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Project Title: Pathophysiology of type 2 diabetic patients
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Type 2 diabetes mellitus is characterized by dual defects in insulin action and
insulin secretion. Insulin resistance is underlined and leading for a while before the
diagnosis of type 2 diabetes in high prevalence countries. Factors of insulin resistance
consists of genetic, physical inactivity and obesity. It is noteworthy that most (>80%) type 2
diabetics in western countries are overweight and the increasing prevalence of diabetes
parallels the rising prevalence of obesity (51). At beginning, pancreatic beta cell can
secrete more insulin called compensatory hyperinsulinemia and maintain normal glucose

level. When pancreatic exhausted and failure, it is the time to diagnose diabetes.

Prevalence of type 2 diabetes is around 6.9%. There are lean T2DM, obese T2DM
(3UaM registry) Pathophysiology of type 2 diabetic patients have never been investigated.
This is the first paper to study pathophysiology of lean and obese T2DM in Thai patients
with the euglycemic hyperinsulinemic clamp technique for insulin resistance and the
hyperglycemic clamp technique for insulin secretion. We conducted the 2 hour-
hyperinsulinemic euglycemic (80 mU/m2 per min) and 2 hour-hyperglycemic clamp in 9 lean
and 10 obese patients with type 2 diabetes and 4 lean and 4 obese healthy control
subjects with age and BMI matched on following week. Both lean and obese diabetes
patients had the similar degree of glycemic control (FPG 133.4 + 10.3 vs 143.6 + 11.0
mg/dl, HbA,;. 7.3 + 0.3 vs 7.9 + 0.3 mg%). During the euglycemic hyperinsulinemic clamp,
the insulin-stimulated state glucose disposal (Rd) of obese was lower than lean diabetes

(9.9 + 0.8 and 16.4 + 1.7 mg/fat free mass kg/min, p<0.001).

During the hyperglycemic clamp, the first phase insulin were blunted in both lean
and obese diabetes subjected when compared to both lean and obese healthy control
subjects. (73.6 + 15.1 vs 1104 + 25.6 vs 264.2 + 36.9 vs 632.3 + 314.6 plU/ml, p<0.05

lean vs obese).

CONCLUSIONS: The obese diabetes subjects had significantly insulin resistance while the
lean diabetes subjects had the major defect of insulin secretion. The impact would be on
the mode of treatment, drug of choice to treat for correcting the pathophysiology underlined

then and clinical guideline recommendation for treating both groups of diabetes.
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inmaiaatdangdaaiznsaalasenas (Inclusion criteria)

1, gil”ﬂwiimmmmf‘ﬁﬁ@ﬁ 2 ﬁ%’ﬂmﬁwmiﬂwmmma:aanﬁwé’amw%a%’ums
Snwdaonlungw Biguanide, alpha glucosidase inhibitor wazngasduIm
2gN9tas 2 é’fﬂmﬁﬁaumiﬁﬂmLLazLﬂuQﬁﬁqmmwuﬁaLm

2. AUINONaNawaIMIInasNIN 180 mg% Waz HbA1c #aunin 8 mg%

6 o . . .
Inwnamaan (Exclusion criteria)

1. pnilsanalaanmitaaslaunisvin cardiac catheterization %38 kIUNIIINEN
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v

@18 intervention treatment VL@TLLTi PTCA, CABG

oA A X o ] '
2. NV]&]ﬂ']SLWNTuTaGLauvLGﬁNﬂLu@U YNNI 3 1M
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3. Anfszauaiaiiu 1nndn 3 mg/dl
wala iy
W13 Electrolyte abnormalities
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1 ]
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RoNGaINIIANBIAD 32AY insulin sensitivity Wa¥ insulin secretion luﬁjﬂammv&mu
e 2 Lﬂ%ﬂuLﬁﬂuﬁugﬁﬁqmmwLL%@LLidﬁwau waedn A5TafmanssuaannUIo ey
ﬂ"wwmﬁL@]as’ﬁvlﬁa'mmiﬁﬂmLLa:ﬁ’lmm@h ek one-way analysis of variance lu 3 mﬂ;&l‘ﬁt

frualAseay insulin sensitivity Wag insulin secretion lugﬁﬁqmmwuﬁumﬁwau
WINNL 1.0 MNNNIANBIES § WU 61 standard deviation Pa9MIANEIT 3 AN
25% uaziRanlddinnuuandiiagnelnudan (alpha) = 0.01 L DILNAIANILANANT
waniita 99% ndAadsfes 1 iviniu 1.0 Mmj&lQﬁﬁqmmwuﬁmsaﬁwam WinAy 0.75 1w
ﬂf,jwjﬁﬁqmmwuﬁumﬁﬁm LazLinny 0.5 lugﬂ'smmmmﬁﬁ@ﬁ 2 ﬁ‘hmumjwﬁ’;amo
Tuusaznguazivini 11

(ﬁﬁu’JmI(ﬂU NQuery Advisor, Statistical Solutions, Inc. Boston, MA).
3.3 35BNy
Screening tests U3rnaualy MITAUTNG WazaTTIMelasazdsa MIATIINNI
wasufiamsidasen laun 12-lead resting EKG, CBC, FBS, Cr, LFT, HbA1c, lipid profile, OGTT
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1. ﬁ'uﬁl 1 M Iaray 2 h-75 grams Oral glucose tolerance test \NULRBE
fro89INedInTI plasma glucose, insulin, C-peptide Waz FFA level A8 -5 waz 0 W
Twauiinana 75 nu Twih 300 8 anelu 5 wi uwazgaliaaiiy 10 7 30, 60, 90, uA
120 Wifinasnsaniinaa 75 N3y 1ias9a379 plasma insulin, FFA concentrations

2. TN 2 ¥nmInaaey Hyperglycemic clamp LiNaiannasangananaudan
Ieazidaanisnasauash

AUdan o A1 5 Waz 0 w7 9 nuuia glucose LRalfiuAN plasma glucose
annn3inanaiaua1ws 125 mg/dl lasduimkangas 0.3g/kg bolus of D50 fitnen 0 wifl
LAZAITZA plasma glucose it 13dumMIUSuSaTmsls 20% glucose Liluszez 1w 120
ety luszmﬁaf: Inviaszay plasma glucose concentration )N 5 mm@ﬂm%ad Beckman
glucose analyser T191dt9 galiaaiiu 10 &% vn 2 wifilugae 10 wifiwin uazyn 3 Wil
luts 20 wifidald waz yn 5 wifilugas 90 mﬁq@ﬁ'}mﬁamm’m plasma insulin, C-

peptide L8z FFA concentrations
nmafuiaseianiuuaziuganmasay 1Wada urinary glucose loss

3. ﬁ'wﬁl 3 inmInasay Euglycemic hyperinsulinemic clamp L‘ﬁiaﬁ'@ Insulin

sensitivity J5188zI80aAMINAROUNI

16 catheter lwduidaauasnaadatninile uazeda Iuﬂaaaﬂaumam%ﬂuﬂaww 55
DIFLTALTOR (hot box) ialfidudanuenodinasld arterialized blood iaas7a plasma
glucose mmmaa Beckman glucose analyser SANEHEN mmﬁmmgm WLLREA 1380 -5
LAz 0 Wil Laznn 5 Wi aaeaLaN 120 wififivmInasay

ntiuld catheter Twdndoauasnansuassdny ielw 20% glucose AL
120 W Lﬁamuqmzﬁu plasma glucose 1IAvinuszYinaanana1mns ~ 5.0 mmol/

faan 0wt 3ulW insulin 2835 prime-continuous infusion 8A31A7 TaBRIWIDA
31N 80 mU-min m” body surface area LJ#t281 120 min foLA%ad infusion pump

aaLaaLiy 10 4% 7 -5, 0 Wi waznn 15 wNiaaaalIa 120 wfifivhmInagey

WNBFINTID plasma insulin, FFA concentrations
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mufuuTedeyatugugihe ldun ang e inein daugs usznaifaadld
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INMIANBINFINTINALITLANIZA I

Plasma glucose concentration 1ag3% glucose oxidase @281A389 Beckman Glucose

Analyzer Il (Fullerton, CA). Plasma insulin concentration 100875 solid-phase 125I-RIA



(Coat-A-Count, Diagnostic, Los Angeles, CA). Plasma C-peptide 10687T specific RIA (C-

peptide 125IRIA Kit, Incstar, Stillwater, MN). Plasma FFA concentration 102835

enzymatic colorimetric method (WAKO NEFA, Richmondk, VA).
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Pathophysiology of type 2 diabetic patients

F9IF1INAIAINLANUN: Diabetes care @ impact factor 5.404
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The euglycemic and hyperglycemic clamp to study insulin sensitivity and

secretion in lean and obese Thai type 2 diabetic patients

American Diabetes Association and European study group of Diabetes consensus
on Algorithm for the metabolic management of type 2 diabetes published on Diabetes Care
2006 (1). When type 2 diabetes patients diagnosed, they were suggested to start treatment
with life style intervention and metformin. This postulated based on the majority of type 2
diabetics in western countries are overweight and the increasing prevalence of diabetes
parallels the rising prevalence of obesity (2), leading to the term of diabesity. While the
developing countries such as China (3), India (4) and Thailand (5), half of type 2 diabetics
were lean, not obese, called lean type 2 diabetes. The pathophysiology might be different
between lean and obese type 2 diabetes. The impact would be on the mode of treatment,

drug of choice to treat for correcting the pathophysiology underlined then.

Type 2 diabetes mellitus is characterized by dual defects in insulin action and
insulin secretion (6). Insulin resistance is underlined and leading for a while before the
diagnosis of type 2 diabetes in most of high prevalence countries. Factors of insulin
resistance consists of genetic, physical inactivity and obesity. At beginning, pancreatic beta
cell can secrete more and more insulin called compensatory hyperinsulinemia and maintain
normal glucose level. When pancreatic exhausted and failure, it is the time to diagnose
diabetes. However there are substantial differences in the metabolic characteristics of lean
and obese type 2 diabetes leading to alter clinical guideline or recommendation in treating

type 2 diabetes.

In Thailand (5), prevalence of type 2 diabetes is around 6.9%. There are 50%
obese type 2 diabetic patients. Pathophysiology of Thai type 2 diabetic patients have never
been investigated. We are unaware of any studies in which insulin secretion and in vivo
insulin action have actually been compared in lean and obese type 2 diabetes.

This is the first paper to study pathogenesis of lean and obese type 2 diabetic in Thai
patients with the euglycemic hyperinsulinemic clamp technique and hyperglycemic clamp

technique. The present investigation was conducted to supply this information.

Research design and methods
Subjects Studies were conducted in 9 lean and 10 obese patients with type 2
diabetes and 4 lean and 4 obese healthy control subjects. For diabetes patients, eleven

subjects had been taking a stable dose of monotherapy drug for at least 6 months before
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study, and nine subjects were treated with diet alone. Patients who had received insulin,
thiazolidinedione within the previous 12 months were excluded. All medications were
discontinued at least 2 weeks before the patients were studied. Entry criteria included: age,
stable body weight for at least 3 months before study and fasting plasma glucose (FPG)
7.0-14.5 mmol/l. Healthy control subjects were age-matched, BMI-matched to diabetes
subjects. Healthy control subjects were excluded if they had family history of diabetes, were
taking medication that disturbed glucose metabolism, or had abnormal glucose tolerance
test based on American Diabetes Association 2004 criteria (7). Patients with type 2
diabetes were recruited from our Diabetes Centre. Patients were excluded if they had
evidence of complications from their diabetes or significant underlying diseases other than
hypertension and dyslipidemia. All patients were in good general health, without evidence
of cardiac, hepatic, renal or other chronic diseases as determined by history, physical
examination, screening blood tests and urinalysis. No subjects participated in any heavy
exercise, and no subjects were taking any medications known to affect glucose metabolism.
In the lean diabetes, the duration of diabetes was 3.9 + 0.9 years (range 6 months to 8
years) and HbA;c was 7.4 + 0.4 %. In the obese diabetes, the duration of diabetes was 2.1
+ 0.5 years (range 4 months to 4 years) and HbA,c was 7.9 + 0.3 %. This study was
approved by the ethic committee of Bangkok Metropolitan Administration medical college
and Vajira hospital. All participants gave signed voluntary written informed consent before

participation.

Study design Each subject underwent a hyperglycemic glucose clamp and an
euglycemic hyperinsulinemic clamp (8). All consumed a weight-maintaining diet with 50% of
total energy from carbohydrate, 30% from fat and 20% from protein. Both studies were
started at 9:00 A.M. following a 12-h overnight fast. Each test was separated by at least 1

week and complete no later than 4 week apart.

Hyperglycemic clamp. Insulin secretion was assessed with a hyperglycemic clamp,
as previously described. Briefly, after collection of baseline samples, plasma glucose was
acutely raised and maintained (+5%) by 125 mg/dl above baseline for 120 min by periodic
adjustment of a 20% dextrose infusion based on the negative feedback principle. Because
the plasma glucose concentration is held constant, the glucose infusion rate is an index of
glucose metabolism. Under these conditions of constant hyperglycemia, the plasma insulin
response is biphasic with an early burst of insulin release during the first 6 min followed by
a gradually progressive increase in plasma insulin concentration. Plasma samples were

obtained every 2 min from 0 to 10 min (first phase insulin secretion) and every 5 min from
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10 to 120 min (second phase insulin secretion). Subjects voided immediately before and at
the end of the study for measurement of urinary glucose loss. The coefficient of variation

(CV) of plasma glucose did not exceed 5% in any test.

Euglycemic hyperinsulinemic clamp. Insulin sensitivity was assessed with a 2-h
euglycemic hyperinsulinemic (80 mU.m_z.min_1) clamp, as previously described. At 9:00
A.M., a catheter was placed retrogradely into a vein on the dorsum of the hand, which was
then placed in a heated box (6000). The second catheter was inserted into an antecubital
vein on contralateral arm vein for a 20% dextrose infusion. Baseline arterialized venous
blood samples for determination of plasma glucose, insulin and c-peptide concentration
were drawn at -10, -5 and 0 min. At time zero, a prime-continuous infusion of human
regular insulin (Humulin R: Eli Lilly, Indianapolis, IN USA) was started at a rate of 80
mU.m_Z.min_1and continued for 120 min. After the start of insulin, no glucose was infused
until the plasma glucose concentration declined to 5.55 mmol/l, at which level it was
maintained. During the insulin clamp, arterialized blood samples were collected every 5 min
for plasma glucose determination and a 20% glucose infusion was adjusted, based upon
the negative feedback principle, to maintain plasma glucose at approximatedly 5.55 mmol/l,
which was reached within 60 minutes of the start of the insulin infusion in each subject.
Under these steady-state conditions of euglycemia, the glucose infusion rate equals
glucose uptake by all the tissues in the body and is therefore a measure of tissue
sensitivity to exogenous insulin, called M-value. Blood sample for determination of plasma
insulin were collected every 10 min of the last 30 minutes of the study. An insulin sensitivity
index (M/l) was obtained by dividing the M-value (mg glucose taken up.kg fat free mass
1.min'1) by the steady-state insulin value during the last 30 minutes of the clamp. Patients

were fed at the conclusion of the study.

Waist circumference were measured in each subjects. Bioelectric impedance was
measured using a machine from body composition (9). Lean body mass and percent body
fat were calculated from impedance measurements as previously described. All values were

corrected for lean body mass using the bioelectric impedance data.

Analytical determinations Plasma glucose was measured by the glucose oxidase
method (Analox, London, U.K.). Plasma insulin and c-peptide levels were analyzed using
the chemiluminescent enzyme immunoassay technique (Immulite 2000; Diagnostic Products

Corporation, Los Angeles, CA, USA).
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Calculations. During the hyperglycemic study, basal and steady-state (80-120 min)
plasma glucose, insulin and C-peptide represent the mean of values drawn at 10-min intervals.
The steady-state glucose infusion rate (hyper-M) during the hyperglycemic clamp represents

the mean glucose infusion rate from 80 to 120 min, corrected for urinary glucose losses.

During the euglycemic hyperinsulinemic clamp study, basal and steady-state (80-
120 min) plasma glucose and insulin represent the mean of values drawn at 10-min
intervals. The steady-state glucose infusion rate (Eu-M value) during the euglycemic clamp
represents the mean glucose infusion rate from 80 to 120 min, corrected for urinary glucose
losses. The insulin sensitivity index (ISI) was derived from the euglycemic clamp data as
previously described (10). Eu-M value was refered to the rate of total-body glucose

disposal (Rd) implied to peripheral glucose uptake.

All results are presented as mean + SEM. Differences between groups were
compared using Student’s t test for unpaired samples and repeated measures analysis of

variance (ANOVA), as appropriate. P < 0.05 was considered significant in all analyses.

Results

The clinical data of the four groups were presented in Table 1. All subjects were
age-sex matched. Obese subjects had a higher body mass index and waist circumference
than lean subjects. The diabetic and non-diabetic obese groups had similar moderate
degree of obesity. Both lean and obese diabetes patients had the similar degree of
glycemic control (FPG 7.4 + 0.6 vs 8.0 + 0.6 mmol/l, HbA;. 7.3 + 0.3 vs 7.9 + 0.3 mg%)
and duration of diabetes (46 + 9 vs 43 + 7 months). The lean diabetes patients had better
lipid profile than obese diabetes patients, less triglyceride (2.85 + 0.30 vs 4.60 + 0.65
mmol/l, p<0.05), more HDL level (1.21 £ 0.07 vs 0.93 + 0.05 mmol/l, p<0.05).

During the 2-hour, 80 mU.m'z.min-1 euglycemic hyperinsulinemic clamp, the insulin
levels during the clamp were in the same level, not different between all groups. The Eu-M
value of obese diabetes was lower than lean diabetes (8.7 + 1.3 and 16.5 + 1.6 mg.fat free
mass kg .min", p<0.001) and obese control (8.7 + 1.3 vs 15.9 + 4.0 mg.fat free mass
kg'.min", p<0.05). The M-value were not statistically significant different in lean diabetes,
both lean and obese healthy control (16.5 + 1.6, 24.1 + 4.3, 15.9 + 4.0 mg.fat free mass
kg_1.min_1). When considered as insulin sensitivity index (M/l), the obese diabetes had

decreased insulin sensitivity index.
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Table 1: baseline clinical and metabolic characteristics

Lean control

Obese control

Lean diabetes

Obese diabetes

(n=4) (n=4) (n=9) (n=10)
Gender (M/F) 2/2 2/2 2/7 4/6
Age (years) 475 + 6.2 447 + 4.9 474 + 3.7 48.1 +2.6
Duration of DM (month) 46 + 9 43 +7
BMI (kg/m2) 204 + 0.6 33.7+26 21.8+ 0.7 33.0+29
WC (cm) 74.0 + 4.0 96.7+57 |[77.0+31+% 98.0 + 3.4
FPG (mmol/l) 54+05 56+0.2 74 +0.6 8.0+0.6
HbA1c (mg%) 6.3 + 0.07 6.2 + 0.07 73+0.3 79+0.3
Creatinine (umol/l) 911 +44 88.4 +17.7 79.6 £ 5.3 911 +9.7
Cholesterol (mmol/l) 550+ 0.36 | 5.02+0.68 | 5.24 +£0.40 525 +0.27
Triglyceride (mmol/l) 220+0.25 | 245+0.35 [2.85+030%| 4.60+0.65
HDL (mmol/l) 1.68+0.21 | 0.98+0.09 [1.21+£0.07%| 0.93+0.05
Fat free mass 42123 499+ 5.8 40.1 + 3.1 455 +24

* p<0.05 control vs diabetes subjectes, T p<0.01 lean vs obese diabetes, 1 p<0.05 lean vs

obese diabetes

Table 2: Euglycemic hyperinsulinemic clamp data

Lean control

Obese control

Lean diabetes

Obese diabetes

(n=4) (n=4) (n=9) (n=10)
Insulin level (pmol/l) 901 + 107 936 + 95 830 + 95 743 + 49
Eu — M value 19.0 + 41 9.2 +22" 15+11+% 53+0.5
(mg/kg/min)
Eu — M value 241+43 159+40* | 165+16 1 8.7+13
(mg.kgFFM-1.min-1)
ISI (M/1*100) 17.8 +5.2 11.1+3.2 15.0 + 1.7 8.1+0.7

Mean + SEM. M = rate of glucose infusion. M/l = M value divided by the insulin value

during clamp

* p<0.05 control vs diabetes subjectes, T p<0.05 lean vs obese diabetes, 1 p<0.01 lean vs

obese diabetes
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Obese control and diabetes had pronounced hyperinsulinemia with higher level of
fasting c-peptide than lean control and diabetes (0.66 + 0.20 vs 0.47 + 0.14 vs 0.27 + 0.04
vs 0.13 + 0.03 pmol/l, p<0.05 lean control and lean diabetes), without significant different
on fasting insulin. During the hyperglycemic clamp, we obtained the first and second phase
insulin and c-peptide secretory response data was shown in Figure 1 and 2. Both phases of
insulin and c-peptide were significantly decreased in lean diabetes and significantly
increased in obese control subjects. In obese diabetes the first phase response was
significantly decreased but the second phase response was somewhat enhanced. Fasting

c-peptide had better correlation with first and second phase insulin secretion.
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Table 3: hyperglycemic clamp data

Lean control | Obese control | Lean diabetes |Obese diabetes
(n=4) (n=4) (n=9) (n=10)

FPI (pmoll/l) 21.2+6.0 521 +27.0 294 +54 478 + 8.4
Fasting c-peptide 0.27 + 0.04* 0.66+0.20 | 0.13+£0.031 | 047 +0.14
(nmol/l)
First phase insulin 1585.2 + 3793.8 + 441.6 + 90.6 | 662.4 + 153.6
(pmoll/l) 221.4% 1887.6*
Second phase insulin 2762.7 + 7478.7 + 1321.6 + 2090.1 +
(pmol/l) 440.3* 3826* 272.8 478.0

Mean + SEM. M = rate of glucose infusion. M/l = M value divided by the insulin value
during clamp
* p<0.05 control vs diabetes subjectes, T p<0.05 lean vs obese diabetes, T p<0.01 control

vs diabetes

Discussion

In this study we investigated insulin action with standard techniques, euglycemic
clamp for insulin sensitivity and hyperglycemic clamp for insulin secretion. The results have
shown the evidentially major defect of insulin resistance in obese diabetes, while the insulin
secretion were the primarily defect in lean diabetes. This finding confirmed Arner P and et
al found in non-obese diabetic elderly male subjects where peripheral insulin action is
normal and the insulin secretory defect is the major cause of disease (11). Lean diabetes
had almost the same insulin sensitivity when compared to lean and obese age and sex
matched healthy control during the euglycemic clamp study, imply to there was no evidence
of peripheral insulin resistance in lean diabetes. Our data concerning insulin resistance in
lean diabetes subjects were differ from the previous study from USA., showing significant
peripheral insulin resistance in nonobese and moderately obese with non-insulin-dependent
diabetes mellitus (12). Waingot A and et al. have found both insulin resistance and
decreased insulin response to glucose in lean type 2 diabetics with intravenous

administration of glucose study (13).

While previous study from eastern countries, Korean lean elderly diabetes women
were studied with oral glucose tolerance test for insulin secretion and sensitivity compared

to normal glucose tolerant subjects (4). Lean elderly diabetes women have impaired oral
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glucose-induced insulin secretion but have relatively preserved insulin sensitivity with the
homeostasis model assessment of insulin resistance (HOMA-IR). Insulin resistance is not
necessarily and essential component of Korean elderly lean diabetic women.

The obese diabetes had decreased the eu-M value and insulin sensitivity index imply to
insulin resistance was the major defect of disease. These data are in consistent with

numerous previous investigations (14, 15, 16, 17, 18).

As expected the obese control subjects with normal glucose tolerance had
peripheral insulin resistance in combination with a compensatory hyperinsulinemia with high
level of fasting c-peptide and first and second phase insulin secretion to keep euglycemic

state (19, 20, 21, 22, 23, 24, 25).

This may have impact on National clinical guideline or recommendation in diabetic
treatment especially, in lean type 2 diabetes patients who had primary defect on insulin
secretion. Insulin secretagogues are the main treatment for the lean diabetes. While insulin
sensitizer are the major treatment for the obese diabetes patients. Bring to the notice that
the state of the art to treat diabetes patients in lean and obese characteristic should be the
first consider and use with the proper treatment for correct the primary pathophysiology in

Thai type 2 diabetic patients.
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nalaslulfuinfign 70-80%)  neldzauBugaunai uaastinsiaanalvesisad
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AdadA

‘hamﬂslummauauawiaﬁwgau Tunsdindanulivasaassrinislunisaneuanaide
DUTAUANNS L’%Uﬂdwﬁmazaa@iaﬁuﬁgﬁu %%ai‘@ﬂ'%mmﬁwgﬁuﬁ%é‘aaaﬂmmﬂléfama:
v (& a ' , , { -

ianalwideangeluludiunmasi (hyperglycemic clamp technique) tWa@mMInaIBugan

INAUBAY

euglycemic insulin clamp technique \J#3311379 insulin sensitivity 183 1LIu3D
;s' L™ ,:{' = [ d' o [ 1 =1 1 A I
nasuigaludagdu esnndmiaruquiadenddglusznininmdnm nanda 1l
nmInuguIzauBugiuliasniieianiineuauaszasiimaodedugiuluszauaci laglw
wauhaaluiianagluszaun camp fa %9 NszduinanavmzananT (fasting plasma
v Y . A v A a v ] v s
glucose) Ba4KiTIINNIANW (subject) TeszavBuTAnaaInanguliayled 3 szaufe
. . 2
1. physiologic level 20-40 mu/m
. 2
2. pharmacologic level 80-160 mu/m

3. suprapharmacologic level 320 mu/m2

fipazdoanmsnasaudsit

16 catheter Twdwionuasmasiiotranits uazneda 1uﬂ§ia\1mugwqmwgﬁmﬁﬁ
55°c (hot box) LﬁalﬁLﬁuLﬁa@mmﬂﬁ’JLmﬂﬁ arterialized blood Lﬁlam’m plasma glucose
#1810389 Beckman glucose analyser T194@g1 @INATUINTZIN LAULREA Db 1381 -5 WAz 0
Wl ULaznn 5 WA ARaANAT 120 wfifivmInageu

mntiuld catheter Twdndoauasnansuassdny ielw 20% glucose AL
120 w1 Lﬁ'amuqmzﬁu plasma glucose 13AvinAuszausihanananamns ~ 5.0 mmoll

a1 0 wift 50l insulin §283% prime-continuous infusion 8aT1A97 aBEIwIL
31N 80 mU-min m” body surface area LJ#t281 120 min fBLA3ad infusion pump

QaLfaaLY 8 T i 5, 0 wfl uaznn 15 wfilugag 90 wifiusn wazyn 10 w1l
luz29 30 mﬁq@ﬁ’m logInTIa plasma insulin, C-peptide W8z FFA concentrations LLas

& = A A A o o o v A
ﬂ@Laa@LﬂU 1 o qqﬂ 5 PN LWNAIALRZINTWITLAU g|UCOS€ 1%@\17]

. | = Aa o g’ A v A
Hyperglycemic clamp \Jun1sdnmndniaiuquizauihanaluiealiam lag
miganglasimaduiaad suwimdTanawihmanlife 0.4 mgkg uazvinisaiugu
sauthamalwdealdasnuinnitdszauianalufiensmizana1mns 125 un/ea. in1iga
A A ' A A o o < a a A
\Raann 2-3 wiAlugag 30 wiflusn ietanninausuaszasaudanlunsnasdugiv slu
audn@aziin1anaaiu 2 peaks Aa first phase Uaz second phase Tusmegiloiuiniuaz

a . a a o &
d blunt of first phase 43188LBYUANIINARDLAI

WAULROA T 1281 -5 WAz 0 W 9Ntwia glucose LWNaLANeN plasma  glucose
VINNIMWIANANAUAINRT 125 mg/dl I@ﬂﬁﬁmmﬁnﬂgm 0.3g/kg bolus of D50 fit3a1 0

WaZR9326U plasma glucose A Lia8n3USEa5IN51R 20% glucose 1wz Wwan 120
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2

W luseninedl insiaszau plasma glucose concentration lagLaTad Beckman glucose
analyser T41du9 Qalfaaiiu 9 3 yn 2 wiAilugae 10 wifiuan uaznn 3 wfluzag 20
wifitaly wazyn 15 wifilugie 60 wfl waz nn 10 wifiluge 30 wifigarieNeadInga
plasma glucose, plasma insulin, C-peptide L8z FFA concentrations lasluga9 90 w1

o A = AA A A A A = A o [ ) 9
gavhugaiiaaiiu 1 33 yn 5 wifl (MlddnsgaRaaiiv) iNaiauazinmIzay glucose 14

=)
9N
nmanuiasneienwFunasiuganisnasay 1iada urinary glucose loss

amIala Sonin M value, glucose disposal rate, glucose metabolic rate Inveaidu
& 1 1 g’ a dw YV & g/ a A I3 é I a

mg/kg Tidanssinnind analsidusininlassin wiatdu lean body mass Faduaa

gasnsutitalunsldinaainansszauiinanaluiion lian

6
ailnsnk
1. 1@389 Beckman glucose analyzer
2. NABIAILANGMANINAINT 55°c (hot box)
& o & ' =2 Y g A
3. qﬂﬂimuaz’sa@;mdmmwﬂﬂﬂiﬁm:m’]dmiﬂﬂm laun snosiinge (IV set),
intravenous catheter, extension tube, 3 ways, syringe 3-5-10 cc, syringe insulin
20%Dextrose

4
5. Humulin R
6. 0.9% NaCl 100 waz 500 cc
7

infusion pump

AWADWAITANBN

1. @3adla13ansdne
;jL*’iTﬁ'qum‘sﬁﬂmms%’uﬂszmummsﬂﬂaﬁ%amﬁ'asmfiasl 3 Twnawldn
¥msfnen wasdifanssuindluiingsesnsi aaTnaniassnseanmasnuasnanen A

mm‘*?'iﬁ]:ﬁwa@iamwvhsiaawgau @un steroid, beta blocker, diuretic, LLa:msﬁqmmw

M ludunsed
2. AnNBWNITAENB
;jl:ﬁ”ﬂs'uumiﬁﬂmﬁaawmmmmzﬁﬁaaha‘ifaal 12 TAlN9IRawiNMANEN LiNaaaNS
JUNIUINNBIAIT
Y o o =
3. W IWINNISANE
;jl,ﬁﬂ‘humiﬁnmmiﬁizﬁuﬁﬁmalmﬁa@‘ﬁauniw 200 NN./AR. LWARANITIUNI

mmzé’uﬁflmaﬁga 51'5'1Lﬂua:ﬁaaﬁﬂm‘sﬁﬂmmsﬁ']QL"iT'ri'anmiﬁﬂmuauI‘sawmmmﬁa

A % :’ A (% 6
a@mamuqmz@ummalma AL laaNNL st
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ADAITILII
0 =4 1 v Qs g/ =} ol 1 & Qs
Tuszrinamsanu hiasldseautinaaluiandinin 60 ¥n./as. INTIzazllunIzau
4 A A o a o \ A A o ¢ A o
mma‘lmaa@m@nLLazumsmz@;uaaﬂuﬂmwmmwmwmmummahma@ Teun
. A 1 ¥ o v a . . . ' Q %
cortisol, glucagons Fazaslunnanitazyinliiie insulin resistance waziinadansiaszay
insulin sensitivity NAa9N1392ANEN b6t
U o (>
2a3nNa
1. 14§l steady state NUYIA39 LWTITATABLEUBIVEISINY lastanizaenIdsnnanuita
A 1 [~ Q QE‘ =Y ) Qg a ) 1
maﬁaauﬂua’;mzlumsaaﬂqmmaaauqau 70-80% Iuﬂﬁaaﬂqmmaoawgau NI
insulin signaling pathway aﬂ%naﬂumim:ﬁmhu TanszuaumIietaianywion
LN 11
g aa A =< A A A o & & A v € v o
2. Lﬂmwuﬂumsﬂﬂmmwvlmaauﬁgau‘n‘l‘*ﬁmummu Wuwis lawn WA {70
NIANEN ;&“ﬁazmuquLﬂ%aﬁmzﬁummahlﬁa@ WHIUNA NINNADENINAY 2-3 A bT
d o o q o . , . . v o
nmuazm%aaﬁaqﬂmtﬁ FaaalAidu special dynamic endocrine function test 16 uaes

Tigimslglunrdfjuanaly dndwdoedtldlunmsfineisumiing

1y [ -
guam{l'ﬁmmmm Analox GM9

BANNITIATIEA

anviadinmeandiungnldlulul jAtorsenissszanonglasludiadneniuy
Lauvlénﬁngiﬂaaaﬂ%mmﬁmﬂumsﬂszﬂaungiﬂﬁﬂ wada wazlalasiauiasaantaa
Al Azen

Glucose oxidase(GOD)
Glucose + O, > Gluconic acid + H,0,

lagysunmvasaandanils i lud fAsedanusunuslasassnuySumanududus e

F1INEA mgim‘luéf’m&h&

WANNI3¥1191WUBILAT DI Analox GMI

1A%89 Analox GM 9 1{lwe3pinTadtasesiinaansaludasiiainaand ld(Portable
glucose analyzer) 32UUNIIH9IM2894038 9L WMULNITATIINILINIZUEVITNTAZANY
(Conductivity) ﬁ“f?’s electrode lTinafia Enzymatic oxygen rate FIFNMTTIA U 8035 UNNT
§1uHA 20 Swifidadiagng Danwamensnauie Watesasnwiouldom g}@éf’aaﬂ’mwmam
anm 10lulasans saetlulasfia positive displacement pipette laaslwiaias 1A3092211197%
#8321 sensor f1138n37 Clark- type amperometric oxygen electrode Tufindidwleaun
uwnunszensdalud@niely 20 Jufl wIasmwninldaunInlisia RS 232 port Lot uiindw
S asnanRIaaiAle LaSas Analox GM 9 'mmm@m%i’mzé’ungiﬂa"lm”luﬁaaﬂwaﬁlL‘ﬂmﬁa@
59 (Whole blood), #3% uazWangan wenanigamansaasaialuiasazldals
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miﬁwmmlaaLﬂ‘%aomé’ﬂmimmuﬁaﬂ Microprocessor lan1inatluniuga YES/NO
U%%ﬁﬁﬂ@]%dﬁ]zﬂi’lﬂgLwhbﬁ’lig(;ﬂﬁ’l,ﬁu é’agﬂ‘ﬁ' 3 szuumIviudIsznauaiy thermostat
block(16) fidalTaufiy reaction chamber W38 cuvette (I8 under cuvette cap 14) Oxygen
electrode (15) agjeNwB1L U84 block %ﬂgnﬁuﬁw bayonet union Waz@ LR UNTUR IR
Electronic circuitry plug(1) luzad cuvette ﬁ’lud’m}zgﬂﬂﬂﬁw removable cuvette cap(14) %dﬁ
e Hold Actuator(12) @iaat neluil magnetic stirrer 757 Wnsudetuasiinainadnes
muqumsmuagjﬁwﬂﬁmaa block Aeld block 3¢i glass coid (2 uaz 3) Lﬁ'aﬂaﬂﬂ%'uam;a
maamia:mﬂﬁ'ummﬂlﬁagﬁqmﬂgﬁmaam’%aﬂummzﬁﬁmuﬁau‘ﬁ'ﬁ]zl:ﬁwg% cuvette  UAUIH
wanaan(LEulsy) Jasiuanuidorefionaie uiu block @NuANW pump(6) FTUVBIME?
sanaunue WiaslUss cuvette Tagrnm valve(5) Pump(7) Usznaudiy snpssvadinan 3 88
#4183 cuvette lasnanamainaanauinay ﬂwumﬁﬁlmm(S) wazTus AU
e (waste, 11) Qﬂﬁlmnagmwmmmmiaa mgﬂm

1. POVVER INDICATOR 2. L.C. DISPLAY YES' KEY 4. MO AND STEP KEY

{ 7
g ! ‘ GM9
| ] (yes| | no |
5. TEST POINT
!
=i v
sUN 3 uwamihiamuau
1. ELECTRODE CONMECTOR PLUG 3.COIL OUTLET 5. LEVELIEMPTY CHANGEOVER VALVE
16 THERMOSTATTED BLOCK 4. FILL PORT &, LEVELIEMPTY PUMP 7.TRIPLEPUMP (AIR ENTRAIN, DETRAIN
AND GENT ENTRAIN)
2. COIL INLET /_
15 ELECTRQDE BATDNI:'T ) o O
14.CUVETTE CAP /// @ @
¥
z !f ' X
13. SAMPLE ENTRY 11.WASTE RESERVOIR 9. REAGENT RESERVOIR CAP 8 REAGENT RESERVOIR
BLOCK COVER (OUTLINE) 12 INJECTION ACTUATOR 10.WWASTE RESERVOIR CAP

Eﬂﬁ 4 Thermostatted reaction system, pumps and reservoirs
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NNIYIN9UBS Fluid system é’ogﬂﬁ' 5 Sudulag m{wmmﬂmﬁuzmiqgni’umu
reagent pump inlet(11) ez outlet(10) 143 air-entrain junction(7) mmﬂgn‘ﬂ'umu inlet(12)
waz outlet(13) U3 junction(17) Fedardearusinen mlnavasinen avmeaunsdininwly
§/3 thermostat coil entry(2) LilorWA" coil mmngﬂﬁﬂ"ﬁﬁ junction(3) Uaaglrinen
wintuswad LSS cuvette g il port (4) junction(3) WA RIUFIAI ﬁ%mm:gnmuqu
28n98UseinTnnlae thermostatted system USanasvadvadnad ﬁ]zgﬂdamulﬁmﬂﬂiw
BRUGH mnﬁ?ngﬂﬁﬁ@mmﬁuma level port(21) VL‘]J;;? level/lempty pump inlet(6) Was
Outlet (5) uiilaasg waste mmmmzﬁwmﬁgﬂﬁ'ﬂvﬁgﬂaaﬂﬁuﬁ junction(3) W14 detrained
pump inlet(9) Wag outlet(8) Lﬁamug’mwmmﬁﬁmﬂm outlet(16) NMuwadIlJATuIdGAu
Tdw¥an g Aumsvinausas pump Madszanm 8 3w wazTUtNgN8aNaNN cuvette W%
113 Port(20) gj empty pump(6) LLas outlet(5) 118y waste LLaizLﬁla empty pump “ge triple
pump S changeover valve L'%NLﬁﬂlﬁﬁﬂmlﬁﬂg}s:uu‘é‘ﬂﬂ% NMIVNIUVAS  triple
pump 151381 16 3uH ns¥inauaad level pump 1381 21310

3.AIR DETRAIN |, LEVEUEMPTY CHANGEOVER VALVE
4.FILL PORT \ S.LEVEL/EMPTY OUTLET 6 LEVEL/EMPTY INLET T.AIRENTRAIN  8.AIR DETRAIN OUTLET
3 /
\ |
\‘_ \_ 5 L i
o v, s s gt i e ol N !” J’../
\I . - —
L COIL ENTRY .__ 7 9.AIR DETRAIN INLET
- !
\ Yv
TT 1 A
A /\f 10, REAGENT OUTLET
-]
s ¥ ' i
21 EMPTY PORT (LOWER) —
v O 1 e o
I <
| 1. REAGENT INLET
20LEVEL PORT (UPPER) = \ \
\lmmm
2 i o~
19.WASTE RESERVOIR 1B.WASTE VENT, 15. REAGENT QUTLET 13 AIR OUTLET
|7.WASTE INLET 16, AIR DETRAIN INLET 14 REAGENT RESERVOIR

311 5 Fluid system

N3N T1UVD9 PO2 electrode

PO2 electrode LJuwita combined platinum and silver polarographic electrode l

1 v v

o A . . [ (g
WaNUAIUNABAUNITIUITY phosphate buffer LLae potassium chloride ey wazmuuan

o

v v tﬂl

wuee N suiiu polypropylene w1 20 luatan Hanwmemivhaude \ilanszus 630
mV #{1ug platinum cathode 2= luvinlw PO2 electrode aamistinaandiaulydista cathode
el lduniuidn Uszansammsinnssuswes P02  azanad satuiiialeft electrode
output go"fu (éjmvl,ﬁmmwhmu%ﬁwa) §09¥N13LUR8% membrane  fianrinsilaun
membrane nﬂﬂ%ﬂﬁﬂduﬂlﬁ]’i’l cuvette dadlidvadnaIuIIRaL (empty mode) FTn13nda
wiuay 18en EMPTY lawlguilu NO w3a YES Foldiranliwasnadlnaaon 8 Suft lag
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%q@msﬁwmumaa stirrer

molude dwnliinvadtrnataanaIn cuvette

213711931

\Foue 1Ny electrode components 16 A181a931nIN electrode lanaudAnlu cuvette wan

nauili YES 9anwinaa CYCLES? LﬂaLaﬂJ"ll?NLﬁﬂ?ﬂ5ULﬁ1§i$UU§ﬂﬂ%ﬂ

¥ P a awa A a o
AANNNUAAIUBIDLAIDI ﬂ']’]&l‘ﬁ'lﬂLLﬁzﬂﬂiﬂQU@lLNﬂLﬂﬂLﬂ‘iad

SRR

AFURNY

a wa
nsUgua
A A
ataIad

Checking temperature

GRIVERIRTIET ms@;w,ﬂ%aq
77 10 = 20 wN

glucose low temp mmol
Glucose cycling Lgﬁam‘%'aaw%aﬂ“ﬁmu azilow
cycle 1- 4 mmol | e NgITUU 4 38U
Glucose uncal \dawdiariins Calibrate
nn.n mmol
\Ran Calibrate Inject standard
8.0 STD
nn.n mmol
Inject 10 yl 8.0 mmol/L | Glucose reaction nn.n Lﬂﬁﬂu@i’lgx‘l‘ﬁuﬁmﬁd 8.0
Glucose standard nn.n mmol
Repeat cal? foamsfiazridnsa’lal
8.0 mmol
Press YES Wait to finish cycling fudan yes to3asilantiedn
ITUY
Inject 8.0 STD Inject standard Lﬁam%la\‘]l,l,ﬁm
0.0 mmol | 0.0
Inject 10 yl 8.0 mmol/L | Glucose reaction ANTUEAT 8.0 LAZANW
Glucose standard 0.0 mmol
Repeat CAL?
8.0 mmol
Press No Glucose cycling fl"fl’am’mLLa@d’hﬁﬁé’dﬂam{’]m
8.0 mmol
Glucose ready Lﬁ'am'%'aawi”au inject @288
0.0 mmol
Check Calb? winfisadasly >1 5.4 lsina
YES/NO yes Lﬂéaq%zﬂauﬁ’lm 138U
n@ no LATasIzNAUFIANG
ready
Press No Standby, na NO Lﬁaﬁadﬂ’]iaaﬂﬁ]’m .
continue? Tnua Standby niNULFAILED
w3aslinnlFrnuwiunit 5 2.4
Glucose cycling fasilaniingn
Cycle 1 mmol
Press YES Glucose press

YES to calibrate
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318NITNITNNIHAN 9 NUAAILHIBLATDY ANMARNIBUAZNITLY

wa

NMIUGUG TNy AU
Glucsoe ready
0.0 mmol
Press NO Calibrate? na YES L“S"&lm‘i Calibrate
1 YES/NO
Press NO Cycle? na YES LLam"LﬁLﬁan 1,2,4 #38 6
2 YES/NO souvaIn1Idawiie
Press NO ID ON/OFF na YES uanlWia3osRunWdouss
3 YES/NO RULLRVTBILGRZEIDEN
Press NO Print time/date na YES @9 uaziu
4 YES/NO na NO 'liidan
Press NO Electrode O/P na YES N Electrode output LA
5 YES/NO ANANLATBIRNN na NO laitRan
Press NO Index reset na YES LA3osRuwanenSuam
6 YES/NO
Press NO Standby? na YES Uauiﬁm%m Standby
7 YES/NO na NO LASaIWsournIm
Press NO Empty? na YES Li‘iaﬁmquﬂmsﬁwm
8 YES/NO U stirrer LAY cuvette
Press NO Units conv NA YES LRoNAUILLFAING
9 YES/NO
Press NO Set Cal Value? na YES iaufoudanasgiuena
10 YES/INO @29M7 (N@ YES 18aunan na NO
WaBUGLaY)
Press NO Set RS232 na YES fiaiiansn 300, ODD w38
11 YES/NO OFF na NO liidan
Press NO Set time/date na YES 1Roniufl uaziian
12 YES/NO
Press NO STATS na YES Gulalid na NO e
13 YES/NO JaTAINIEDa  lasiaTaduaad

analyse stats, YES/NO na YES

Glucose ready
0.0 mmol

F18NITNITNNIRIBNILNUFAIUBIDLATEI AVRNIBUAZNITUJUANLA

gn1sananil NO

v

aanuazla

]
S A

Check cal? sznngileldeu > 60 wifiuas
YES/NO A23%11N17 calibrate 1y
Fluid level LLamLaaudﬂvlajﬁmaammﬂmnﬁgi

Fault cancel?

level port Liaay cycle winilailan
éﬂﬂé'mihghzuu na YES L‘ﬁaﬂé'ugi
MIRNINUNG UATATIVFDURILNG
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ANADWNITILAIIZH

fnITUReIU VAN

= o & o
1. ﬂ’)ﬂﬁ?ﬂl&l’)ﬂ@LLﬁZ@ﬂﬂﬁmn’ﬁﬂiﬂﬂ?ﬂ

AILATLNENEN mmamgw'ﬁmmsgmmaz 250 88807 fawldaisiiiigiunlin

A v & a ) A A = od o a a A
qm%ﬂ&lﬁaﬂ u’m’mmqlm’mu’m 15 L@auLNLﬂUVL']V]ﬂLUuqm%J;IN 5 23ALDTALDYR ¥i%8 3

A

L@auﬂqm%{]ﬁﬂ”aa

D

muasontida nasguialdieiontila B%e Gison  au1a 10 lulasdas vila
positive displacement lasflanwazAlAENUANERABANAI8NARANTINGLE adaptor NDaa
v 9/& v a 1 s 1 1 s v { U QI
ieanledimunsouas lawafnuTaInsaas1I00819 LazRIR I IALAToINIILINIGH
% il ] s =3 A 1 [ Aa A 1
NNINYA ALY I282RI9INA7 adaptor DUaaThidarinny 24 Jadiuas saudansnasa
e unuwanadn (piston) Laz adaptor #1NNINDEARNEANNRZDTA LaztinauulgE e
M3Le3RINNA3% (Standard solution) enINRNAAAMATUTHYINAY 8.0
fadluadadas arsutisaIoudmniulEam (Working standard solution) lasutslanaaaussg

YWIALANULENAIIRINAN Stock standard

2. MIASYNAIDLIATID

fRIUNARNN ATMT Fluoride heparin %38 Fluoride oxalate LJussnuidaauds
wa31&15 Heparin wae EDTA mmsnl‘*ﬁ”lﬁl,wiﬂgiﬂamoa’mmaQﬂlﬂﬂlmmumwaaLﬁ@
LROALAY 178991NLATAINTID Analox ’RIN1INATILRaAluSu iy Aa 10 lulasdas was

A v oA o e A 2 a A & A L. .

AN3LANZLABAANNLFULIRaAd1073FULUR e F9ouNaziAuLRaatu HeparinizedMicro-

. o : v & d o ~
hematocrit  tubes mmﬂuummemwmamﬁﬂmUmwmmm’mmﬂaiﬂa Tuung
ANTANHNA1AG LA HNRRDALALLRAALD Lﬁaaﬁnﬂmmﬁmaamslm:l,ﬁaﬂga 29d09¥iN3
UsuSunasfaaldnanzaudanisiiuiiaandazasd ag19lsnaaIINIINEIGIa819LRaa b
namnnien g weldldifauuiunisanan

o o A & o | A & A A Ada [

fMSULRBAIIN (whole blood) AITLALAIBENILREA lkraaaLAULRaATRANARIIN
\faaudssiia heparin, fluoride UAZ nitrite  WALTINAK UAzLAIDNELTIFUINUIENHER
(Analox capillary tubes, code GMRD-053/054) laal#fitSunasifeatszunm 50 ulasdas

= o A @ A aa o £ oA

(NzUTTUTHATINAAAILENEAN) HENLReAlasnaunaaa Uy LiaavsdiFduduningy
=3 v ny U 1 v A o a 6 e'/ 1 d' 9/; 1 1 c.l' (%
RNy N9l iatnetay 3 winnawrinnIALAIIEH I@ﬂmvl,ﬂmﬂg‘[ﬂaw"l@mﬂ’nmﬂvl,m'm
WRIRNIUTZN U 7-28%

o [ & o . X AaA . 2 a

fnTudaanne I(ﬂUmﬂazmumamaﬂama:mnaﬂazmumaz glycouria  TINAN
ﬂgiﬂa@iauﬁwga ﬁaaﬁﬁﬂﬁﬂulﬁam%’wzﬂauﬁa%isluéhaamLLazmsﬁwmsﬁamaﬁam’s:
Aawimyiaszi

o s a' 1 dl' 1 :’ s % :’ A a dl' o

FMIURIFINTID 9 L% 119N WFBRAI (CSF) shanenievadnalzhadn a3

MIUUVIANNAWNUUINNUAIDENINDULRND
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3. n71971 Calibration
fhenanasgiunglas 8.0 Tadluadafaslumiazanndudived benzoic acid tHue
a A dl v 1 s a YV dldl s 1 v
103378 YSnasfeanldiviidn 10 lulasias azlddnndensaguuiduasizainiv

¥1a3310019 30.0 Aadluadadas

4. N17 setup Lﬂ%‘lad

‘1,1’1‘1/{’1Uﬁﬂglﬂﬁiﬁl%ﬂ’]‘ﬁ%&ﬂﬁﬁgﬁ’] sn7ieLa%ed (reagent reservoir) lagsinenaa @ ans
liflgunnfidasuazidwanldidhiudnanld [Aal¥n3¥ calibration Hanuuaingrannau

Foulan 1ataias 1a30995La09 low  temp’ Lﬁ'aqmugﬁmaam‘%'aaw%”auﬁwm
\aasazrnmstlawinensaludd 4 sau lwsmeiiadasrinmstlaninonlwiderhasauin 1ia
g]mi"l,vmﬁﬂmaam{wmmnmwm6] @373 pumps ¢3¢ dw‘hmu"l,@ﬁ”aahagﬂﬁaa

ma%@mﬂmmadﬁ’lm I@m{’lm’%zmua’m reagent line U84 triple pump (central
position, gﬂﬁ 5, 10) Wazd@IH11LE9 Air entrain junction (31J“7i 5, 7) Favzidn air e
§N12UNG

\§an “CYCLE” launatu NO %38 YES uuunintiiila tdan 1 luums ‘empty’ phase
sranafindvasna 391Uun97n empty port (gﬂﬁ 5, 21) fidma192919199 AU cuvette
block

Ty misd fill pump FEIFNI% W FINAFUTBIARINENI LA NAWTE
284 cuvette block (gﬂﬁ' 5, 2) Az AR w&I888aNN block NMITURES

e fill pump wHa level pump Saasrinnudallansn 4 Jud Fslwnaiazdana
NfvaanardSunanandas wak 1 ua1891n cuvette level port (gﬂ‘ﬁ 5, 20) 817N bailAn
RUNBHINILANVBIAA L cuvette 817 Ml IWe

1%naa cuvette cap WAz actuator 88N §89 IWAUNIUITFILNALAL stirrer  (magnetic
follower) muaglummﬁwaa cuvette LLa:mg]u@iaLﬁad mﬂwudﬂﬁmmguﬁ@ﬂﬂaawﬁ
SAINAFNUIN L% debris, clot, hairs Wi0dug andvay IRFINAQNIIMYUYRY stirrer
i "l&iﬁmﬂuﬁauﬂ@gﬁmguﬁaglﬁ cuvette ¥n3Lfiu cuvette cap waz actuator AR

gunsfiazes “Standoy’  1iialaidasnislEen waziaslildwAunin 2 $alug
isasaztlfpwulnue Standoy lasdaluia

ad a 14
5. 35A1531AT1EH
Buimaeadienst  lesdasiad uwninaeazdeing checking temperature
A o ! A a & o

glucose low temp La3adazlFiannguiadasilazanas 10-20 Wil Juiuanweimeluume
UHuan

ALY calibrate LHaIaA1 standard lasasdnlin 8.0 Hadluadeday LATasazyinnu
1000 luld LAzLIAINANENWIE WaTITLEAIFIDNN accept cal? Mnawilu YES wnld
pansulinauilu NO La3adazanudain repeat cal? lnauilu YES vinnns inject lnsidnaya
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W9 working standard solution WEN3AN stock MARRBALLILEN ieldnulsziniu
LLazLﬁu"L’?ﬁgTLﬁu

Inject standard 10 lulas@as I@mjw'ﬂLﬂ@laﬂum‘%mLLazﬂ@ﬂﬁiawaammmm:
\@pnuf adaptor uRERU microswitch A19liUTeanm 3 Fwfinauastilanay agnduin
H9A9a19MINaUaasvadraI e asTidanay ﬁﬁﬂLﬂmﬁjuaﬂuﬁaUﬁwﬁmmm 1 nadasy
g 2-3 a%a LLa:ajuﬂLﬂ@mluﬁaU&T’]mmmam 2 LTUWALING TUAIUNTEA WD

Inject §ragsfidasmydiaszst 10 Tulasaas srunaldring vnssstldanuds 5.4

1@ standard 1N < ASIWIMIATIINATIEN 10 F108n9 LRaINENAMULL IS
Mz e ladaniunin 30.0 Sadluadodns ATaalSIIMEI0ENIRIRAS

5 lulasaay uig AN 2

ToAI332AATEII
mivhauesaIaaiuiuy Microprocessor control aatuiljiiddsdaslEdaian
o A o { A o
uwiluaugu YESNO  lumsdufinnulusuiunmsrinusesiaiasdslnnguuusaniiiie
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