
Umbelliferae. In this study, stems and leaves of C. asiatica were extracted with 80% 
ethanol. Subacute effect of the ethanolic extract was investigated on clinical blood 
chemistry and hematology. Thirty male Wistar rats were randomly divided into 3 
treatment groups. Each group comprised l 0 rats. Rats in the first group were given 
distilled water orally once daily for 30 days, serving as a control group. Rats in the 
second and the third groups were given C. asiatica ethanolic extract orally at dosages 
of 250 mg/kg/day and 1,000 mg/kg/day for 30 days, respectively. At the end of the 
treatment pe1iod, rats were anesthesized. Blood samples were collected by heart 
puncture and serum samples were prepared for detennining hematology and clinical 
blood chemistry, respectively. C. asiatica ethanolic extract did not produce any 
changes on these following clinical blood chemistry and hematology : glucose, blood 
urea nitrogen (BUN), creatinine (Cr), aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin, direct bilirubin, 
total cholesterol, triglyceride (TG), low density lipoprotein-cholesterol (LDL-C), 
high density lipoprotein-cholesterol (HDL-C), uric acid, electrolytes (Na, K, Cl), 
complete blood count (CBC), white blood cell (WBC) count, %differential WBC, 
platelet count, red blood cell (RBC) morphology, and RBC indices (% mean 
corpuscular volume, MCV; % mean corpuscular hemoglobin, MCH; and % mean 
corpuscular hemoglobin concentration, MCHC). Results from this study implied that 
C. asiatica caused no hannful effects on various important organs/systems at the 
doses of phamrncologically active. Thus, this plant is valuable to be developed for 
using therapeutically in the future. 

Key words : Centella asiatica, clinical blood chemistry, hematology, subacute effects 
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ABSTRACT 

Ciss11s q11adra11g11laris Linn. is commonly used for hemorrhoidal treatment in 
Thailand. In this study, 'effects of the dried-stem powder of C. q11adra11g11laris on 
hepatic cytochrome P450 (CYP) of these following isoforrns; CYP IAI, CYP 1A2, 
CYP 2Bl/2B2, CYP 2El and CYP 3A, involving in carcinogenic/mutagenic 
bioactivation were investigated in rats. Clinical blood chemistry and hematology were 
also determined. Male Wistar rats were randomly divided into 3 groups of I 0 rats each. 
The control group received distilled water orally at I ml/kg/day whereas the others two 
groups were given the dried-stem powder orally at dosages of 0.03 and 0.3 g/kg/day for 
30 consecutive days. During the experimental period,· body weight, food and water 
intake were recorded every week. No difference of growth rate, food and water 
consumption were shown in the C. q11adra11g11/aris-treated groups as compared to the 
control group. C. q11adra11g11/aris did not cause any significant changes of hepatic 
microsomal total CYP contents as well as the activities of CYP isoforrns investigated in 
this study. Furthermore, clinical blood chemistry and hematology of rats were not 
affected. No effects of C. q11adra11g11/aris on these CYP isoforms exeluded the 
possibilities of using this aspect to explain drug-drug interaction and possibilities of 
this plant to increase and/or decrease risks of toxicity, mutagenicity and carcinogenicity 
induced by xenobiotics which are bioactivated by these CYP isoforms. In addition, the 
dried-stem powder of C. q11adra11g11/aris at the doses given in this study did not 
produce any toxic effects on several important organs/systems such as liver, kidney, 
blood system, electrolyte as well as lipid and carbohydrate metabolism. 

Key words : Ciss11s q11adra11g11/aris, hepatic cytochrome P450, 
clinical blood chemistry 
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ABSTRACT 

Metfonnin is an oral antihyperglycemic agent used in the management of type 2 
diabetes mellitus. Metfonnin appears to provide cardiovascular protection with intrinsic 
antihypertensive property. This study was to investigate the role of endothelium in 
metfotmin-induced vasorelaxation, using rat thoracic ao1ta isolated from adult male wistar 
rats ( 250-300 g). The aortic segments were cut helically and incubated in 15-ml organ 
chambers containing Krebs-Henseleit solution (KHS), pH 7.4. The medium was maintained 
at 37 °C and gased continuously with 95 % 0 2 and 5 % C02• Each tissue was placed under an 
initial resting tension of l g and allowed to equilibrate for 60 min prior to the experimental 
protocol. 

To detennine the metfo1min-mediated relaxation in both endothelium-intact and 
endothelium-denuded aortic strips, the contraction was induced by the submaximal 
concentration of norepinephrine (NE, l 0-7 M), and then followed by cumulatively addition 
of metfonnin ( 10-7-1.5x 10-3 M). To probe the mechanism involve in the relaxation effect of 
metfonnin, several compounds including methylene blue (10-5 M, an inhlbitor of soluble 
guanylyl cyclase inhibitor), indomethacin (10-5 M, an inhibitor of cyclooxygenase), 
tetraethylammonium (TEA, 10-3 M, an inhibitor of calcium-sensitive potassium channels) 
and glibenclamide (10-5 M, an inhibitor of ATP-sensitive potassium channels) were 
preincubated 15 minutes prior to precontraction with NE. The relaxation response was 
calculated as the percentage of NE-induced contraction. 

In this study, we found that metfoimin caused significant vasodilation ( p < 0.05), in 
comparison with the control group. The percentage of maximal relaxation in endothelium­
intact (32.96±2.84, 11 = 16) was significantly higher than that of endothelium-denuded 
(14.93±3.07, 11 = 7) ( p < 0.05). Moreover, Methylene blue significantly inhibited the 
relaxation effect of metfonnin in endothelium-intact segment ( p< 0.05), but not in 
endothelium-denuded segment. However, the metfo1min-mediated relaxation was not 
affected by indomethacin, TEA, and glibenclamicle. 

In conclusion, metfonnin caused vasorelaxation of rat thoracic aorta both in 
endothelium dependent and endothelium independent manner. In endothelium-dependent 
relaxation, metfo1min may, at least in prut, exe1t its effect through the cyclic GMP pathway. 

Key words : Metfo1min, Thoracic aorta, Endothelium, vasodilation, 
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