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Ressarch question/objective o afiwmung/Atnng
Setting - D dssinlsewsiuna/afiing
Research design . Case report, refrospective, prdspective, randomized trial
Patients/material : nsAndenfuadninaaad
Methods (intervention/ . AEmeinade denauaslieneiealia
measurement/statistics}
Results | . wansAnm
Cenclusion el :
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Chirathawomn C, Lertpocasombat K, Hanvivatvong O, Teerawainapong, S, Development of enzyme-linked
immunosorbent assay and dot-enzyme-linked immunosorbent assay for detection of Leplospira specdific igh antibodies.
Chula Med J 2001 Nov;45(11): 963 - 70

Problemy background : Since the number of patients with leptospira in Thaifand has increased and the standard
test for laboratory disgnosis is time-consuming and requires a weli-train operator,' we
have developed two rapid methods two methods for using as rapid diagnostic tests for
this infecticus disease.

Objective : Develop an enzyme-linked immunosorbent assay (ELISA) and z dot-enzyme-linked

' immunosorbent assay (dot-ELISA) for detection of leptospira specific IgM anibodies.
‘These assays can be used as rapid diagnastic tools for ieptospirosis.

Desigr.-- . .0 : Descriptive study

Setting - . ... . : Department of Microbiology, Faculty of Medicine, Chulalongkorn University

 Materials and Methods . : ELISA and dot-ELISA were developéd and tested with sera from healthy ndividuals,

o | sera positive for antibodies specific 1o Treponema pailidum and ssra positive by -
macroscopic aggiutination test (MAT), a reference method. Sensitivity and specificity was

) = ) - used o compare both ELISA and dot-ELISA with MAT.

Results h ; : o ¢ The sensitivity of ELISA and dot-ELISA compared with MAT is 75 and 100 %, respectively.

B -  ELISA showed cross-reactivity with sera positive for antibodies to Trepomema pallidum
whereas none of the sampiles in this group gave positive results by dot-ELISA.

Cenclusions ¢ This study deronstrated that dot-ELLISA, an easily performed assay, has high sensitivity
and specificity compared with MAT, the reference method, and should beusedas a
rapid test for detection of %e;otos'pira specific igM antibodies. '

Kaywords : Lepiespira, Leptospircsis, ELISA, dot-ELISA.
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I=yte effects of oral administration
~ extract on renal functions

Mariem Yusuksawag®

Bungorn Chomdej*

Yusuksawad M, Chomdej B. Acute effects of oral administration of roselle exiract ;n

renal functions. Chula Med J 2004 Jul; 48(7): 443 - §3

Background ¢ It has been reported that long-term drinking of roselle decoction
could reduce bacterial infection and resulied in clearer urine
in patients with urinary calculus and urethriiis. in addition,
infusioﬁ of roselle extract resuits in hypotensive effect in rats.
However, there has been no study on acufe effect of oral
adminisiration of roselle extract on renal functions.

Objective _ i To investigate the acute effecis of the oral administration of
roselle crude aguecus extract on renal functions.

Research design ¢ Experimental design.

flaterials and Methods :  The rafs were anesthetized and divided inio two experimental
groups (ROS t, n=7; ROS L n=10) treated with the crude
aqueous extract of roselle at a dose of 450 mg/kg body weight

via a gavage tube, and two conlrol groups (CON é’j, n=g;

CON L n=8) treated with distilled water. inulin and PAH

c!earanc_es were studied to evaluate glomerular filiration rate

(GFR) and effective renal plasma flow (ERPF), }espectivefy.

Renal funclionis including filtration fraction {FF), renal vascular

'_L resistance (RVR), urine flow rate (V}, urinary excretion of

eiect}oiytes (er’ fractional excrefions of sodium (FEN J

S * Department of Physiotogy, Faculty of Medicine, Chulalongkorn University
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potassium (FE K) chloride (::EC ) calcium (FECa), osmolarity
clearance (Cm m) free water Clearance (CH2 G) wefe determined
at the pericd of 0-30 and 30-60 minutes after administration of
distilfed water or roselle exiract. Moreover, systemic circulation
including systolic blood pressure (SP) diastolic blood pressure
(DP), mean arterial pressure (MAP), pufse pressure (PF), heart
rate (HR} end hematocrit (Hct) were also measured.

Results : The resuits showed that the crude aqueous extract of roselle
could decrease ERPF significantly during the period of 0-3C
minutes (1.18 + 0.42 and 2.04 + 0.87 m¥/min/gm-KW for ROS £
and CON 2‘1, p<0.05). The value of FF during the first 30 minutes
was significantly increased in ROS tT compared to CON f1
(45.13 £ 10.26 % and 32.87 £+ 5.79 % for ROS t and CON ',
respectively). fng;, was increased during the perfod of 0-30
minutes {1.14 + 0.24 % of ROS 2‘1 compared fo 0.53 £ 0.15 %
of CON f? , £2<0.05). There were no significant differences
between ROS ?2 and CON f? on any measuring during the period

of 30-60 minutes.

3

Conc

usion This study demonstrates thaf the crude aqueous exiract of
rosefle has acute effects on renal function by decrszsing
effective renal plasma flow while the fifiration fraction increases
withou! a significant change in systemic circulation.
Nevertheless, ihe increase in fractions! excretion of sodium is
observed. These effecis are shown within 30 minutes after the

administration of roselie extract.

Keywords : Oral administration, Roselle exiract, Renal functions.

Reprint request : Yusuksawad M. Department of Physiology, Faculty of Medicine,
Chulaiongkorn University, Bangkok 10330, Thaifand.
‘Received for publication: April 30, 2004.
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Roselle (Hibiscus sabdariffa Linn) is a kind

of Thai traditional medicine, used as a diuretic

14
t.

agent."™ Chronic effect of drinking roselle tea on

diuresis has been reported.” The crude aguecus

exiract of the petal of roselie is used in patients with
lower part of urethritis compared to patients who are
treated with antibacterial drug. The results show that
the extract of roselle could significantly reduce

bacteria infection such as E. Cali, @ Other studies

have reperted that the patients with calculus and

uretnritis who daily drank roselie tea had clearer urine
and decreased urinary pH. “*"® They suggested that
the roselle extract might be used togsther with modem
clinical freatment in orderto prevent bacterial infection
of unnary system and recurrence of caiculi. In normal
male human roselle sxtract decreases urinary salt

® In addition, decoction of roselie could

excretion.
lower blood pressure. ™ An in vitro study has shown
that roselle exiract inhibits the tone of rabbit aortic

"2 Infusion of roselle calyx extract was found

sirip.
to lowsr significantly both systolic and diastolic
‘pressuré in spontanegusly hypertensive and
normotensive Wistar-Kyoto rats, ™ The urine output
of the treated spontaneously hypertensive rats was
significantty higher than normotensive ones. The
hypotensive effect of roselle extract is not mediated

through inhibition of the sympathetic nervous sysitem

but it could be mediated through acetylcholine-like

and histamine-like mechanisms. ¥

However, the effects of an oral administration
of roselle extract on renal functions and general
circulation have not been reported. Therefore, this
present study was designed to investigate the acule
effects of the oral administration of roselie crude

aqueous extract on renal functions and hemodynamics

Chula Med J

inciudihg glomerular filtration rate (GFR), effective renal
nlasma fiow (ERPF), filtration fraction (FF), renal
vascular resistance (RVR), urine fiow rate (V), urinary
excretion of electrolytes (Ue\/), fractional excretions of
sodium (FENE), potassium (FEK). chicride (FECI)
catcium (FECa}, osmolarity clearance (Cosm) and free -
water clearance (CHZO} inrats. In addition, its effects
on general circulation including systolic ticod
pressure (SP} diastolic blood pressure (DP}, mean
arterial pressure (MAP), pulse pressure (PP), heart

[ »))

rate (HR) and hematocrit (Hct) were also measurad.

Materials and Methods
Praparation of a crude agusous extract of roselle
Dried roselle was purchased from the
Marketing Crganization faor Farmers in Bangkok. An
amount of 10 gram of dried roseile was washed with
tap water, rinsed with distillec water, and then heated
in 500 milliliters of distilled water with the temperature
between 80°- 90° C for 15 minutes. After that the dreg
of roselle was separaied, and the aqueous exiract
was heated at 65° 70° C until the total volume was
100 millifiters to yield the final concentration of 0.1 ¢/
ml. The chemical properties of the roselle extract were
analyzed for the concentrations of Na’, K, Ca", 04 '
Osmolarity, pH, and the specific gravity of the extract
were also determined. The extract was divided in |
aliquots and kept at —20°C. Each aliquot was thawed -

atroom temperature when needed,

Animai preparation ’ . ‘

The experiment was carried out in 29 male
Wistar rats weighing 280-350 gm from The National.
Laboratory Animal Center. Mahidol University, -

randomly civided in two control groups and two
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experimental groups. The control and experimental
groups were civided into two periods of 0-30 minutes
{CON t znd ROS t1) and 30j60 minutes { CON tz and
ROS tz}aﬁer the feeding of gistilled water or the cruds
agqueous extract of roseile. Each rat was fasted
overnight preceding an opéraﬂon_, but given water

ad libitum.

General procedure

.Each rat was anesthsatized by intraperitoneal
injection of 45 mg per kg body weight of pentobarbital
sodium (Nembutal Abbott, FE Zuellig Bangkok Ltd.).
Atracheostomy was done to facilitate respiration and
removal of excess secretion. The animals were allowed
to ventilate spontansously in room air. The ieft fernoral
vein was cannulated for infusion of solutions. The right
common carotid artery was cannuiated for continucus
recording of arterial blogd pressure and blood sample
collection, |
| A midline abcominal incision was done. The
urinary bladder was exposed and inserted with
polysthylens tube for collection of urine. Normal saline
solution was infused at the rate of 10 mi/kg body
~ weight/hour through the left femoral vein during the

surgery for normal hydration. After completion of the

- - operation, normal saline solution containing tgm/dl

. of inutin and 0.2 gm/di of PAH was administered

intravenously via the left femoral vein at the same
rate. " A period of 45 minutes was allowed to stabilize
plasmé inulin and PAH concentration at approximately

20-40 mg/di and 2-4 mg/di, respectively.

Experimental procedure

- The rats were divided in 4 groups. After

Lhe stabilization period, the control rats (CON't |, n=6;

. ¥ . g , .
umifsundunsahaiannssilavusssdansienessls lusums AAT

CONt, n=6) were administrated with distilled water
at the amount of 4.5 ml/kg body weight via a gavage
iube while the experimental rats (RCS t, n=T;
RGS iQ, n=10} were treated with the crude agusous
extract of roselle at the dose of 450 mg/kg body
weight. Inulin and PAH clearances of all groups were
studied to evaluale GFR and ERPF, respectively.
Plasma and urine samples were analyzed for inulin
concentration by an anthrone colorimetric technigue
and for PAH concentration by the method of Bration
and Marshall as modified by Smith,1962 " using

spectrophctometer {model BTS 320, BioSystems). _

prassure transducer (mode! MLT 1050, é‘q’sacl_ab
System, ADInstruments) and a polygraph (ML 740
Maclab/4s, Maclab System, ADinstruments).
Hematocrit was dstermined by micrchematocrit
centrifuge (model Z230H, BHG HERMLE) and
measured by micro-capiliary reader (1.E.C. Cat. No.
2201, DAMON/IEC DIVISION). Other parameters were

derived by calculation as follows :

FF =  GFR/ERPF
RVR = MAP/RBF - |
FE = UEV/GFR
osm = UusmV/Posm
H20 3 V—CL\:'H :
Btatistics

The experimental data were presented as. . - ‘
mean + 8D. Statistical comparison of the parameters. .

between CON t1 and ROS t, and between CON t.

and RC8 t were analyzed by using Student's un_pﬁ_ailr‘éd;,-f' -
ttest. The significance level was detemfﬁéd“?‘ai .

p < 3.05.
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The compositions ard chemical properties of

the crude squeous extract of roselis.

Table 1. The compositions and chemical propserties

of the crude aqueous extract of roselle,

Compositions and Conantraticns and

chemical properties property values

Na+ 1.00 mEq/!
K+ ‘ ‘ 32.05mEg/!
Ci- 1.5 mEag/l
Ca++ 3.45 mg/mi
oH 2.68
Osmélarity 210 mOsm/|
Specific gravity 1.0067

Table.1 shows the compaositions and selected
chemical properiies of the crude aguecus extract of
roselle, which the conceniration of the exiract was
preparec by dried roselie 10 gramin 160 ml of distilied
water as the procedure mentioned in the method

section.

Chula Med J

Effect on renal functions

In Table 2. the crude aqueous extract of
roselle demonstrats a non-significant decrease of GFR
in thirty mmuteé after the administration {0.47 £ 0.13
in ROS ?.17) comparing wéih the control group (D.G?__t
0.24 in CON t). A significant decrease in ERPF is
shown in ROS t compared with CON t, (1.18 +0.42
vs 2.04 + 0.67 mi/min/gm-kw; p < 0.05) (Figure 1),
meanwhile RVR in ROS t was slightly increased
(47.34 + 16.83 vs 30.26 + 10.88 mmHg/ml/min/gm-
kw) but the change was not statistically significant,
Interestingly, filtration fraction was increased in
ROS tatp< 0.05 (Figure 2). The result shows that
there was no significant change of the parameters in
ROS ¢ comparing with CON t,

In Table 3. there is no significant alteration of
the values of urinary flow rate, urinary excretion rate
of the electrolytes, osmolarity clearance and free
water clearance in ROS t. comparing with CON t and
RGOS t, comparing with CON t.

In Table 4. and Figure 3. the results show that
FENa was significantly increased in only ROS L
compared with CON t1 (114 +0.24vs0.53+0.156 %;
p<0.05). No significant change in fractional excretion

of other slectrolytes of both periods was observed.

Table 2. Renal hemodynamics in rats after feeding crude agueous extract of roselle 0-30 minutes and

30-60 minutes in experimental groups compared with the control ones.

CON't ROS ¢ CON ¢, ROS
GFR (mi/minfgm-kw) 0.67 +0.24 0.47 £0.13 1.28 + 0.80 1.13 £ 0.53
ERPF (ml/min/gm-kw) 204 +0.67 1.18 + 0.42 '- 2.70 +1.00 203+ 0.65
FF (%) 32.87 +5.79 451341026 47.80 +17.30 5493 +11.98
RVR(mmHg/mi/min/gm-kw) 30.26 + 10.88 47.34 + 16.83 2367 +6.85 2871 +£7.98

(Mean + §3). * p<0.05 glomerular filtration rate (GFR), effective renal plasma flow (ERPF), filtration fraction (FF), renal

vascular resistance (RVR}
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Figure 1. Mean + SD of effective renal plasma flow in ROS tg and ROS t2 comparsd with CON t

and CON t respectively. *p<{0.05
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Figure 2. Mean + SD of filtration fraction of ROS t and ROS t, compared with CON t anc CON L,

respectively. *p <0.05
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Table 3, Effects of the crude agueous exiract of roselie on urinary flow rate, urinary excretion
rate of the electrcivies, osmaiarity clearance and free water clearance during 0-30

minutes and 30-60 minutes after the feeding comparing with the control groups.

CONt, ROS t CON ¢,  'ROS't,

V {ufmin/gm-kw) 568+ 278 566 £223 1011+ 473 8654292
UV (HEg/min/gm-w) 0.47 +0.22 0.84 +0.29 1.26 +.0.55 1.55 1 0.62

UKV (JEC/min/gm-kw} 0.89+0.24 075+ 0.15 111 +0.31 096018

U_V (LEq /minigm-kw) 1.07 + 0.90 0.93 + 0.60 2.08 +1.24 153 +0.82

U,V (pefmin/gm-iow) 0.81 +0.19 0.68 +0.20 0.86 +0.59 0.96 + 0.89

C,, (imin/gm-iow) 20.93+11.37  28.1+958 36.45+ 1381  34.40 £ 11.03

C,,,, (fuliminjgr-kw) 15.05+822  -2160+721  -2634+1122 -23.50 £8.67

{Mean + SD) urine flow rate (V), urina

froe water clearance (Cm}
(a4

ry excretion of electrelytes (Ue\/)-, osmolarity clearance (Cm),

Table 4. Effects of the crude agueocus exiract of roselie on fractional excreticn rate of
electrolytes during 0-30 minutes and 30-80 minutes after the feeding compared
with the control groups.

cont, ROSt CON ¢ ROS ¢

FE , (%) 0.53+0.15 1.14 + 0.24% 0.68 + 0.48 1.16 £ 0.54

FE, (%) 3844 +2.87 48.53 £ 13.84 20.88 +5.79 28.41 + 13.81

FECl (%) 1.26.71 £ 0.73 145 +1.03 1.17 £ 0.26 1.31+£083

FECa %) 270+ 0.66 3.23+0.81 232+287 1.86 £1.80

(Mean = 8D). * p<0.05 fractional excretions of sodium (FENE), potassium (FEQ, chloride (FEO) caicium (FECa)

Table &, Effecis of the crude agueous extract of roselle on systemic circulation after feeding

0-30 minutes and 30-60 minutes compared with the control groups.

CON 't ROS ¢ CON't, ROS ¢

SP (mmHg) 1347042823 13026+ 1588 12506 +7.38 123.68 + 11.62
OP (mmHg) 106.04 + 17.57 102.62+12.15 9488 +584 97.54 + 12.87
MAP(mmHg)  110.45£19.67 © 11175+1322  103.156+7.33 103.54 + 13.23
PP (mmHg)  24.98+12.50 ; 27.64 +5.95 2597 +9.68 26.73+7.74
HR (beat/min) -~ 39561 + 52.01  386.00 = 18.01 39041+ 3611 352.07 + 68.45
Het (%) 43.10+3.13 40,00 +2.24 40.89 + 2.87 40.84 + 3.48

{Mean + 3SD) systolic blood pressure (SF) diastolic blood pressure {DF), mean arierial pressure

(MAP), pulse pressure (PP}, heart rate (HR) and hematogrit (Het)




S Vol 48 Ne. 7
o July 2004

%.
4.0

= o E R w
asdeundupasinaianinfvuursdenmsineadsluwgen 451

o GOH
m RGOS

2-3G min

Figure 3. Mean + SD of fractional excretion of sodium in ROS t and ROS1 compared with
CON tY and CON t2 . respectively. *p <0.01

Effects on general circulation

The feeding of the aqueous exiract of roselle
did not significantly alter 3P, DP, MAP, PP, HR, and
Hct of ROS—gfoups comparing with those of CON-

_grouns as shown in Table 5.

Discussion
' In this study, the concentrated crude agueous
extract of roselie 100 mg/ml which was administrated
g via a gavage tube to the rats at dose 450 mg/kg of
" BW could significantly decrease ERPF {p<0.01)
during 0-30 minutes after the delivery without an
alteration of arterial blood pressure n('k”ab"e 2 and
Y_able 6). The decrease in ERPF is possibly due to the
increase in RVR, although itwas non-significant. This
réauii. seems that roselle has the vasoconstriction
éﬁec;t_ on renal arterioles, causing the tendency of the
'-’_‘:‘(ﬁi:é:c‘{gas‘e in GFRin ROSt ", however it has no effect
én_éys_temic circulation. Hypotensive effect was not
_'_:_;."ob;s.;;g,ryed by the oral administration of the roselie

eﬁ{tr_act. in this study, which was different from the

study of intravenous administration of roselle extract
to the rats. “®'" Filtration fraction was significantly
increased during the period of 0-30 minufes. It
showed that the roselle extract was able to increase
the glomerular filtration respecied to the renal plasma
flow. Interestingly, the natruretic efisct, which may
simultensously lead o diuresis, was observed, and
might be revealed unless GFR decreased. Theresults |
from Table 3 did not show any effects on urinary flow
rate. lt disagrees with some previous studies reporied
by Leclerc,1938 and Muangmun, et al.,1982.%
However, from Table 4, the significant increase
in the excretion of sodium respected to GFR (FENE}
implies that roselle has the effect on renal tubtlar
function. ™ The roselle extract could possibly
decrease sodium reabsorption.in renal tubule. This
sffect on the increase in fractional excretion of sodium
might be applied by chronic administration of roselle
extract on patients with hypeﬁenssén, However, the
mechanism of the effect of roselle extract on tubular

functicns needs further investigations.
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Conclusion

This study demonstraies that the crude
agueous extract of roselle has an acute effect onrenal
function by decreasing effective renal plasma flow
white the filtration fraction was increased without

a significant change in systemic circulation.

Nevertheless, the increase in fractional excretion of

sodium was observed. These effects were shown
within 30 minutes after the administration of roselle
extract. However, the mechanisms of the effects have
not been elucidated, and therefore need further

investigations.
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Equity @?&ﬁ@%sm-mamﬂ‘mgraphy service among

b@ﬂ&;g@saraeﬁ M @Eﬁ@rem %‘a&aﬁih insurance

é‘é@hemeﬁ in Thailand

_ Weerasak Putthasii* Virol Tangcharcensathien*®

Suwanna Mugem*  Wongduen Jindawatana®

Putthasri W, Tangcharoensathien ¥V, Mugem S, Jindawatana W. Equity of access {o
mammography service among bereficiaries of different health insurance schemes in
Thailand. Chula Med J 2004 Jul; 48(7): 455 - 63

Objective : To describe the characteristics of mammography users and sguat
access to mammography services by beneficiaries of different insurance
schemes.

Setting 2 Mammography units of nine public hospifals, namely the National Cancer
institute (NCI), Rachvithi Hospital, Ramaihibodi Hospital, idaharaf
Chiengmai Hospital, Lampang Hospital, Srinagarind Hospital, Khonkaen
Hospital, Songkhiznagarind Hospital and Hatyai Hospital.

Subjects s 1,067 users who completed self administered questionnaire.

Methods : Users were randormly selected from study sites. The number of subjects

at The Nafional Cancer Institute NCI, Rajavithi Hospital, Ramathibodi
Hospital, Maharaj Chiengma/ Hospital, Lampang Hospital, Srinagarind
Hospital, Khonkaen Hospital, Songkhianagarind Hospital, and Halyai
Hospital were 122, 125, 124, 118, 127, 124, 60, 136 and 130, respeciively.
They were requested fo respond o a self-administered questionnaire
which was developed by the researcher and tested at Songkhlanakarind
Hospital. Parameters used in the questionnaire included users’
characteristics, insurance coverage, care seeking behavicr and the modes
of their payment of mammography service. Dala were collected from

July 2002 to April 2003.

: "f__l'mernationai Heaith Policy Program, Ministry of Public Health, Thailand
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Result i The data showed that the beneficiary covered by the Civil Servant
Medical Benefit Scheme {(CSMBS) was the mosi common, joined by
60 percent of the recruifed users of mammography. The average total
expense paid by users, including fransportation and mammography.,
was 1,144 baht. Mammography fee accounted for 81 percent of
ihe expense. Users covered by different insurance schemes paid
mammography services differently. The uninsured group took the highest
burden atf 1,003 baht of mammography service fee, CSMBS paid 1,001
baht, the Social Security Scheme (5SS) paid 798 baht and the universal
healthicare coverage (UC) paid, the least, 365 baht.

Conciusion 1 The result showed that users’ expense, both mammography fee and
fransportation, was an obstacle o psople who needed the service,
There was Unequal access o mammography among different insurance

SChemes.

Keywords : ' Mammography, Equily of access, Breast cancer, Screening.

Reprint request : Pufthasri W. nfernationai Haalth Policy Program,
| Ministry of Public Health, Nonthaburi Province, Thaiiand 11000.

Recsived for publication: January 28, 2004,
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Cancer has been ranked the second and the
third causes of moriality in Thailand since 1377, led
by heart diseases and accidents.” The Nationa!
Cancer Institute (NCI) which is responsibie for cancér
prevention and conirol estimated some 64,000 new
cases of cancer in 1983. Breast cancer was the
second most common cancer among Thai women,
followed ceivical cancer. The estimated incidence
rate of breast cancer was 16.3 ger 100,000 women.
So far, hospitals in Bangkok have the highest
incidence rates, foliowed by Chiengmai Hospital,
t ampang Hospital, Songkhla Hospital, and Knonkaen
Hospital " Breast cancer is extremely rare in Thai

men. Age-specific incidence rates showed an

increasing rate with age and peaked among women -

of 50 years old. A plateau was observed for those
who are older than 50 years old with a smalt decline
of incidence rate among women of cider age. The
change of population age-component and lifestyie iead
ta an increasing incidence of breast cancer.
Although breast cancer was ranked second
among Thai woemen, it was a good mean for the
assessment of healthcare systems {including service
_delivery and financing healthcare) in their dealing with
early cancer detection and management. Although
the technique of seif-examination of the breast has
been widely promoted among women, anecdotal
observations found that Thailand has a poor
performance in primary and secongary preventions
of breast cancer. This is reflected by a high
prevalence of late-stage disease at first diagnosis in
cancerregistry. itindicates that 56 % of breast cancer
patients received freatment at clinical stages lil and

iv.¥ Regular screening is an important preventive

-measure in reducing morbidity and mortality of breast

Chula Med J

cancer. A stucy at Songkhla Hospita! found that only
37 percent of breast cancer patients practiced breast
self-examination and 51 percent heard about breast
cancer.” ‘

An effective nationwide:screening program
would result in an improvement of five to ten year
survival of breast cancer.” The improved survival
time did not only depend on the improvement of the
modality of freatments. but also on the stage of the
disease ai first treatment, the earlier the better.
Mammogram can detect a small change in the breast
tissue, which might indicate cancer. These lesions
may be toa small io be felt either by the woman herself
or by the doctor during the clinical examination. Ah
approptiate breast cancer screening program aiming
at early detection would result in an improvement of
treatment outcome.”

Equity concems fairness and justice. A
goed healthcare system should ensure that resources
are allocated according fo the needs and not {o the
capacity to pay. Also, it should ensure equal access
{o similar needs and equal distribution of health among “
different groups of population, fdf example, between
the rich and the poor, the urban and the rural :
population. '

Equal accessis often viewed as a "standard”
of health care. Access is defined as “freedom or .
ability to obtain or make use of”. Eqgual access, then, "
implies that everyone in the society is equally abls to )

“ Foliowing -

obtain or make use of health care services.
the definition, equal access would mean that perscmsf '
facing the same costs when consuming health caré”;‘ |
would alsoc have equal access. Accesé cost was a
combination of sevaral factors, such as distance 'to'"":'

facilities, out-of-pocket payment for services, etc. ™
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The benefit package covered by CSMBS does not
';ai\ow any reimbursement of annual screening but, it

: is possibie on diagnostic mammography for both in-

,' patient and out-patient services at public hospitals.

Similany, the UC and 5SS benefitis alsc available for
diagnostic procedure at the hospitalswhere they were
registered.

The objectives of the study are: 1) describe
the characteristics of the users of mammography in
public hospitals and; 2) analyze equality of access
by users covered by differentinsurance schemes and
the magnitude of payments for services by them. This
study would inform the national policy makers on the
direction of resources allocation for cancer screening

in Thailand. -

Methodology
Mammogrepny users at the nine selected
hospitals, namely the Naticnal Cancer Institute {(NCI),
~Rejavithi Hospital, Ramathibodi Hospital, Maharaj
Chiengmai Hospital, Lampang Hospital, Srinagarind
Haospital, Khonkaen Hospital, Songkhlanagarind
Hospital, and Hatyai Hospital were asked for
. their willingness to participate in the study. A seif-
.administered gquestionnaire was applied. The
jquestionnaire was developed by the researchers and
7 'fe,sted at Songkhlanakarind Hospital. The content of
t’le questionnaire consisted of users’ characteristics,
;é‘.xpense for mammography service and transport.
 The analysis was based on 1,067 subjscts,
ffandomiy selected from July 2002- April 2003. The
numbers of subjecis from NCI, Rachvithi Hospital,

Ramathibodi Hospital, Maharaj Hospita!, Lampang

Hospital, Srinagarind Hespital, Khonkaen Hospital,

Songkhlanagarind Hospital, and Hatyai Hospital were

dhiisuinrsuaslanasasnalssuan
pasTruuYTsiugrami lTuimsludssnsing

45%

122,125, 124, 118, 127, 124, 80, 136 and 130,

respactively. The data analysis included frequency
and frequency ranks categorized by the jour public
health insurance schemes: usears without any health
insurance {the uninsured), the thirty-baht scheme or
universal healthcare coverage (UC), social security
scheme (858}, and civil servant/stale enterprise
medical benefit scheme (CSMBS). Finally, eguality
of access 16 mammography services was measured
by the cost of services and traveling expense

categorized by the four insurance schemes.

Results

Based on 1,067 users who completed the
structured qusstionnaire, 80 percent, 17 percent, and
5 percent of the subjects were covered by CSMBS,
UC and S8S, respectively, There were 18 percentwho
were uninsured. The average age of the subjecis
was 47.8 years old, 70 percent were married. Most
of them had bachelor and higher educational degree
graduates {43 percent); 31 percent had primary
education or lower; 14 percent had certificate or
diploma level; and 12 percent secondary school.

There were many factors in mammography
utilization and care seeking decision such as clinical
symptoms, hospital preferences, distance and
transport cost to hospital and other potential obstacle
to service. The reasons ihat led them to use
mammography varied among ftypes of insurance
coverage.

Having a breast symplom was the most .
commen cause among the uninsured, and those who

were covered by UC and S8S that led them to

" mammography service (Table 1). Breast check up

was the most common reason among the beneficiaries
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covered oy C8MBS. In additicn, being referred from
other heaithcare providers was the second most
common reason among UC members. This reflects
the nature of referral system of this scheme.

There were many important reasons on the
choice of hospital for mammography services. Having
modermn medical devices (66 percent) and having a
good reputation (53 percent) were the two most
common reas‘ons for choosing mammography

services assessed by fhe users. Ability to reimburse

the medical bills from the schems was an obvious
reason among the CSMBS beneficiaries.
Access 1o care was measured by distance

and travel fime to reach services. The average distance

from place of residence and traveling time to the

hospital was 74.9 kilometers, and that required 1 hour
and 29 minutes o reach the desiinies. The uninsured
traveied the farthest with highest travel time

{102.7kilometers and 1 hour and 44 minutes).

Table 4. Percentage and frequency rank of reascns to seek mammography by type of

insurance coverags.

Rezsaons to seek service The uninsursed

Chula Wed J

ue 5838 CSMBS Total
Check up 35 % (2) 20% (3} 31%(2) 55 % (1) 45% (1)
Breastsymptom 52 % (1) 45%{1) 62%(1) . 39%(2)  43%(2)
Be referred 3% (5) 25%(2) 6% (4) 1% (5) 6% (3)
Other symptom 4% (4) 5% (4) 8% {3) 3% (3) 4% (4)
Other reasons 5% (3) 5% (5) 4% (5) 2% (4) 3% (5)
Number of sample 192 182 53 640 1,067
Note: figure iﬁ bracket is frequency rank ‘
~ Table 2, Reasons for hospital choice by type of insurance coverage.
Reason for hespital choice The uninsured - UC 888 CSMBS Tofal -
[ Having modem-equipient 61% 54%  63% 70% © 66%
“Having ¢ reput - - 52% 55%  46% 54% 53 %
7% 2% 12% 70% 47 %
BCCESS. o o 39 % 47 % 58% 46% 46 %
o G_ood_ manner of staﬁ‘ an;%. good services - 37 % 36 %- 40% 44 % 41% . .
Being referred from other providers 2% 32% 6% 2% 7%
-Inexpensive 2% 27 % 21% 2% 7%

Note: more than one answer allowed
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Table 3. Average distance and travel time (o hospitals by types of insurance coverage.

insurance schems -

Distance (lom.}

Travel ime (hour: minute}

nsured

® the uni 102.7 1.44
uc | o 83.5 1:25
o 585 Y- 116
® CSMBS 73.8 1:26
Total 749 1:28

All ;espondents were asked whether
they came across any obstacie in zccess to
mammography sernvices. if it was positive, they werg
requested to identify the probiem. A subiect could
provide more than ong problems. 48 percent of ithe

respondents said they had at least one problem to

- access the service. Among the group who repoeried

_the problem, time spent in hospital (46 percent),

- mammography fee (43 percent), travel expense

(SO percent), and income loss (10 percent) were the
‘f;‘;:’,_mqst‘ common obstacles to access mammogram
,:jff adeguately. Among the uninsured, the mammography
_,_,‘:,feie was the first problem. The UC and 558 members
reponﬂd that difficulty of traveling was the most

':':-"‘f-,_nmpo;tant.

::",’z’af:zﬂe; 4. Potential obsta

cies {0 access mammography by h

Users covered by different insurance

schemes had wide variation in traveling cost.ang

payment for mammoegraghy fee. The subjects were -

asked {o tell how much they paid for traveling from

home to hospita

total expense for the access (0 care was esi...aateq L
at 1,144 baht. The mammography fee was 81 parcent'

fthe total expense, 19 percent was. ‘traveélng bos’{ SR

The uninsured had the highest expenditure of1 303'—';—

baht, whereas the beneﬁcyanes of UC paid 581 baht.r' '

While the UC members had ‘Lhe least cost but the‘fg

proportion of travel cost is the highest (37 oercen )

For the payment of mammography fee (exn udmg e
transportation), the uninsured group bore the h;ghestlr‘-_

003 baht, CSMBS paid 1,001 bant, the

burden at 1

eal Lh Insurance coverage.

o Potential obstacles The uninsured

Rank (percentage)} _
CSMBS

ue $8S

 Time spent in hospital 2 (34 %) 424 %) 3(23 %) 1(57%) - 1(46%)
Mammogram fee 171 %) 2 (29 %) 4(8 %) 2(38%) . 2043%)
Travel expense 3(20%) 1(49 %) 1(54 %) 3(28%) 3(30%).
ncome loss 4011 %) 3 (26 %) 2 (31 %) 4(5 %) 4(10%) . -

; 'Nt_),te,'ﬂ;_s mgre than one answer allowad
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Table 5. Expenditure paid by users of different health insurance coverage.
Mammography _

Health insurance Travel . Fee ' ) Total expense
® The uninsured 300 1.G03 1,303

(23 %) (77 %) _
e Uc _ 218 365 581

(37 %) {63 %) '
@ SSS 120 798 918

(13 %) (87 %)
® (CSMBS 215 1,001 1,21€

(18 % (82 %)
Total 220 gz24 1,144

(18 %) (81 %)

Social Heaith Insurance paid 788 bant and the UC
paid the least amount of- 365 bant, However, the
CSMBS beneficiaries can reimburse their bills if that
mammography was for diagnostic purpeses. The
scheme does not allow reimbursement of annual

screening.

Discussion and conclusion

The result showed that beneficiaries under
CSMBS had a better access 1o mammography than
others. Major reasons of seeking services differed
among beneficiaries covered by different insurance
scheme. Having a clinical symptom is the most
commen among the uninsured whereas this is the least
among the CSMBS beneficiaries. Most CSMBS used
mammography as a check up than other groups.
However, dist ce rand fime on ‘trave!ing was not
significantly different among four insurance schemes
that all groups could go to hospitals within two hours.
Beneficiaries under SSS had the least traveling time.

The result aiso displayed that expenses

shouldered by the mammography users could

possibly be g barrier to the services. Travel costand
service fee might probably a crtical determinant of
whether the care was sought. It can be said that
ineguality in health utilization partly came from penefit
covered by insurance scheme e.g. CSMBS which was
considered one of the most generous health benefit
and insurance scheme in the country.” However, the
utilization rate shouid compare wiih their cancer
incidence by schemes. Unfortuhaﬁe%yf ihe data are
not yet available.

Furthermore, there were also other factors
affecting the accessibility to mammography.
Particularty, mammography facilities, the number of
the machines increased rapidly and especially
significantly during 1995-1987. As a result of the
economic crisis of 1897 the growth in the expansion
of mammography slowed down. The growth rate in
the public sector mammography was higner than the
private sector.” The waiting ime, another indicator
of faimess, was however not included in this study. -
Patients may have to wait longer in line, if the dem’a:ﬁ;d :

)

of the service increased especially in public sectors.
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‘Inaddition, the common barriers of cancer screening
nclude fear of cancer, fatalistic views of cancer, and
'gﬁ'atient's embarrassment of breast exposure to
clinicians. Positive cues to undergo screening imc\ude‘
_physician recommendation, community outreach
prdgrams with the use of lay health workers and use
of cutturally specific media.”

. : The validity of this study was based on salf-
'administrative guestionnaire. is principle was to
.féduce the effects of interviewers’ interaction so that
informants would fell free to express their opinions.
However, it might not be suitable for subjects who
héd low level of educaticn, and obvicusly among
iﬁ_it_'erate respondents.® In this siudy, someincomplete
el of questionnaire or some part of the questionnaire
-Wére excluded. 7

_ ._ In short, in order to improve equily in access
10 -breast cancer scraening, breast-self exam and
-Cli'nicaﬁ breast exam program might generally be
recommended to increase the awareness of
‘mammography. An effective mammography policy
rﬁust b.e taken into account barriers such as users’

expense on traveling and mammography fees.
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An&t@micawariaﬁﬁﬂa of the colic arteries from
- the superior mesenteric artery

Prapon Karnjanasilp*
Surapom Kormnthong* Thanasip Huanmanop®

Sithipem Agthong*  Vilai Chentanez*

Karnjanasiip P, Kornthong 8, Huanmanop T, Agthong 8, Chentanez V. Anatomical
variations of the colic arteries from the superior mesenteric artery. Chula Wed J 2004 Jul;

48(7): 465 - 74

Problem/Background i Currently, there are no detailed data of the anatomical
variations of the calic arteries in Thal population. Since colon
surgery is stifl widely practiced in Thailand, a study to provide
such dala is essentially required.

Objective : To study the anatomical variations of ileocolic, right colic and

middle colic arteries in Thai cadavers.

Setting °  Department of Anatomy, Facully of Medicine, Chulalongkorn
University -
- Ressarch design : Descriptive study
 Material 1 100 cadavers coilected at the Department of Anaiomy,

Faculty of Medicine, Chuialongkorn Unfversity from 20017 to
2003

g Methods : The abdomen of each cadaver was dissecfed 16 expose
the lleacaiic, right colic and middie colic arteries. The existence
and origins of these arteries were then noted and categorized

into 11 patterns described in Netter’s Atlas of Human Anatomy.

*Dapariment of Anatomy, Faculty of Medicine, Chulalongkorn University
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Results The most common pattern was the common origin of the right

colic and middle colic arteries which was different from the

previous report. The branch from the middie coiic artery o

feft colic flexure (Pattern 6) was observed with much higher

frequency than in the previous study. Arch of Riolan was
q ¥ 14

found in 6 % of the cadavers and the middle colic artery
from the celiac frunk was also observed.

Conclusion & This study showed some differences between Thai and
western subjects in the anatomical variations of the colic
arteries from the superior mesentsric artery. These data will

be usefui for performing colon surgery in Thai patients.

Keywords : ieocolic artery, Right colic artery, Middie colic artery,

Anafomical variation.

Reprint request : Kamjanasilp P. Department of Anaiomy, Facuily of Medicine,

Chulaiongkorm University, Bangkok 10330, Thailand.
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Nowadays, operations of the colon are among
common procedures performed by surgeons, for
example, resection of the colon which is dong as a

curative or palliative treatment for colon cancers. The

extent of colonic resecton is largely determined by -

the bicod vessels in order to remove the lymphatic
drainage from the tumor-containing part of the colon.
Another'ihstance is colonic interposition which is
‘jempioyed to replace the removed esophagus in
patients suffering from esophageal cancers. The
anatomy of blood vessels must be considered in this
case aswell. Therefore, the knowledge in the anatomy
of colonic blood supply, especiaily arterial system,
is essential in performing these life-saving cperations.
The surgeons have to keep in mind not only the norma
anatomy, but also the variations of colonic arteries.
Since the extensive study of colonic artery

variations by Sonneland and colleagues in 1958'", in

which specimens frcm 800 bodies were examined,
there have besn only some small reports of aberrant
colonic arteries, for example, the ancmalous middle
coiic artery from the proximal segment of the spienic
artery™ and the middle colic artery from abdomina!
zorta {middle mesenteric artery).® Moreover, there

were no such studies in Thai population. Due to the

passibility of different anatomical variations between

the Thai and westemners, the study of the anatomy of
colonic arteries in Thal popuiation should be done.
Hence, this study was carried out to serve this

purpose.

Materials and Methods
One-hundred Thal cadavers collected at
the Department of Anatomy, Faculty of Medicine,

Chutalongkom University were used in this study. The

Chula Med J

existence and origins of the middle colic, right colic
and ileocolic arteries were noted and reported
according to the patterns shown irn the standarg
anatomy atlas, Netter's Atlas of Human Anatomy

This study was started in 2001 and finished in 2003,

Results

According to Netfler’s Atlas, there are 11
recognized patterns of the varigtions of the calic
arteries (Table 1 and Fig.1). We found 14 cadavers
{14 %) with Netter's Pattern 1 (Tabie 1). Common origin

of the right colic and middle colic arteries (Pattern 2}

was the most frequently found pattern, observed in

- 28 cadavers (28 %). Pattern 6 was observed with less

freguency (18 %). Patiern 3,5 and 7 were found with
similar incidences (8,9 end 10 cadavers, respectively}.
Arch of Riclan (Pattern 8) was identified in 8 cadavers.
The patterns with the least freguencies were Patiern 4
and 10 {3 and 4 cadavers, respectively). Pattem &
and 11 were not found in this study. No new variatlion
compared to Netter's Allas was identified in our

specimens.

Discussion

The most frequently found pattern in this study
was Pattern 2 (28 %) which had a common trunk for
the right colic and middie colic arteries. This is in
contrast (o the report of Sonneland and colleagues
where Sepafate origing of right colic, middie colic

and ileocolic arieries {Pattern 1} were observed with

the highest incidence (23.8 %)." Moreover, the

incidences of Pattern 1 and 3 were much lower in our

study (14 % and 8 %, respectively) compared to those
of Sonneland™ (23.8 % and 22.7 %, respectively).

This may be of clinical interest as the middls cclic
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Tzble 1. Variation patterns of the colic
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SRLAY superior mesantaric

arteries in this study compared with those in Sonneland et al.™

Pattern Description

Percentage of cases

Sonneland This study
i "f.‘fRi’gh‘t colic, middle colic and ileocolic arteries have their own origing 238 14
2.5 Common origin of right cclic and middle colic arteries 21.5 28
‘S‘ .Commcn origin of right colic and ileocolic arteries 227 8
- Absence of middie colic artery, replaced by the branch from lefi colic artery 36 3
15 ;;Absenoe of right colic artery 124 9
6 B’ranc.ﬁ from middle colic artery to left calic (splenic) fiexure 0.4 18
- 7 Accessory middle colic artery to left colic (splenic) flexure N 10
8 - Arc of Riolan between middle colic and left colic arteries N 8
o D;scon‘hnumy of marginal artery between right colic and ileccolic arteries i 0
Mnddxe colic artery originating from celiac frunk via dorsal pancreatic artery G 4
B ‘.Middﬂe colic artery gives origin ‘o darsal pancreatic artery N 0
V Total no. of cases

500 100

NM;’“:Not mentioned

&ﬂery cannot be divided close to the superior
msentenc artery in the Thai more than in westem
:-a;aents. Regarding Pattern 8, we observed a much
nighréf'bercemage relative to what was reperied in
"hé‘-'é;éhﬁ‘e'st:.;dy{” (18 % and 0.4 %, respectively). In
addauon we found 4 % of our cadavers with Pattern
1.0;w.h;ch was notseen in any cadaverin Sonneland’s

)

."udy These inceonsistencies may be due {0 the

o

renices in the races of cadavers used,

“Despite these several differences, there were

.scmers;féiiarét}es in the variations of colic arieries.
The frequencies of Patiern 2 in the above study
ar’ad;qtjrs were not much different (21.5 % and 28 %,
resﬁéb‘tix)e%y). The absence of middle colic artery
::'Patté'?h 4) was seen in 3 % of our cadavers which

was:

_—sim:!far to what was previously regorted by

Sege’and co-workers™ (5 %), and Sonneland and

colleagues" (3.6 %). in contrast, our figure of 3 %
was sfightly higher than that of Garcia-Ruiz ang
colleagues' report™ (6 %). Moreover, the frequency
of the absence of right colic artery (Pattarn 5) in this
1o that observed in

study (9 %) was comparable

Sonneland’s study'™ (12.4 %). Our percentage of the

presence of Riolan's arch (6 %) was also similar to

“whatwas reported by Renner's group™ (9.6 %). These

data are clinically important since radical high ligation
of the inferior mesenteric artery can be done with less
effects on the viability of the cescending colon if this
arch is present.”

[t is worth noting that we did not find the
middle mesenteric artery arising from the aorta and
supplying the transvarse colon which is an extremely

rare anomaly, only reported by two studies.®”
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Pattemn7 (10%) Pattern8 (8%) Patterng (0%)

Patlern10 (4%) Pattern11 (0%)

Figure 1. Fleven patterns of colic arieries | = lleocolic artery, R = Right colic artery, M = Middle colic artery, L = Left
colic artery, A= Arch of Riclan, D = Dorsal pancreatic artery, AM = Accessory middle colic artery {modified

from Netter's atlas™”)
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In conclusion, in this study, we found that

several anatomical variations of colic arteries in Thais

had different incidences compared to the pre\}id‘us
S'tqd_ées which based an different population. Some
ﬁé‘ﬁétions are likely of clinical interest for exampie,
“when truly radical right hemicolectomy is desired.
_fherefore, our data indicate that these anatomical
: v_ariat%ons ofcolic arteries should be concemed when

. golon surgery is to be performed in Thai subjects.
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Exercise and Osteoporosis

Praneet Pensri*

Pensri P. Exercise and Osteoporosis. Chula Med J 2004 Jul; 48(7): 473 - 88

Ostecporosis is a mafor public health problem of the elderly, especially postmenopausal
women; it demands effective strategies for prevention and freatment. Bone mineral density
{BMD) has been shown lc decrease in response fo physical inactivity which leads fo increased
risk of osteoporotic fractures. Studies in animals show that bone has enhanced physical and
mechanical properties following periods of increased siress at specific skeletal sites. Bone
adapts to mecheanical loading or weight-bearing exercise by increasing bone mass. Cross-
sectional studies in humans show that physically active subjects have significant higher bone
mineral density than age-maiched sedentary controls. Moreover, athistes have greater bone
mineral densifies of the dominant playing limb than in their non-dominant counterpart. Because
of the inherent bias in cross-sectional studies, the questions on the effect of exercise training
may only be answered by longitudinal studies. Longitudinal or intervention studies suggest

. that resistance lraining with high intensify and low repetitions can increase bone mineral density,
particularly in the site-specific loading training. Furthermore, walking or weight bearing exercise
is currently recommended because of its greatest compliance. However, further research is
needed to establish an appropriate exercise prescription for preventive and therapeulic fraining

programs for pestmencpausal women,

Kewwords : Osteoporosis, Posimenopausal women, Exercise.

Reprint request : Pensri P. Department of Physical Therapy, Faculty of Allied Health
Sciences, Chulalongkom University, Bangkok 10330, Thailand
Raceived for publication: May 31, 2004.

Obiective : 1. To describe animal studies and human studies involving with exercise in

' Osteoporosis,
{ e 2. To raview research evidences that summarize the effectivenass of various
| types of exercise in preventing bone loss in postmenopausal women.

* Department of Physical Therapy, Faculty of Allied Health Sciences, Chutalongkorn University
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"Osteoporosis is a disorder of the skeleton
cﬁ?éfr_aclterized-by low bone density and micro-
arc-ﬁiféotura% deterioration of bony tissue. This results
i éﬁ';}increase in fracture risk.!"” Osteoporosis and

i :*.,._s”tedpehia* are major public health problems in
t@déy;s society. ¥ The World Health Organization has
deT“ed osteoporosis as a condition of the bone in
' which the bone mineral density (BMD) is lower than
2.5'8;3 or more below the young adult mean {T-score
ator below -2.5). Ostecpenia is defined when BMD is
“between 1 and 2.5 SD below the young adult mean

('{"’—‘:Sc.orre at or below -2.5), whereas normal BMD is
.qéﬁned' as BMD between 2.5 SD above the young
adilt mean and one SD below the young adult mean.”
R‘e_sk:factors for osteoporosis include agse, prior
I}‘ééﬁkr’es, hypogonadism, gstrogen use, giucocorticold
use smaoking, alcohol intake, low body weight and
' fa'fhi\ii history of osteoporofic fracture.”

f."i‘:k*—'--‘ - 'lthas been reporied that there is a steep rise
inthe incidence of osteoporotic fractures with age and
there is a higher incidence in women than in men.”

Prevention of osteoporotic-related fractures is

dé“prendent on the ability to detect low bone

mass .within individuals, including women who
éﬁé-‘-é‘symptomaﬁc,m In women with secondary
amenorthoea, the peak bone mass is reduced and
; the3!-ﬁfisk of osteoporosis is increased. Peak bone
mé'_s‘s'fis alse reduced by late menarche. Prematura
ﬁ{énopause, especially before the age of 45, is a strong

determinant of bone loss and increased risk of fracture

among women.® Rapid bone loss at the start of the
méﬁbpause is also an important contributing factor to
tfie development of osteoporosis.” The rate of bone

i&éjs:dfamancaiiy increases during the first ten years

Arreantdon YR uMIZN TRENWTH 475

of menopause. [thas been estimated o be 2-5% per
year.” Women with postmenopausal ostecporosis
lose trabecular bene atanaccelerated rate (three times
the rate of normal losses."”

Treatment of osteoporosis involves the
use of either anti-resorptive {e.g. sestrogen,
bisphosphonate} or bone formation agents (e.g.
parathyroid hormone}. Lifestyle changes should be
encouraged including adequate calcium and vitamin
D intake, maximizing physical activity, and reducing
falis.” Certain types of exercise hava been found to
exert moderate benefits on BMD of the hin, spine,
and wrists, the sites that are normally affected by
osteoporosis.”™

Exercise has been recommended as an
effective strategy in the prevention of or freatment for
bone loss after menopause. Although perticipation
in an exercise program may be time-consuming
and needs consistent effont, it has cernain clear
advantages, such as low cost and freedom from
negative side effects and the presence of positive

side-effects.™®

in particular, the prevention of
csteoporosis is vital, because there is no efiicient
treatment once the bone architecture has deteriorated
to the paint of fracture. Evidence that exercise is
osteogenic and can reduce tne incidence of
osteoporotic fracture has conciusively demonstrated

in the number of studies.”™

It is widely accepted
that exercise can increase or maintain BMD, but the
exact mechanism is still unknown, as are the
specifications of effeciive exercise programs in terms
of site of application, intensity, frequency and duration.
As such, several studies in anpimals and human

subjects were conducted in the area of osteoporosis

‘i-’.er'm used by radiclogists to indicate that the bones on a plain x-ray film appear to be of decreased mineral content
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to examine how the physical anc mechanical
properties of bone change with exercise, and which
exercise regimens are most effective in enhancing
bone formation. in addition, it is possible to study
the mechanical and chemical propeities of bone
directly in znimal skeleton and apply the knowledge

‘gained from animal studies to human studie

Studies in animals

The key vanables associated with exercise
f@% bone formation are: strain magnitude, strain rate,
strain distribution, number of strain cycles, dynami
strain and applied load."*™ Animal models have been
used to determing the adaptive response of bone to
mechanical stimulation in a controlled environment.
Obvicusly, some eéxperimental protocols are
performed more easily on animals than on human
beings. However, one must be aware of the possible
shaort comings of the findings derived from animal
studies, in terms of the difficulty in directly comparing
and evt’aso‘a ing findings to humans. Morecver, the
intensity of exercise and age of the animals remain
significant to determine the effects of exercise on
bone.
Model of external loading

One of the techniques of loading bones in
vivo isto apply artificial external loads. Bone mass

can be generated at a particular site by controlling

the strains produced within the bone tissue. The

results have shown that a greater amount of bone

formation occurs wher bone is subjected to
progressively greater magnitudes of strain with
relatively few loading cycles {as few as 38 per

) {15-16)

day). This suggests that the adaptive cess

Chutla Med J

within the skeleton can be engendered by
comparatively infrequent loading events rathsr than -
requiring long pericds of repetitive activity.™?
oreover, bone can respond to changes in strain
distribution. When the strain distribution is altered,
new bone is deposited to compensate for the structural
loss. Thisindicates that, the prime objective of bone’s
adaptive remodeling is {0 produce a mass and
arrangement of the skeletal tissue in which can
withstand the functional demands placed on it.
Based on these siudies and others, it can be

concluded that if strains are dynamic, high in

magniiude, high in rate and of abnormat distribution,

11 osteogenic response can be achieved

after remarkably few ioading cycies.

Model of weight bearing exercise

The most frequently used method of weight
bearing exercise in animals is aesrobic exercise,
primarily treadmill running.””’™ Several studies have
indicated that bone adapts to prolonged weight
bearing exercise by increasing bone mineral density,
increasing cortical bone area, and increasing stifiness.
However, results of running studies on BMD in animat
models have been eguivocal, i.e., varied and

inconclusive. It has been shown that running might,
increase bone calcium and bone volume, but no

hange in bone density in swine."” One of the primary
limitation in the study of the effect of aerobic exercise
on BMD is the unavoidable systemic effects; such
programs have their potential for either potentiating
of reducing the benefits of mechanical loading on
bone.®

Other limitations in these studies Included

complex interactions between bone remodeling and
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axpicise intensity, exercise duration, animal spacies,
'=nd skeletal age. Furthermore, these conflicting
findifigs show that zerobic-type exercise is probably
“.Oi'»%hs'op?imal mode for incredsing bone mass and

more weight training studies should be carried out.

Mode! of disuse osteoporosis -

“Loss of mechanical loading caused by

,immobiliza‘(ion and paralysis in animals has been
.htac%ied {0 determine the effect of disuse ostecporosis.
jA-ﬁer'immobiiizatéom the rats’ bones are significantly

d-et‘feased in comparison to age-matched

; P The loss occurred earlier in the animals
nﬁ ‘é calcium-deficient diet @ or e anifals inthe
" absence of the thyroid and parathyroid glands.®”
Qaﬁfcuiaﬂy, the bone loss was much more severe
in t?n'é weight-supporting bones. These studies
guéggested that the reduced bone mass was caused
.:."Eif.aﬁ intreasein bore resorption and a decrease in
Jonefow“tion In paraplegic rats, lower bone calcium
rucontent was found, indicating that bone deposition
nad slowed down and perhaps that resorption had
ootirred.®¥ Similarly, a study in rats that were
.s.ﬁbj?ecied to simulated weightlessness has shown
that there was reduced activity of the osteoblasts in
the’iédhg bones. This éuggests that the lack of
secharical stress somehow ‘signal’ the osteobiasts
_ nottofunction in their normal activity ®* -
~In conclusion, studies in animals show that
i'n'cfé.éséd hone mass can result from increased stress
at specific skeletal sites. Strains which are high in
raziéénd meaghitude, and o'fabnormal distribiztion, but

notnecessaniy long in duratian, are best for inducing

new bone formation, resulting in the strengthening of

bone by increasing its density. From the results of

msganfidemanunitznssganiy
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these studies, it can be concluded that optimal
exercise regimen designed to increase bone mass
and strength should involve loads of high magnitude
and rate, should be dynamic and involve a varied
pattern of stress. Relatively few cycles of loading per
day {approximately 36 cycles) would be reguired, so
the exercise would not have to be long in duration.
Alsc, the exercise program shcuid be performed
regularly to avoid reversibility due to disuse or

inactivity.

&)

Q“
L~

dies in humans

The majority of evidences support that
exercise is 2 preveniive stralegy for osteoporosis has
accumulated from cross-sectional research. Most
studies have focused on relationships between
activity patterns, parameters of fithess, or atnistic
status. Cross-sectionsa! studies provide resuits which
reflect the effect of habitual loading pattern on

bone status, while longitudinal studiss produce

more definitive findings gained from the exercise
intervention. However, .intervention studies are
somewhat more difficult because it takes a fonger

time before changes of bone may be detected.

sectional studies

Basically, two types of studies have been
underiaken to igst the hypothesis that increased
physical activity is associated with higher BMD. Some
studies invastigated the effect of unilateral activity
on limbs of the'same individuals, while cther studies
compared athletes and sedentary controls or

individuals with varying bBackground of physical

-activity.
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Unilateral limb model
in the studies of unilateral limb model, there
was considerable evidence that physical activity nad

D% geveral studies have

positéve influence on BM
demonstrated greater bone mass in the bones of the
arm and forearm on the dominant side in professional
tennis players or those who have played regularly
‘throughout their life. These findings suggest that the
adaptation of increased bone mass is in respense to
habitual bhysical activity that is specific tc the site of

stress and not mediated by a systemic effect.

Comparative studies of different athletes with
sedentary populations

Recent cross-sectional studies of athletic
groups show that participants in high impact sporis
such as gymnastics, basketball, and netball, and
medium impact sports such as running, and field
hockey have significantly greater BMD than players
of nonfémpact sports such as swimming, and non-
athletic groups.®™ Mechanical loading appears fo
be a key factor in this relationship. Studies have
examined gymnasts, swimmers, and sedentary
individuals have demonsirated greater BMD per unit
increase in body weight was more among gymnasts

than amongst swimmers cr sedentary individuals.®"

#30 curther study has shown a positive relationship
between muscle strength and BMD in young wrestiers,
basketball players and tennis players.®” These resuits
suggest that high-impact bone loading activities may

iead to increased BMD in athletes.

QOther cross-sectional studies
Studies on various non-athletic groups e.g.

young wemen, premenopausal women and men have

Chula Med J

demonstrated a positive correlation between bene‘,{f
mass and the level of daily physical activity.Z®
Some studies support the concept that the deminant
factor in daily physical activity relating to BMD is site - |
specific, high loading activities, e.g. prolonged daily -
walking can increase calcaneal BMD. However,
extreme exercise, too little or excessive, may both ;
resultin bone loss. Amenorrheic athletes, paricularly
those in endurance sporis, have been found 1o have j‘
2 lower BME than malched groups of sumenorrhsic

(36-37)

athletes. A previous study has shown that the

BMD of the amenorrheic women's lumbar spine
was 88 % of the eumenorrheic women’s value.®”
Reduction of activity in female athletes can produce
eumenorrhea. The resumption of menses, in tum,
contributes to the significant increase in the verigbral
BMD of the formerly amenorrheic athietes.™
The relationship between muscle strength and

BMD in anatomically related areas in human subjects |
was also studied. [t has teen demonstrated that the
elbow extensor peak torgue is significantly associated
with radial BMD in men and women.® This relationship
may reflect compressional loading that occurs along
the radius when the irice,os brachii are used during
concentric (e.g. pushing) or eccentric contractons (e.g.
lowering the body). These studies suggested that
muscle strengih may be a factor ir the determination
of BMD in weight bearing sites. However, other studies
could not find a-correiation between muscle strength
and bone mass. This may be a result of the limitation
of cross-sectional stﬁdies.

- Although cross-sectional studies have . ﬁ
correlated physical activity or associated factors with

bone mass, it cannot demonstrate a cause-effect

~ reiationship.” The most convincing evidence linking
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exercise and bone mass comes from controlied

arospective intervention studies, as discussed in the

following section.

assanitdsmeiuaTsnTeRnwgY

Intervention studies
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Since problems associated with ostecporosis

are mostly found i postmenopausal women, a number

Table 4. Randomized controlied trials of aerobic / weight bearing exercises for postmenopausai women.

Rg?’erence Subject * Bone site, Training description ° Results *
' Measurement
methed®
Grove etal. E 10 Lumbar High and iow impact aerobics Exercise groups
(1992 ®9 C5 3 xMw, 20 min., 12 months. maintained BMD
2 - DPA
Lauetal £15 Lumbar 100 x stepping up and down a Changing in BMD
(1992) “® c12 Femur block + 15 min. exercise LS:E: 1.32%, C: -0.1%
: moving the upper trunk 4 x /w, FN:E:6.0%, C:-4.2%
: _ - DXA 10 months
Hatorl et al. MO Lumbar M: 3 x Aw 30 min., 7 months Changing in lumbar
{(1093) H12 walking at 90% of the HR at BMD
e C9 - DXA anaerobic threshold M:-1.71%
H: 3 xAw 30 min., ¥ months H: 1.89%
walking at 110% of the HR at C: -2.891%
;- anaerobic threshold
'Baésey& E20 Lumbar E: 1 x /w high impact exercise Changing in BMD
Ramsdale C2z4 Femoral + 50 heel drops/day at home LS E -3.4%, C.-1.0%
{1995) ¥ neck, C: 1x/w low impact exercise FN: E: 0.1%, C: -0.78%
o + flexibility exercise at home
-DXA
Prince et al. E 42 Lumbar Weight bearing exercise 2h/w Changing in BMD
{1g05) “® C 42 Femur +walking 2h/w at 60%HR LS: E: 0.76%, C: -0.1%
: 24 months FN: E: 0.28%, C:-0.18%
-DXA ‘
Bravo et al. E 87 Lumbar Weight bearing activities 1h Changing in BMD
{1096) “ ce3 Femur 3x/w at 60-70% HRR + LS: E:0.55%, C:-1.29%
: flexibility exercise FN: E: 0.27%, C:-0.40%
- DXA

“E': exercise group; C = control group; M = moderate-intensity training group; H = high-intensity training group;

h'EZ)P_A = dual photon absorptiometry; DXA = dual-energy X-ray absorptiometry
W = hour perweek; x /w = times per week; min. = minutes, HRmax = maximal heart rate; HRR = heart rate reserve

f’BMD = hone mineral density; NS = nonsignificant; FN =femoral neck; LS = lumbar spine; RD =radius, % =% changé

paryear
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of longitucina! exercise studies measuring BMD in
postmenopausal women have been conducted (o
investigate the effect of exercise on bone mass.
Unfortunately, narrative reviews of such studies mastly
come to a conciusion that exercise training programs
may maintain or improve the bone mass or provids
conflicting results.“"*” The inconsistent results of the
narrative reviews is probably due to the fact that those
reviews mostly included both non-randomized
controlled trials and randomized controlied trials
(RCTs). Since non-randomized controlled trials can

introduce confounding factors e.g. self-selection,

Chula Med J

convincing evidence for the effect of exercise thus .
comes from RCTs which offer the best possibility for
avalid evajuation of the treatment outcome.“” To date,

a few studies of systematic review and meta-analyses

of RCTs that examine the effect of exercise training

programs on bone mass have been published.”*
The number of RCTs included in these systematic
reviews varied from 12 trials ¥ to 18 trials.”*” The
exercise training programs included aerobic, streng-
thening, resistance or weight-bearing exercise.

Retevant RCTs are summarized in Table 1 and 2.

Table 2. Randomized conirolled trials of resistance exercises for postmenopausal women.

Refersnce Sublect® Bone sits, Training description ° Resuls °
Measurement |
method®

Sinaki et al. E 17 Lumbar Back strengthening exercise.; &t Rates of bone loss

(1989) ©» C18 home 5 X /w, 24 months. between C and E, NS.
-DPA

Noteiovitz et al. ES Lumbar Resistance fraining & stations Change in lumbar BMD

(1991} ¥ C 11 8 RM 3 x fw 15-20 min., LS E:8.3%, C: 1.5%
-DPA 12 months.

Nelson et al. E 20 Lumbar Femur High-intensity strength training, Changing in BMD

(1994) ©Y S C19 various exercises LS:E: 1.0%,C:-1.8%
-DXA 3sets of 8 reps. at 80% 1 RM FN:E: 0.8%. C:-2.5%

2x 45 min. , 12 months
Pruitt et al. L7 Lumbar 10 resistance exercises 3x/w NIS change in lumbar &
(1095) ©¥ ~ H8 Femoral neck,  60-75 min., 12 months ..~ femoral neck between
C11 L:3sets 14 reps. at 40% 1 RM | groups

- DXA

H: 1 sets 14 reps. at40% 1 RM

+2seis 7 reps. at 80% 1TRM

0-43)
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- Hologic 4500

2xfw, 24 months

-Flef(e?ance Subject*  Bone site, Training description ° Results °

A o Measurement

' method®
Keretal. ) EZ3 Femoral neck,. Unilateral resistance training Changing in BMD
(1996) oY C23 Radius 3 sets 20 RM exercises of upper EN:E: 1.7%, C:-0.6%
' | ' . and fower fimb 3 x Aw 20-30 RD: E: 2.4%, C: -1.4%
- DXA : min., 12 months; cther site

. served as control site

gg{?etéi. | 8 47 Lumbar Femur S: nine exercises + resistance Changing in BMD in S
12007) F43 ° Radius F: nine exercise + stationary group at hip site
S C 42 bicycle riding with minimat load

*E = axarcise group; C = control group; L = low-intensity training group; H = high-intensity training group;

§=strangth training group; F = fithess group

°DPA:":'du'ai photon abscrptiometry; DXA = dual-energy X-ray absomitiometry

.'p'er year

Aercbics / weight bearing exercise

Several studies have used randomized

« exercise interventions fo investigate the effects of
-aerobic or weight bearing exeircise on posimenopausal

‘bone mass, as seen in Table 1.“* Agrobic exercise

prb"grams mostly consisted of upper, lower limbs

and trunk, a mixture of calisthenics, stretching,

strengthening and walking exercises.” Fewexamples

0f RCTs in this.area and their treatment effects are

mentioned beiow.

A-1-year randomized intervention study of
we"i__ght bearing exercises (walking, stepping up and
down frem benches), agrobic dancing, and flexibility

exercises tombined with patient education was

- -conducted in 124 postmenopausal women.™ The

Sx v =times per week; RM = repetition maximum; reps. = repetitions; min. = minutes

- "BMD="bone minesai density; NS = nonsignificant; FN =femoral neck; LS = lumbar spine; RD = radius, % = % change

exercise intensity was 60 minutes, three times aweek,
over a period of 12 months. All subiects attended bi-
monthly educational seminars covering topics related
1o ostecporosis. Spinal and femoral BMD were
measured. The results showed that spinal BMD
stabilized In the exercisers whils decreasing
significantly in the controls (P=0.031), butno change
in femoral BMD was observed in either group.
Moreover, the exercise program produced a significant
increase in the functional fitness, well-being, and self-
perceived health of the exercisers, and reduced the
intensity of back pain. S

E.J. Bassey and S.J. Ramsdale (199‘5}
examined the effects of brief daily exerciss on BMD

in 44 postmenopausal women using weight bearing
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egxercise in a regimen adapted from ostecgenic
protocols reported in animal studies.*” The treatment
group was required to perform 50 “heel drops” daily
at home {raising the body weight onto the toes and
“then letting it drop to the floor keeping the knees and
hips ektended) and to attend a weekly class of high-

impact activities, while the control group did flexibility

. exercise ahd low-impact activities. The sites assessed

* \were spine and femur. The study showed no significant
~increase after 12 months of exercise at any site in
either group. However, there was evidence for a

- mainienance effect of the exercise in the freatment

-calcium supplementation and exercise on bone
density in 188 postmenopausal women was carried
-out.™ The exercise regimen used in this study
consisted of two hours of extra weight bearing
- exercise per week and 2 hours of walking (at 60 %
‘maximum heart rate) per week over 2 years. BMD

“ Wa's’ assessed at lumbar spine, hip, and ultradistal
+'site of titia. The result showed that the calcium and
‘ l"‘éﬁ‘(émi‘se’ group had less tone loss at the femoral neck
i olementation
" sldne (P<0.05). Nevertheless, there was no significant

- boné loss at the spine site in any group.

. | ltcan be concluded from the available RCTs
that aerobic exercise involving weight bearing exercise
can maintain or increase bone mass. Thatis, weight

,‘b‘earing exercise such as dancing, brisk walking,

- jogging, of jumping can reduce the rate of bone loss
in postmenopausal women. A training frequency of 3 -

- daysiweek at high intensity of at least 12 months

tends to result in an increase in BMD. In systematic

reviews and meta-analyses, the freatment effects of

Chulz Med J

aserchic and weight bearing exercise consisiently

(40, 42) and

occurred at the lumbar spine,”“** femur,
wrist. ™ This supports the notion that this type of
exercise may impose necessary sfrain, strain rates
and unusual strain distibutions on the bone,"? and
thus the osteogenic response and bone forma%%ora 2
occurs. However, some previous studies have
demonstrated that non-weight bearing activilies can
have positive impact on the bone mass.***" These
supporta hypothesis in which exercise-related factors,
other than weight bearing, alsc influence bone

remodeling.

Strengthening or resistance exercise
Strengthening or resistance exercises aimed
at causing muscle hypertrophy and other‘speciﬁc
loading regimens have been employed in several
studies.®" The evidence suggests that this
type of exercise is probably more appropriate for
osteogenesis than aerobic activities. Human bones
can be loaded indirectly via muscle pull, the inherent
assumption here is that the muscle pull wili create &
strain at its attachment site and an osteogenic
response will occur. Bones can aiso be directly loaded
by gravity and body weight. Despite this evidence,
a retatively small number of RCTs of strength training

have ‘been conducted among postmenopausal

women. In addition, these studies have varied in terms

of methodologies (Table 2).

Two reiatively recent well-controlied studies

. have demonstrated a positive outcome.®™ *® Nelson

and co-workers (1994)studied the effects of
high-intensity strength training exercises in 20
postmenopausal women using five different type of

exercises compared with untreated controls (n=19).%"
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2 years of exercise

program. In the 12-month study, th

-assigned with one side exercise while

fside acted as non-exercise control.

: (p<D,O5), supporting the hypothesis that site-
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Al éqb}ects were sedentary and sstrogen-deplete.
Thel .résu‘:ts showed that the exercise regimen could
significantly increase femoral neck BMD and lumbar
spine BMD. Moreover, the exercise helped to improve
ﬂ.ﬂ.ujs,_de mass, strength and talance in those women.

: ., Recently, Kerr and co-workers (2001)

iivestigated the effect of a 2-year exercise intervention

jifﬁ’thr’ee different groups: strength group, fithess group,

and non-exercise control. The two exercise groups

mpleted three sets of the same nine exercises, three

imes aweek. While the strength group increased the

loading, the fithess group had additional stationary

bicycle riding with minimal increase in loading. After

a significant increase in BMD at

ne hip site was found only in the strength group

}(‘P<C 01). Results of these studies indicated that

strength exercise was & feasible means {o preserve

: bone dens&ty in postmenapausal women.*

Some studies investigated the site specificity

of 'exercise using progressive resistance training

researchars

'_gpp!ied a three weekly high-intensity weignht-
u‘ti;aming regimen (3 x 8 rapetition maximum) in 56
@p@sl'tmenopausai women.®" The resistance exercises
_'.'Z:ii;ére selected {o stress the ipsilateral forearm and

" hip regions. The exercising side was randomly

the aiternate

BMD was

‘measured at the radial forearm and hip sites. The

5resu is showed a significant increase in bone mass

at the radius and hip sites in the exercise side

specific

training appeared 1o e effective in increasing forearm
BMD in postmenopausal women. This study also

.Qbmpared the effects of resisiance exercise regimen
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with those of endurance exercise and concluded that
postmenopausal bone mass coulc be significantly
increased by 2 strength regimen that used high-load
low repetitions but not by an endurance regimen that
used low-load high repetitions.®” This means the peak
load is more impartant than the number of loading
cycles in increasing bone mass in postmenopausal
women. |

in addition, scme intervention studies
investigated the effects of exercise in combination
with other therapies. In the f-year study, estrogen
therapy was combined with high-infensity strength
training 3x per week and statistically and clinically
significant increases in BMD were seen at the lumbar
spine (8.3%) and the distal forearm (4.1%).%” Others
studies have also examined the effect of estrogen

(57-58) and

replacement therapy plus exercise on BMD,
found that estrogen therapy combined with exercise
is mare effective than that of either esirogen therapy
or exercise alone.

Results from recent systematic reviews and
meta-anaiyses suggest that strength or resistance
training has a positive effect on the BMD at the
lumbar spine,” femur,”” and radius.*” In addition,
this type of exercise should be used in conjunction
with other types of non-pharmacologic and/or
pharmacoclogic therapy to facilitate the highest
advantage of preventive and therapeutic program for
postmenopausal women.

It can be summarized from the longitudinal

studies that exercise-training programs can prevent

or reverse bone l0ss in osteoporotic postmenopausal
women. Nevertheless, based on the current evidgence
it is not possible to define or recommend an ideal .

exercise prescription for bong health. The reasons
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that some human studies couid notfind a relationship
between the fraining exercise and BMD may be
explained by severa} confounding factars, including
body composition, aicoho: use, smoking status, diet,
nhysical activity, calcium supplementation, and
hormone reptacement therapy, as well as compliance
bias."” Since the effect of the exercises was
measured at different sites {e.g. spine, wrist and hip)
with different BMD measurements, it is not possible
to combine the results from the different studies. ©
Perhaps discrepant resulte may be explained by major
flaws in study designs, such as failure to realize that
time seauence is unciear in-cross-sectional studies,
poor choice of controls in case-conirol studies, lack
of a;’:p'ropréate length of follow-up in prospective
intervention studies, and the number of subjects drop-
cut in such studies. Besides, ico small sample size
or the use of specialized population that are not
representative of any larger population, may be the
reascn for these different studies. it has been
suggested that future ressarches in this area need to
facus on standardized cutcome measures, better
reporting of ali details of exercise prescription and

the accuracy of measurement.”

Conclusion

Animal studies demonstrate that unusual
strain distributions, high strains, and high strain rates
stimulate ostecgenic response, and thus iead to bone
formation. in human studies, however, the level of
physical activity is shown fo be correlated with bone

mass. Evidence supporis the existence of a site-

specific effect of loading exercises. Activities which

are weight-bearing or impact-icading are more likély

to stimulate increases in bene mass than non-weight-

Chuia Med J

bearing exercise. Strength training, high—impacf
exercise and weight-bearing exercise have been
pmposed as a useful means in the orevention and
?rea‘iment of bone loss in postmenopausal women.
However, the exercise program withoul an approgriale
regimen may result in the ineffeciive training without
any benefit to one. Exercise program shouid be
atiractive and convenience for individuals or graups

to follow in order to produce the greatest cerrsliance.

i
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1. Which of the following is not considered as a risk factor for osteoporosis ?
a. prior fractures
b. aicohol intake
c. obesity
d. hypogonadism
2. Which statement is FALSE about the management of ostecporosis 7
a. Prevention of osteoporotic-related fractures is dependenton the ébﬂity o detect Eow bone
mass within individuals, including ones who are asymptomatic
b. Pharmacological treatment of osteoporosis involves the use of either anti-resorptive or
anti-bone formation agents.
¢. Appropriate lifestyle, inciuding adequate calcium and vitamin D intake, maximizing
physical activity, and raducing falls should be encouraged in postmencpausal women in

orcer {o prevent osteoporotic-related fractures.

d. High-impact exercises have sign penefits on BMD of the hip, spine, and wrist, the

sites that are normally affected by osteoporosis.
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3. Which type of sport that does not lead to increased bone mineral density ?
a. gymnastics |
b. swimming
C. basketball
d. running

4, According to the studies in animais, an cotimal exercise regimen designed to increase bone

o
*
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m
U
1

mass should include all characterist
a. long duration of exercise session
D. high strain rate and magnitude
c. Abnormal strain distribution
d. Bynamic or intermittent mechanical loading
5. In prescribing an exercise program for patients with osteoporosis, health care professionals
should recommend all EXCEPT
a. High-impact exercises
b. Strength training exercises
c. Weight bearing exercises

d. Low-impact exercises
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Gamma-Hydroxybutyrate (GHB) and its derivatives:

A new and novel neuroactive drug of abuse

Krisda Sirampuj*

1

Sirampui K. Gamma-Hydroxybutyrate {GHE) and its derlvatives: A new and novel
neurcactive drug of abuse. Chula Med J 2004 Jul; 48(7): 491 - 502

There has been increasing aftention in the abuse of gamma-hydroxybulyrate (GHB),
with some evidence in other parts of the world especially the United States. In vitro and animal
research models show that, while GHB shares certain properties with some depressant drugs
abusive to central nervous system, it also has unique aspects of its pharmacology inciuding
actions af a specific neural receptor which probably mediates many of its effects. So far, the
assessment of the abusive potential of GHB with standard animal models has not yielded a
picture of a highly abusive substance, and little testing of the drug in human has been done.
Very little systematic data exist on the tolerance and dependence of GHB, but both have been
seen in human users. Quantitalive daia on the prevalence of GHB abuse is incomplete, but
various qualitetive measures indicete that & mini-epidemic of GHB abuse began in the fafe
1980s and confinues fo the presant. GHE is offen included with the group of the so-called ‘ciub
drugs’, which can be used as an intoxicant. It aiso has been used as a growth promoter and
sleep-aid agent, aiso implicated in cases of ‘date rape’, usually in combination with alcohol,
Undoubtedly the easy availability of GHB and some of its precursors has coniributed to its
popularity. With as yet unknown consequences for the scope of the public health problem,
recent changes in the control status of GHB in the US may reduce its availability. Experts on
agrug abuse need to familiarize themseives with GHB since it has a potentiality fo be a new type
of problem of drug abuse with some unique properties.

Keywords : Gamma-hydroxybutyrate, GHB, Gamma-butyrolactone, GBL, Novel neuroactive
drug, New type of drug abuse.
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Objective :

This review highlights the biochemistry, neuropharmacoiogy, and toxicology of the naturally-
occurring fatty acid derivative, gamma-hydroxybutyrate (GHB). GHB is derived from gamma-
aminobutyric acid {GABA) and is proposed {o function as an inhibitory chemical transmitter in the
central nervous system. The purposes of this review also focus on the sacial effect of this substance and
urge the public to aware of its increasing abuse poiential.

* Faculty of Liberal Arts, Thammasat University
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: Gamma-Hydroxybutyrate (GHB, 4-hydro-
'_-;(:ybutyrate, 4-hydroxybutyric acid) is a central
neuromodulator synthesized iccally from Gamma-
“aminobutyric acid(GABA) which is an sndogenous
ﬁ’bhstituent of mammaiian brains. Synthetic GHB was
“initially developed as anesthetic agents and was sold
in the US in health food store as a performance
ﬁ_ﬁ'enha"ncing additive in bodybuilding formulas. However
in"1880, the US Food and Drug administration (FDA)
:banned its distdbution due to its widespread reporis
‘,of poisoning and adverse reactions. In 2000, GHB
was placed into schedule | of the Federal Centroiled

_Substance Act.”

. Abusive use of GHB
Despite being banned by the FDA, GHB is
still widely available in the underground drug market.
lr There are analogs of GHB; Gammabutyrolactone
| {GBL) and 1,4-butanedicl which are markeied as
dietary suppiements in health food stores, spori
nutrition stofes and o the imerne? GBL is converted
into GHB in an alkaline environment such as in the
presence of sodium or potassium hydroxice and the
réaction is complete in under an hour. Additionally,
once digested these analogs of GHB are rapidly
metabolized to GHB in vivo by a rapidly acting
lactonase found in the blood and liver. 1 ,4fbutanedioi
is converted to GHB by alcchol dehydrogenase and
aifdenyde dehydrogenase. Due to the efficient
conversion of both GBL and 4,4-butanediol, -their
ioxicological profiles are essentially anatogous to that
of GHB.Y |
Factors that seem to contribute to the
addictive potential of GHB and its meLabolac

precursors incluge its pumorted aﬂaboi'c effects,

Mﬂﬁd'ﬁiﬁﬁ‘ﬁmﬂ‘ﬁﬁ?‘iﬂlim BEEEU s

433

TLF 'mm'iﬁummmm ﬂ‘f@?ﬂ'ﬂﬂﬁ@ﬁ%

its hypnotic effects and its ability to incapacitaie
victims (mosily women) for purposes of sexual
assault. GHB produces a state of relaxation and
tranquility accompanied by feelings of calmness, mild
euphoria. As the dose of these drugs is increased, a
sharp increase in adverse effects may occour.
Overdoses with these drugs can resull in tife-
threatening symptoms of CNS depression, coma,
respiratery depression, apnea, bradycardia,
hypotension, and seizures.” According to the Drug
Abuse Waming Network (CAWN), GHB emergency
department mentions have increasad from 56 in 1894
10 3,340in 2001. Since 1990, the US Drug Enforcement
Administration (DEA) has documented more than
15,600 overdoses and law enfcrcement encounters
and 72 deaths related to GHB. The FDA has released
reports and warning conveying the adverse heaith
conseguences of GHB, GBL, and 1,4-butanedict.
Ingestion of the products containing these substances
have been linked t¢ atleast 122 serious ilinesses and
three deaths.” The FDA has issued warnings for both
GBL and 1,4-butanediol, stating that the drugs

have a potential for abuse and are a public health

danger.

Situation in Thailand

In 2003, the Food and Drug Administration of
Thailand reporied death of 2 Woman and seven casaes
of serious illness resulted from drinkéng wine that
contains GBL, tetrahydrofuran (THF), and acetonitrile

(4.5}

or methyl cyanide.™™ The wine was in a lot of 144

bottles which two foreigners had been hired to maii
the botiles to &

send it."

nea US but the company was unable fo
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Bictransformation of GHE and THF

Comparing the structures of GBL with 1,
4-putanediol and THF, itwas found that each of these
compounds share the same 4-carbon backbone and
the differences between them are dus to the different
functional groups st the C-1 and C-4. Hydrolysis of
GBL opens the 5-membered ring of the 4-carbon
backbone, forming GHB. Conversicns of these
structure are as foilows: the conversion of 1,
4-butanedic! i THF can be accomplished by
dehydrolysis. THF can be converied to GBL vis
oxidation. Alternatively, oxidation and dehydrolysis
can convert 1,4-butanediol direcily to GBL. Finally,
GBL can be converted into GHB by hydrolysis with
sodium hydroxide.

The literature contains little information on the
pharmacoiogy and toxicology of THF. Bamford, et al*®
demonsirated the intravenous anesthetic activity of
THF in mice. Marcus, et af” reported THF (21 mmol/
kg i.p.)induced EEG high amplitude in rats, slowwave
activity with a latericy of 2 min, loss of right reflex,
manifested myoclonic jerks and vibrissae movemenis
to tactile stimuiation. THF-induced progression of EEG
and behavicral changes the chsaracteristic of
- generalized non-convulsive epiiepsy similar to that
preduced by 4-hydroxybutyric acid and butyrolactone.

Cartigny, et al® reported an investigation
by 1H nuciear magnetic resonance ('H NMR)
sbectroscopy of biclogical fluids in a case of intentional
poisoning THF. The presence of GHB was detected
“in serum and urine. This could indicate that GHB could
be produced from THF and 2 metabolic link between
the two compounds may exist.

Acute expaosure to high concentrations of THF

may affect the central nervous system to produce

Chula Med J

effects such as behavioral sedation and narcosis in
mammals, gastrointestinal tract like nausea, vomiting
and diarrhea and may cause respiratory depression,
coma, and death. Overdose of GHB can cause life-.
threatening effects similar to acute THF toxicity, such.
as respiratory decression, apnea, hypotension, coma
and death, Currenily there are na antidotes to treat

Pt

GHB cverdose or THF toxicity. Knowledge about the

biotransformation of THF to GHB could be useful in ;

designing pharmacological interventions.

Gamma-hydroxybutyric acid and its precursor
The sodium salt of GHB has a moiecutar
formula of ;",‘J-!Ti\ia()3 and a molecular weight of 126.08.
It is a naturally occurring derivative of the major CNS
inhibitory neurotransmitter, Gamma aminobutyric
acid (GABA). GHB appéars o have no legitimate use
as an industrial chemical. Importantly, gamma-
butyrofactone (GBL) and 1.4-butanediol, two GHE
precursor molecules, one used extensively in chemical
manufacturing. GBL is known by the chemical names
2(3H)-furanone and 1,4-butanediol has a synonym of
1. 4-tetramethylene glycol. GBL and 1.,4-butanediol
are both chemical precursorand metabaiic precursor
of GHB. ® They have been marketed as 'legal’
alternatives lo the FDA-banned GHE, GHB has
been studied outside the United States as a
potential treatment for narcolepsy, sleep apnea,
opiate withdrawal and alcohol withdrawal and
dependence.™ .~
o Additionally, apart from GBL and 1,

4-butanediol the most recent precursor o have

 appearedis tetrahydrofuran (THF)."" A recent survey

of intemet sites related to GHB indicates a potential

inthe clandestive manufacture of GHB. Currently, there
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}_‘s‘;lincreasing inquiries regarding the synthesis of 1,
4-butanediol, and THF is also mentioned."”

: THF is one of the GHB-related chemicals. ™
:T_here are many references for the synthesis of GBL

: .ffom THF by chemica! experiments.

- Endogencus GHB In the brain
GHB is a short-chain fatty acid that occurs
- naturally in the mammalian brain at a concentration of

'~ 1:4 micron ™ Gamma-aminobutyric acid (GABA) is

r“-'_ ‘betieved to be the primary precursor of GHB in
the brain. l{is synthesized by a specific pathway
that transform GABA into succinic semiaidehyde

. via GABA-transaminase activity, then succinic

semialdehyde is converied into GHB by a NADPH-

é N I;
| o
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dependent enzyme succinic semialdehyde reductase
(SSR). However, GHB can be reconverted back {o
SSA via GHB dehydrogenase and the GHB derived
SSA can be converted back to GABA. SSA can
also be metabolized by succinic semialdehvyde
dehydrogenase (§SADH) to succinic acid which then
enters the Krebs cycle (Figure 1). @

GHB has many properties that suggest
this compound might play a role in the brain as a
neurotransmitter or neurcmodulator. The presence of
GHB receptor is suggested by specific high-affinity
(*H) GHEB binding sites that occur in the brain with the
highest density found in the hippocampus allowed

by the cortex and then the thalamus.
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" Figure 1. The_biqt_éra?nsfofrhations of GHB znd its precursors®
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GHB alsc binds fo the GABA_ receptor.!™"
The relevance of this rernains unknown but it suggests
that some of the pharmacolcgical acticns of GHB are
weak but selective agonist of GABAB receptor.

GHB can be melabolized in vivo to GABA
and irans-4-hydroxycrotonic acid, which are
pharmacologically active at GABAB and GHB receptor,
respectively."” Many of the pharmacological and
clinical effects of exogenously administered GHE
are mediated via the GABAB recepior, where GHB
might act both direéﬂy as a partial agonist and
indirectly through GHB-derived GABA. GHB appears
to be a weak GABAB receptor agonist "%, with an
affinity for the G/—\BA receptor in the millimolar
range. Therefore the high concentration of
GHB in the brain that would increase following
exogenous administration could activate GABAE
receptor.

Alternativsly, GHB could activate the GABA
receptor indirectiy via its conversion to GABA." This
hypothesis could expiain that the high concentration
of GHB is required to produce GABAB recepior-
mediated effects because of high micromolar to low
millimolar concentration of GABA receptors. The
possibility of GHB-derived GABA playing a role when
the concentration of GHB is high as would be the case

in GHB abuse and toxicity."™

Pharmacokinetics of GHBE

GHR is rapidly aosorbvc, freely crosses the
blood-brain-barrier with an onset of action within 15l
rminutes according to the laboratory {esting in animals
and humans. The half-life of GHB is 22-28 minutes
after an oral dose of GHB 25 mg/kg and the free fraction

of GHB in plasma indicating a lack of significant

Chula Bed § -

plasma protein binding. Owing to the short half-life, -
there is no accumulation of GHB with repeated dosing
and GHB doses up to 100 mg/kg are no longer
detectable in the biood from 2-8 hours orin the urine ‘.‘

after 8-12 hours. In summary, it has been suggested

' that regardless of the dose given, the elimination of

GHB is rapid, even in those with compromised liver
functicn; GHB is completely eliminated within 4-6 hours
after ingestion.”

For GBL and 1.,4-_53‘utaﬁecﬂeﬁx they were
metabolized to GHB (Figure 1), and thus have similar
pharmacologic and toxic effects as GHB."*” GBL is
converted to GHB in vivo by a rapidly acting lactonase
found in blood and liver which the halflife take
approximately 1 minute in animal GBL given perorally,
iniraperitaneally or irﬁraveﬂousiy is capabie of
producing higher concentration of GHB in rat brain
and bload than an equimolar amount of GHEB
administered by the same route.®” It was noted that
GHB blood concentration fell more rapidly after GHB
than GBL administration. Roth and Giarman®
suggested that GBL was found to concentrate more
in the lean muscle than did GHB. This depot pool of
the drug appears to pe metabalized more slowly
because it is not readily accessible to enzyme
involving in its biotransformation and slowly release
back into the blood stream. This tissue, in tum, may
act as a reservair for GBL and extend its duration of
action. . _

1, 4—'Bmahéd§o§ is converted to GHB

by aicohol dehydrogenase™

, and aldehvyde
dehydrogenase via an intermediate, 4 hydroxybutanal,
Pyrazole, an inhibitor of alcohol dehydrogenass
competitively blocks the 6xidation ori-’ 1,4-butanediol

by the ratliver supematan‘t.-Ac:'mins’strat?;on in vivo of
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ryrazole to the rat prevents the appeararice of GHB,

a1,4-butanediol metabolite, in the blood.

Dose related effects

The primary dese-related effects of GHB are
_fe‘%a‘ied to CNS depression, with GHB, very small
dosage differences can cause greatly different effects.
The differerice between the dose required to produce
sleep and the dose required to preduce coma or death
_is usually less than 1 gram.
For a person weighing 140 Ibs: 2 gm usually

results in relaxation, decreased heart rate and

. - respiration and motor impairment, 2 -4 gm will

usually bring about severe infoxication, 5-68 gm usually
leads to coma, 6 gm will normally results in respiratory

arrest.
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In terms of mg/kg dose, 10 mg/kg GHB is
capable of producing amnesia and hypaotonia of the
skeletal muscles resulting from the depression of
neurons in the spinal cord. At 20-30 mg/kg, GHB
promotes a normal sequence of rapid eye movement
{REM)} and non-REM (slow-wave) sieep, which lasts
from 2-3 hours. At40-50 mg/kg intravenously or orally,
(GHB produces a state of somnolence, which appears
within 5-15 minuies. Anesthesia is associated with
the doses of 50 mg/kg, and doses that are higher
thar 50 mg/kg are associated with coma, as well as
decreased cardiac cutput, respiratory depression, and
seizures. These effects are more pronounced with the
co-ingestion of CNS depressants, particularly

@)

ethanol.™ The pharmacoiogical and clinical actions

of GHB are summarized in Table 1.

Table 1. Pharmacological and clinical actions of GHB.®*

GHB Doses

Physiological responses

Physiclogicat and {oxicological effects of single doses in rats.

5-30 mg/kg i.p.
150 mg/kg i.p.
200 - 400 mg/kg i.o.
400 - 750 mg/kg i.p.
500 - 1800 mg/kg i.p.
1700 mglkg ip.

Hyperthermia

Anxiolytic activity

Sedation, absence-like seizures
Hypothermia, loss of righting reflex, apnea
coma

Respiratory depression, LD50

Clinical and Toxicological effects of singls doses in humans

10 mg/kg p.o.
20-30 mg/kg L. (50-60) mg/kg p.o.})
80 -100 - mg/kg p.o.

Anxiolysis, amnesia, hypotonia
Unconsciousness, anesthetic adjuvant
Coma, epileptic seizures, respiratory

depression
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Toxicolegical analysis
Routine toxicological screening tests do not
detect GHB-related compounds because of efiicient
transformation of GHB’s precursors. Toxicological
analysis of GBL and 1, 4-butanediol in vivo, is
commonly targeted towards GHB. in vitro the process
of conversion of GHB to GBL has been readily used
for toxicological analyses. GBL is more amenable
to conventional methods of extraction and gas
chromatography compared with GHB, which is
considerably more polar and less volatile. GHB can
be analyzed directly using either liguid-liquid or
'solid—phase sxiraction technigues. Due o its small
size and polar moieties, the extracts tend to be
non-specific, and therefore derivatization prior 10
chromatographic angiysis is necessary.
Early gas chromatographic analyses were
developed for the measurement of endogenous GHB
in tissue. Samples were heated in the presence of
acids, converting GHB to GBL, and the £SS was
capable of measuring GHB concentration as low a3
1.45+_0.22 nmol/g (0.183 +_ 0.028 mg/L} (N = 4)
of brain tissue in the rat®™ Subsequent gas
~chromatography — mass spectrometry (GC-MS)
assays were developed specifically for measuring
GHB in ~uman plasma and urine concentration as low
as 0.2 and 0.1 mg/L, respectively. However, the
technique also required conversion of GHB to GBL®
GC-MS assays allowing direct measurement of GHB
in urine and blood with oietect'éon limits of 0.5-2 mg/L
without GBL conversion have been developed.””
A high-performance liquid chromatography
assay- zlsc has the advantage of being able to
measure both GHB and GBL.%” This may be useful

for measuring drugs in the overdose settingwhen GBL

Chula Med J;

has been ingestaed and partially metabolized to GHB,
resuiting in beoth drugs being present. Cartigny,

et at ® and Imbenotie, et a/*® have applied nuclear
magnstic resonance (NMR) spectroscopy to ide "‘v

and guantify GHRB in serum and urine directly.

GHE and dopamin o

Many experiments have firmly established
that GHB perturbs the followings: the firing rates
of dopaminergic neurons, dopamine release,
cdopamine synthesis, levels of dopamine and its
majormetabolites. However, GHB appears either to
inhibit or to stimulate dopamine functions, depending
on the following factors, i.e. GHB doses, routes of
administration, animal speciss, brain latencies,

technique of measure and type of anesthesia,®>*

EHEB and GABA neurotransmission
Systematically administered GHB at low
doses produces pharmacological responses
specifically mediated by GHB receptors and blocked
by GHB recepior antagonist. However, most of the
behavioral and biochemical responses induced by
GHB oc'tfu'.-' only when its brain level increase more
than 50 - 200 fold their endogenous valuss.
Atthese high dose GHB specific binding sites
are probably saturated, and it is likely to interacts
with other systems. At about 5-10 mg/Kg i.p., GHB
increased the spontaneocus firing rate of prefrontal
cortex neurons recordea in urethane-anesthetized rals;
on the contrary at higher doses (160 - 320) mg/kg
St deomasac the activities.”” The selective GHB
receptor antagonist NCS — 382 blocked the effects
of the low doses, but left those of high doses

unchanged,®”
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4 in vivo reporis suggest that GHB can also

: rﬁ’odu’iate GABAa response: the GABAa recepior
\a:gonists musimol exacerbated GHB ~ it induced
abserce seizures whereas the antagonist flumazenil,

. %ﬁénuated the anxiolytic effect of GHB.®® The fact
:i‘h‘at high doses of GHB miriic GABA-mediated
'_'résponses could be explained by a GHB mediated
' iéo’htroi of GAZA release, the re-transformation of GHB
iﬁ a GABA or GHB is a structural analogue of GABA

* that coutd bind to GABA receptors. ¥

- Biotransformation

"~ GHE addiction and withdrawal

| The ciinical presentation of GHB withdrawa!
' ranges from mild clinical anxlety, agitation, tremors,
and insomnia to profound disorientation, increasing
paranocia with auditory and visua! hallucination,
| tachycardia, elevated blood pressure, and extraocular
“motor impairment.*® Studies in rodents are in
concordance with the clinical data. After repeated
 treatment with GHB for 14 days, mice developed

€

tolerance to the hypoloccomotion effects of the drug.

Marteliotta, ef af ®® and Fattore, et 8.%% have

eveluated that GHB possesses rewarding properties
are achisved through conditioned place ¢f preference

and intravenous self-administration.

Clinical management of GHB intoxication

. Maragement of acute GHRE intoxication
focuses on alieviating symptoms and providing
support for airway managemeh‘z, i.e.mechanical
ventilaticn, prevention of aspiration and measures to
counter bradycardia are also commonty required. Due

10 the rapid absorption of GHB,‘g'ast'ric lavage, gastric

lavage or activated charcoal may be ineffactive. There

%‘ " g“\? ek 3
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are no widely accepted antidotes to GHB, although
physostigmine, a choline esterase inhibitor, has shown
some promise as a reversal agent. The opiate and
GABA antagonists, naloxone and flumazinil, are
ineffective. Spontaneous recovery from GHB overdose
is common, usually within a few hours.® Therapeutic
intervention with the GABAD receptor antagonist
CGP-35348 increased survival to 36.4 % in animals.
Howaver, treatment with the GHB recepntor antagonist
NCS-382 was much more effective, resulling in a
survival rate of 61.5 %.%" These data suggest that
both the GABA receptor and GHB receptor are
invaived in the pathogenesis of CNS manifestation of

GHB ingestion.

Conclusion

Gamma-hydroxybutylate and its derivatives
are new neuroactive drugs that have been used as
enesthelic agents and anabolic drugs for many years.
However, nowadays, there have been many reporis
about their morbidity, mortality due tc misuse of the
subsiances for certain purposes such as sexual
seduction or ‘date rape’, or in the night club where
they are so-called 'ciul drugs’ to enhance the mood.
Gamma-hydroxybutyrate and its derivatives are
usually consumed with alcoholwhich can lead to siight
sedation, coma and fatal respiratory depression
according to the dosage of intake. These substances
are unable to be detected by routine toxicologicai
screening due to the efficient bkotransformafion of
their precursors. Nevertheless, there are specific
investigation techniques that can be used to detect
the substances diréctly: derivatization, silylation and
then using either liguid-liquid or solid-phase extraction

techniques. Additionally, in vifro cenversion of GHB
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- © to"GBL has been used for toxicological analysis as

‘ well becatsa GBL is more amenable to conventional

methods of extraction and gas chromatography than
CGHB. -

- In the treatment of GHB intoxication, the
clinical management focuses on sympiomatic and
supportive basis because there is no specific antidote
for GHB intoxication. Cecontamination technique such
as--gasmé lavage or activated charcoal may not be

able fo help much because of its rapid absorption

-~ -property. However, spontaneous recovery from GHB

© -overdose is usually common within a few hours.

Lastly, there is increasing misuse of these

- “substances due to insufficient control of distribution
-+ and availability of neuroactive drugs. These new
' neuroactive drugs are highly potential to be one of

- the major public health and social problems uniess

o thereis encugn awarenass and proper control of them,
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1. Whatis the sign and symptom of Gamma-hydroxybutyrate (GHB) intoxication?
a. CNS depression
b, Bradycardia
c. Ssizure
d

d. Respiratory depression

@

Al of ebove are the clinical symptoms of GHB intoxication
2. What substance can be detected in the serum and urine of the Tetrahydrofuran (THF) poisoning
petient?
a. Gamma-hydroxybutyrate (GHB)
b. Gamma-butyroiactone (GBL)

c. 1.4-butanediol

n

Tetrahydrafuran (THF)
e. Ail of above can be found in the serum and urine
3. Whatis /are the direct chemical and metabolic precursor of GHB?
a. 1,4-butanediol
b. Gamma-butyrolactone {GBL)
c. 1.4-tetramethyiene glycol
d. Allofabove

e. None of above
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4. What is the primary precurser of GHB in the brain?
a. Gamma-aminobutyric acid (GABA)
b. Succinic semialdehyde
c. Trans-4-hygdroxycrotonic acid:
d. 1,4-butanedicl
e Tetrahy@rofuran {THF)
5. How to detect the GHB-related compound from biolagical specimen properly?
Routine toxicologicai screening test

-3
b. Extraction and gas chrometography

o

Liguid-liquid phase extraction techniqus

o.

Solid-phase extraction technique

e. All b and d techniques are the proper technigue
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