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Clinico-chemical Investigation of Chlorobiphenyl Poisoning 

Especially on the Serum Lipid Analysis of 
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Hospital--of KyushU.University, Fukuoka, Kyushu. 
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It was elucidated hy the Research Team of Kyushu University for -Yusho- .that its 

etiology is the chlorohiphenyls poisoning and our eharge• on this Problem Was to inalyre 

the chemical constituents of serum and urine of the patients. Man) analytical data v.,:re 

obtained hy the methods, used routinely in clinical laboratories and some findings, which 

indicated the slight injuries of the liver  fonctions.  were obtained ; slig,ht elevation of the. 

serum transaminase. • and alkaline phosphatuse activities:decrease of ser .unt iron. ulinary 

excretion of large .  amounts of amino acids, and so on. . 

AmOng thew findings. it was assumed to he a s -ignilicant sign that Serum.of the pat. i• 

ents showed often lactescence, which seemed to'be due to lipemia. Thus, our attention 

WdS turned to analyze the serum lipids of the 'patients. ;When cholesterol. phospholipidS 
and triglycerides of the serum was determined. the former fwia were in the normal rang.. 
hut the latter was incrsased significantly. The ratio . of 	lipoproteins was also fOund 

to he elevated, 	Front  these findings, it was elucidated tha't lactuscence of >the patients' 
sert.in "Was due to hypertrigl)ceridemia. 	 • 

lt has  bon  known that free fatty acids tif serum ar,i de .creased, when carbohydrate 

Jr  UdIllirliSt:red Pi the norinal subjects. Witten we carried out this "test for the Patients. 
sotie of them showed ,  the same interrelationship between blood glucose and serum free • 
fatty acids as that of the normal subjects. but the abnormal figures mere found  111 the 
other cases. The latter showed the elevated blood gluccse level esen time hours after 
gluctise administration. In all patients the 15 .,,, e1 of serum free fatty acids was fo-und tO 
be increased at fasting and the decreased level of them after glucose admistration .  Was 
higher than that of the normal. • 

Next, the gas-chromatographic analysis of each free fatty acid in serudi` wag carried 
out and it M..1% pointed that palmitic acid WaS decreased by glucose administration more 
signilisantly  titan  tile normal d id. This experiment Wai assumekl . to indicate t he. abnormal -
accuMolation of palmitic acid in the serum of -the Patients. 

When urinary neutral 17 ketosternids of the patients Were analyzed by gas•chromato. 
graphy.. the elevation of the ratio of .etincholanolone androsterone. which indicated the 
occurrenee of .  an adrenocnrtical hyperfunction, was.found. though the urinary excretion 
of total I 7 ketosteroids was in the normal rang.  This routing seemed to be•interesting 
In the relation of fat metabolism and adrenal functions. • 
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- 	It had-been confirmed previously, ly the research . 

team of Kyushu University, that the cause of the so-called 

'YUsho"*" ..was a -chlorobiphenyl poisoning.  The  author's, Who. 	'(476) 

are members 6r the clinical section of the reaéarch.teaffi, • 

have-been•examining blood serum and'urine samples of the Yilsho 

patients sent to this central.clinical •aboratorY for some 	• 

yebLra.• In this paper the results of theseneral biochemical 

analyses alidserum lipid - analysia'of,thè-saMples are rePorted,.; 

the latter . analysis -being-deaCribed in particular detail. 

Although little was found to be characteristic of 

YUsho after general.bioChemical analyses, the patients' serum • 

sample's frequently shOwed clearly visible lactescence, which 

seemed to , be due - to lipemia, thus indicating,that the chloro- . 

biphenyl poisoning causèd abnormal lipid metabolism. 

I. GENERAL)3IpCHEMICAL ANALYSES.- 

• . 
1.' . Serum Protein. . 

•As  sh.oWn in table 1, there was no abnormality in the 

. amounts of total seruM proteihs. However,.when serum proteina 

were fractionated by an eléctrophoretic .method, increases . of e 
and OC 

2 -globulin were observed. •  • 

2. Serum Non-protein Nitrogen Compounds.. 

When urea nitrogen, uric-acid -, oç-aminonitrogen 

( Gç-aminoacid) and creatinine were determined, no abnormality. 

 waa fbund in Yusho patients' serum samples. The results -  are 

TranslatOres Note: Literally.  "Oil7disease. 

t•-• 



shown in table 2.  

3. UrinarY Aminoacids. 

Since  the  disease-causing substanées of YUsho - were 

chlorobiphenyis, it:Was thought that some of-their degradation' 

• products ,were excreted  in the patients' urine. Ihhen the - 

patients.' urinary aminoacids Were analyzed by a Hitachi aminà-
• 
acid autoanalyzer, Model KLA-34 taurine, 5 -amino-isobutyric 

acid, glycine and histidine were detected in very large quantities 

and other aMinoacids generally were fOund in rather high  con-

centration, but no abnormal substance anticipated as degra- 

dation products of chlorobiphényls could be found, as shown in • 

table 3. 	 • 

• 
4; .Serum'Electrolytes. . 	. 

As shown in table 4,  sodium, calcium  and chloride, 

were  found in normal cbncentration in the patients' serum,-but 

potassium appeared to be in soMewhat low .  concentration. Since 

Yusho Was caused by organic chloro compounds, urinary chloride 

excretion was determined,  but, as shown - in table 5, no ab-: 

normality waS observed. 

5. Serum  Iran.  

As shown in -bane 6, decrease of.sef-Um iron was ob-

served in Yusho patients. .SOM8 patients indeed had only 50% 

-or less of the normal quantities. 
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Table 1. Serum Proteins of Yusho Patients.  

Ihymoi Test 4 

Zinc kiliWttou 

Normal. - 
Infâht .•Range Wetllod 

3±0. 6 g dl 8 	7.3.720.5g a 	6.5-8.2i 	 o - 

Adult 

Table 2. Serum Non-protein Nitrogen 
( ompounds of Yilsho Patients.  

Item of 
Analysis 

Ur@a Nitrogen 
Ur1c.Acid 
ocAMino Nitroel 2 

Creatininà . 	s 

The TISUrja- Show mg/di 

Infant 
n 	g 	D. 

12 	12.32_2.4 

8 

4.7 

0 

:Normal 
Range • Methods 
8 --17 " 	Auto Maki« 
2 6 	Hem , -et al • 

5.0 Rubinsteme 
0.13-1.3 Mom(40, 13 ) 

,Mulcat 	 

Adurt 
g S. D.  

12. 3.L 3. 6 

5.0 1.6 

4.9+0.4 

1.02_0.2 



Table 3: Analyàis Of Urinary -  Aminoacids,of Yusho Patients. 	• 

. 	.+- Yilsho Patient 	 Min. and 
Max. of 

Aminoacids 	. • 24 yr. old 	16 yr. old 	: Normal 5 
Female 	• - 	Male 	. 	SpecimenS  

• 	. 	 . 	ALM/24 hr.. 	ieM/24 hr. 	,LLM/24 hr. 
_ Taurine 	. 	 5641 	/- 	8103 	• 	' 35884 

Oxyproline ' 	 0 • 	 0 	 - 0~27 ,  
Aspartic .Allid 	 : 36 	: 	. 	15 	• 	- 	1~5 -  • 
Threonine 'e 	 548 • 	• 	863 	 18~83 
.Serine 	 • 	366 	. 	. ,836 	.. • 	1053 
GlutaMic Acid. 	 52 	' 	: 	• 84 -' 	- 	18~186 
Citrulline ' 	 Trace 	. 	 Trace 	' 9~109 

, Proline 	 —17 	 . 	76 	 . 88~137 
Glycine 	 1865 	 2997 	' 	82"0308 
Alanine 	 • 	538 . • 	. 	341 	• 173...0 467 
1/2 cystine 	 . . 	70' 	, 	135 	 6te21- - 
Valine 	 .. 	63 	' 	, 	61 	 105ee239 
:Methionine 	 21 	- 	49 	 15m24 
Isoleucine • 	• 	 84 ' 	. 	106 	 220.'69 
Leucine 	 47 	 - 71 	 59,1139 
Tyrosine ,« 	' 	• • 104 	 247. 	 32^161 
Phenylalanine 	• 	77 	 125 	 .31.ew77 
4-AIBA 	 247 	• . 1042 	 0 . 
Tryptophan .  • 	 160 ' 	 42 	 327 
Ornitine 	. 	. 	0 	• 	' 0 	. 	- 	. _ 	0- 	. 
.Lysine 	 243 	' 	• 118 . 	- 	33~189 .  
Histidlne 	- • 	- 	743 	 1170 	. - 	11^e•57 
Arginine 	. 	 18 	• 	:Trace 	: 	• 	5^#67 
14C-ANBA 	 13 	. • 	30 	• 	.8~28 

;y
thylhistidine" .  - 344 . . 213 . 2....., 3 30 
-Alanine . Trace . Trace - . 0 

/3 -•IBA 	-Amino-isobutyric acid . 
0(-ANBA .7.0c.-Amino-n-butyryric - acid 

Threomine éontains both glutamine 
'end aspartic acid 	. • 

It Methyl histidine is‘a mixture of 
1-Methyl. and 3-Methyl-histidine. 

(477) 



9.3 
7.6 

7.5 
8.0 

Female 35 y • . 
49 yr. 

" 	24 yr. 
28 yr. 

• 39- yr. 
" 	.15 yr. 

37 yr. 

• 8.3 
5.4 

10.0 
6.8 

5.1 
Normal 
Range 5....P- 10g/24 hr. 

Table 	Seruffi.Eloctrolytes of Yusho Patients, .  

Item 	H eAdule .  Infant MPI:Inell. .- 
Ilange . Method . _ 

odium. 	54 • 142±2 	17 	140 2 	I: 135-152 	Auto Analyzer 

-. Potassium 53 -  4. 0±OE 4 	17 	4. 2± 0. 5 	4.5-5.5 	Auto Analyeer 

' 	Chloride. 	53 	•o4±3 	16 	103±2 	, 96-110 	Auto Analyzer 	
. 

, - Calcium 	29 	4. 6+0. 2 . 13 	4.7±0,1  : 4.5-.4.5 ;Fleme Analysis .  

• erhe figures are shown in -à ctn. unit . 	. 	 . .. 

Table '5: Urinary Chloride of Yusho Patients.  

Patients 1st 
, Determination 

• 2nd 
Determination 

6. Serum Enzyffie. 

Serum transaminase activity was found slightly 

:elevated in the patients!' serum, and a tendency.of GOT<GPT 

observed. In infant.patienta, the increase . of GOT activity 

was more pronounced.than that'in ediat patients. While seruM - 

lactic acid dehydrogenase activity did nôt change, alkaline 

phosphatase• activity was generally slightly larger in the 

 patients' serum than in- normal serum. • These results are pre 

• sented in table 7,. 

7. Urinary 17-Ketosteroids. 	• 

. • As. described earlier, many Yilsho patients showed' 

lipemia. Since lipid - metabolism usually was affected by steroid 

was 
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hormones . to a large . ektent, determination of - urinary • . 

1 17-1.etosteroidswasConducted 'to see if there wàs'any %-  sinifi- 

cant chane in their content. • The determination was carried . 

- out following 	ZiffimerMannts method 15)-  , except hiaMine
*  10X, 

3) 
that is, one molar methanolic solution of p-(diisobutylcreso- 

xyethyi)-dimethylbenzylammoniUM Chloride', was used'instead  of 

the ùsual 5N aqueous potassium hydroxide solution for . coloration 

at the final step. . 

. •The results are shown in table 8, which indicate that 

both male and female-patients excreted normal daily .amounte.of 

the total steroidà. However, sindelt appeared to be ... important 

to know the relative amounts of steroids, the steroids were 

individually determined. Although abàolute amounts of each 

steroid were comMonly considered to be important, it was found 

that the ratio of etioCholanolone (Et) versa . androsterone.(As) 

was even .  more important. 

Table 6: Serum Iron of Yùsho Patients.  

Serum 
_Iron  

Adult 	,;.Infant rm al Method 
n 	;- S. D. 	n 	g ± S.D. 	ange  

50 	(Kir.34 	17 	83±26 	i00--170 	Kingsley-Getchell u" 
..  

The unit is,14-g/d1 

(478.) 

Translatorla  Note;-  Transliterated. Probably a 
.trade name of the commercial reagent  solution 
described.above, 



4--12 
9--23 

H Table 7: Serum  Enzyme  Activities of Yusho Patients.  

Enzyme4  
Adult 

.± S. D.  
'Tnfant. Normal 
, 	Range Method . . 

• GOT , 

GPT 

Lactic .  Acid Dehydrogenase 
Basic Phosphorynase 

	

70 	24 *: 19 	12 	36 1  23 	5-- 40 

	

: 48 	232=16 	10 	21+11, 	5-- 30 

	

1 24 	278±65 	5 	2841;24 	i00--450 

	

i,  65 	10.3±3.5 	11 ' - 	17.4+4.9 

.A-Adult 
IInfant 

Auto Analyzer 
Auto Analyzer 
Cabaud-Wroblewskf. 5 ) 
Auto-Analyzer 
(ModifiecUgnd-King 

Methcid 	. 

* - Enzyme unit is as follows.  
GOT, GPT: Karmen.Unit 
Lactic Acid - Dehydrogenase: Karmen Unit. 
Basic Phosphoryname: -King-Armètrong Unit. 

Table 8: 17rKetosteroids of Yusho Patients.  

A; total 17-Ketosteroids. 

Patients Female Adult 
Male Adult  

_ Normal Rane  
•

. „ 

2:J 	 '5. 7+ I. 8mg 	 4--12 mg."24 .1hr• 

13 	 7.3±2.8 	 7-18  



P- Female' M- Male 
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•Table 8:  •Continued': 

: • Inividual DAte'rminatin of. 17,ketosteroids. 

It 

• Z' 	 1 
. 	r.r. 	 1 	0 	' 	1 	0. • tr. 	 0.) . 	0 	 o 	el 	0 

,--.1 	(1: we 	o 0 	. 	0 H 	rtl 	0,--■ 	02 • 
e., -7-- - 	o 	0 ----  

4.-7 	12) 	't 	(1.) 	CO 	•r-1 	4-7 	„r ‘4-t 	a= 	---, • c •,--1 	 -P ‹. 	4- 	ai rx; 	4.) 	e24 -4-3ca 	-p 
E. -  • -..-s. 	 .. 	 01 ■_., 	rf; . r-1 ....--- 	n 	■11) 	U2,...--• 	ri; 

. 	p 	28 yr 	 0.0.m g m 	Œmm g .m 	0.02m g m 	0.6 ' 	p 	28 Yi 	 0.12 	au 	am 	IA f....4r-i . 0 CO 	M 	214 	it 	 0.2) 	 (In 	0.09 	0.8 
Z 	14 	20 III 	 0. 1 .1• 	 0.06 	 0.06 	0.4  ........... 	 ...... 	. 

mi.; 2.4.11.1 1  
F 	35  X l' 	7. 6  • 0.09 	 0.15 	 0.13 	 1.7  

■-,--1 33 	 6.o 	 0.06 	• 	0. 12 	 0.09 	2.0 
, 	 e. 	 39  11 

■ t 	9.9 	 0.05 	0. 13 	 0.09 	2. 6 
M 	37 	• 	7.3 	 • 	0.11 	 0.10 	 0.09 	• 	0.9  ' 

should  correspond to  the  total  amount of 
17.7ket6steroids, but due to contaMinated dyes, 
-it becomes larger than - the total of • . 
Ast Et+ DHA. . 

• The-fractional determination'of 17-ketosterold was 

carried out as follows. Urine was hydrolyzed.by  shaking with' 

ethyl acetate 'containing- perchloric acid, and' the freed steroids 

were extracted with dichloromethana.. Its neutral fraction was 

purified using a @reparative) * thih.layer plate of SiGel H (MerCk) 

developed bya (1:1) mixture of benzene and ethyl acetate. • The. 

purified steroid mixture was quantitatively analyzed by a gas 

chromatographic method using cholesterol as an internal standard, 

to determine the amounts of androsterone, etiocholanolone 	(479) 

and dehydroandrosterone . (Unpublished: by Junji NAGAI and 

Michiyo PURUEAVA). 

• * Translator's Note: •Added by the translator. 
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The„results are given in table 8. High values'of I • 

. the Et/As ratio_ofboth' male and . female YUSho patients are 

quite significant.. This is perhaps to show that an adreno-

1. 
 . 

cortical hyper function took place in te  Patients. • - 

'H. SERUM LIPID ANALYSIS. 

As described earlier, the lipemia of Yusho patients 

was the most significant characteristic of this disease. 

Therefore, the authors examined the patients! serum lipid in 

grept detail. 

1. Serum Cholesterol, Phospholipids and Triglycerides. 

•From the patients whose Yusho symptoms were confirmed 

by clinical diagnoses, serum samples were withdrawn and the 

three title components in the samples were determined. The•

results were given in table 9. As seen in the table, both 

serum cholesterol and phospholipids were found in a normal range, 

but triglycerides were found in larger quantities than normal. 

Therefore, it was concluded that the lipemia of the patients was 

due to hypertriglyceridemia. 

2. Serum Lipoproteins. 

In order to confirm the above conclusion, filter paper 

•electrophoreSis of the patients! serum was conducted by Durrum 

and others! method6) ; and its lipoproteins were dyed with • 

"Oil red 0", and the ratio of #49/0C lipoproteins was . determined 

by ,a.colorimetric method. As:shown in table 10, the Ar4or 
•lipoprotein ratio was remarkably higher than the normal ratio 

of 1.2r2.5.. Moreover, the•high values were found to be pro-

portional to the high value of total serum lipids. This may 
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also'be taken•as evidence for the serum triglyceride increase 

• - In  Yùsho patienta. 	 . . 	 . 

3. •Carbohydrate : Administration and Serum  Free  "Fatty Acids.. 

• Since•Yusho waà estimatsd to  be not only a kihd  of  

skin disease but also a disease caused by a total metabolism ' 

disorder, the authors eXamined the.patientst : metabolism of 

• carbohydrate by administering a carbohydrate substance. • 

• Following the routine method of carbohydrate  ad - 

minlstration,  50g  of  glucose was given orally, immediately after 

a control.serum sample- was withdrawn from the patients at their 

fasting periods..: Blood samples were taken at,3Q, 60, 90, . 

120, 150 .and 180 minutes after the administration of the carbo-

hydrate, 	their blobd•augar was determined by the glucose . 

oxidation method 2) , and blood sugar curves of Yùsho patients ' 

were obtained. 	 •• 

Since  free  serùm fatty, -acids exist in a very close 

relationship with serum carbohydrates, free fatty acids in' 	. 

serum Samples withdrawn at  • asting and after 50 , 120, and 180 

minutes following the administration of glucose were - determined. 

The free fatty acids:were determined  as  follôws.  The  serum 

sample was extracted with chloroform, and  the- acids 'extracted 

were methylated with diazomethane-and . the ésterified fatty 

acids were analyzed by a gas chromatographic method using 

arachidic acid  as an internal Standard (Junji NAGAI, Yoshiaki 

.YAE and Michiyo FURUKAWA: Unpublished). 

• Fractuatations of blood sugar- and the accompanied 

free serum fatty.acidà are shown in table 11.  When the blood 



-12- 

sugar increased by administration of glucose, serum'fatty acids 

decreased, and as the blood sugar .value approached 	the 

standard, value at the fasting,the free serum fatty acids 

approachAd- 	the standard value at the fasting..i 

Table 9: Serum  Lipids.of Mull°  Patients •_ 

. 	 . 
- • Lipids 	• 	,,. 	k -I- S. D. 	

Normillf - 	- 
Sainmn Met..hoçl ''_.. - 

Cholesterol - 	r 	181±43 	 140-Alb 	--Z-Urkm%ski' 	: 
Phospholipids 	r 	8. f ±1.8  • .5.- 10 ' - 	Baumann" 	 • . 
Triglyceridea 	n 	189±64 • 	$0-130 . . Brankenhorn'e t al • 4)  

e. - Analyzed only of adult patients.  

	

.The figures are shown in the unit  mg/dl. 	• 

Table  10:  Serum Lipoproteins of Yusho Patients. 

Ratio of 
MK.  Li po - 
' proteins 

Subjects 
Total 
Serum e  
Lipids 

1.9 Normal :Male 26 yr. 620 mg/di 

Yusho 
2.0 
3.5 
4.4 

700 mg/di 
1000 
875 . 

Female 24 yr. 
Male 	35 yr. 
Female 60 yr. 

Ë - Determined by the method of de la Huerga etal8) , 
• and tbis method gives approximate values only. 
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Tnble 11: Fràctuation of Blood Sugar and Free SeruM 
Fatty Acids after Administration of Glucose 

• to ,  Normal Adult.. 

CA) 	, 	• 
• "g 

- 

al 	- After Adminietratio (min.) 
30 	60 	: 	90 	• , 120 	150 	180 

ri) 
H 

!112 

H 

82 

9.8 

134 	• 146 

8.0 

liale 
48 ?vs. 

Blood . augar I 
Free eirum Fatty Acres 

128 	i 	125 

- I 	7.2 

•nit-is medl. 

Table 12: Fractuation of Blood Sugar and Free Serum . 
Fatty Acids after Administration of Glucose 
	 to 'rush° Patients. 

(480) 

Patients 	Items of Analysis 

	

F-24 	Blood Sugar Free . 
yr 	Serum Fatty Acids 

	

M-34 	 Asam(71 ) 
-r 

	

F-38 	 (same) yr' 

yr 

_ 	. • . . . 	. • After  
F .st- 	Administration (Min 
-ins 	30 	› 60 : 90 	120 	150 	180 

131 	156 	152 	139 • 	93 	76 i 
22.2 	: 	- 	23. 2 	- 	24.2 	-- 	25.0 

r 	 ' 
- 88 	I 	los 	118 ' 	10: 	ice 	105 	72 

13.9 	; 	- 	13.3 	-- i 	7.2. 	- . 10.0 . . 

88 	. 	83 	107 	84 	93 	117 ' 	115. 
32.8 	.... - . 23.3 , 	- 	23.9 	- • . 21.9 

89 	' ' • 107 ' 	102 	108 	125 	113 	111 
30.0 	- 	13.5 	- 	14.4 	- 	11. 9 

US-arrit) 
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In  .a  certain number of cases of YUsho patients, 

nearly the same tendency of changes as in the normal cases was 

observed, but many cases of  abnormal fractuations were also 
- 

found. However, no case of excess blood sugar was found in 

Yusho patients when glucose- was administered. 

Although the mode of blood sugar fractuation after 

administration of gluCose to Yusho patients varied a great deal, 

they could be roughly classified into two groups,A and B. 

Namely, in the group A of table 12, blood sugar change was 

quite similar to normal cases, but the serum free fatty acids 

did nob decrease even after the administration of glucose. 

In the type B blood sugar change, the sugar value 

never returned to the fasting period standard value even 

after .180 minutes of glucose administration, and it increased 

further 	than the standard value. However, in group B, the free 

serum fattj acid value changed just as the normal cases. 

It was quite significant to find that the patients' 

free serum fatty acid level was as high as 1.5-4 times the 

normal specimen,regardless of the type of fractuation of blood 

sugar after administration of glucose, and that the amount of 

its decrease after glucose administration was  also much higher 

.than the normal specimen. 

4. -Fractuation of F,ach -Free Serum Fatty Abid . after Adminis-

tration of Glucose. 	 • 	 • 

The individual fatty acids eXamined are. myristic 

), palmitic acid ( acid  (C14:0 	 C s 16:0 ), palmito-oleic acid (016:1) 
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stearic acid (C 	) oleic acid (C18:•)  and linolic acid (C18:2 ) ' 

and these are the major fatty acids found as normal serum 

free fatty acids. 	 . 

Since the total free fatty acids in the patients serum 

were unusually large, and these large total amounts also were 

found to vary considerably, it was felt important to check how 

the amounts of individual serum fatty acids fractuate. In-

dividual fatty acid was  • determined separately as described 

earlier, using  agas  chromatographic method. 

Table 13 shows the fractuation of a normal specimen. 

It reveals that the major contribution to the decrease of free 

• serum fatty acid is done mainly by oleic acid and partly by 

palmitic acid. 

One of the group A cases shown in table 14 had 

nearly the same serum free fatty aci'd fractuation as that of the 

normal specimen, that is, drastic decrease of oleic acid by 

glucose administration and some decreases of both myristic 

acid and linolic acid. On the other hand, the other case of 

group A showed an increase of free -serum fatty acid after ad-

ministration of glucose, and particularly the increases of 

palmitic acid and palmito-oleic acid were .significant. 



2. 7 

2.5  

2.2 

 2. 8 

60g 
. 	120 

11 
. 180 

2. I 

'.7  • 
1.9 

 2.4 

. 0. 7 

0. 3 

O. 5 

2.4 

 2. 7 

2. I 

1.2  
I.0  

0.4  

- 

 

3.8  

2. 7 

1 5 

2.0 

 2. 3 

'.5 
 2. 1 

5. 7 

525 

6.2  
6.4  

2.9  
1.2  

2.0  
120 

180  11  

2 5 

.3  
O. 8 

.5  

. 

 

1 
: 	. 	. 

 

3,5  
3.4  

3. 3 1  
2.2  

2.2  

1:8 

.2  

.2  
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Table 13: Fractuation of EeWh Free Fatty Acld in Serum. 
of Normal  Adu1 -t after Administration of.' 
-Glucose (Male 48_yrs.) 

-uour oir, C, 	n. 	n. 	c ? 	ewe 	. 	CIEI  . 	,..)ampline 	 -- 	 .... 
Fusticg- 	, 	0.4 	, 3,3 	0.8 	0.7 	1.9 	2.6 	0.1  

After 	Admin.eemln 	0.3 	2.o 	0.6 	1.0 	1.8 	0.6 	.1:0 

	

120 	• 	' 	0,4 	2.3 	0.4 	0.7  • 	1.3  - 	1. 4 	0.7  

	

11 	' 

	

ISO 	- • 	.' 	0.6 	3.2 	0.7 	1.1 	1.6 	0.7 	0.7  

Unit in mg/di. 

Table 14:  Fractilation of Each Free Fatty Aeld in serum or' 
Yilsho Patients after Administration of Glucose.  

(481) 
Type Patients 

Female 
24 . yr. 

Hour 
of  
anp1  in  

7àWt7i-rig 
Afte'r 

C ■ .co 	Cie> 

6.6 

 8. I 

8. 7 

7.9  

Cie, 	1 	Cleil Clef 

3. 3 

5. I 

3. 2. 

4. 3 

Male 
34 yr. 

2. 5 

0. I *  

'.3  

2.6  

Female 
38 yr. 

lete• 

14.0  
13.7  
9.5 

 9. 5 

1.8  

'.5  
2.0  

O. 7 1 
. 

 

5.0 	6,1  

3.9 	'. 4.0 

1 3 ' 	3.6 

Male 
39 yr: 

3.2 	, 	11. 5 

- 

 

	

60M' 	2.4 	' . 6.8 

	

1 7 0 11' • . 	3.6 . 	6.7 ' 

180 11 :. 

 

' '1.6 	5.8  

	

4.0 	•  6.9 	2. 4 

	

2.7 	3. 4 	1.4  

	

2.8 	3,9 	1.2  

	

2.7 	, 	2.8 	4.9  

M 

Unit in . Mg/d1 of each fatty acid-. 
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In group B, decreases of both palmitic acid and oleic 

acid•were clearly shown in both cases, and stearic acid also 

appeared to be in the decreasing tendency. 

5. Total Fatty Acids in Pimples of Yusho Patients. 

The major symptom of Yusho is a pimpleIt-like 

appearance of the patientsfaces, and as described previously, 

abnormal fatti acid metabolism has been confirmed in this 

disease. Therefore, two sets of analytical data of fatty acids 

were compered; one of. the Yilsho patientepimples and the other 

of ordinary pimples. In all cases, the "core" 	of the pimple 

was pressed out, but since it was extremely difficult to 

collect a sufficient quantity for analysis from one patient, 

samples of ordinary pimples were collected from several score 

people and the samples of Yusho patients were collected from 

members of one and the same family. Pressing out the "cores" 

df the patientsepimples was done twice after a certain time 

interval, and the collected "cores" of pimples were placed in a 

(2:1) mixture of chloroform and methanol and stored in a cool 

plaCe. The amounts collected.•were approximately 200 mg. in 

both groups. 

Extraction of fat was conducted by -homogenizing the 

cores of pimples• with (2:1) mixture of chloroform:methanol 

- Translator's Note: a papillà, a comedo, a 
blackhead, a carbuncle or a  pustule.  . No parti-

' culer distinction is made by the authors. 

)Xt - Translator's Note: The authors use a word "center" 
or "heart". 	.• . 	. 



-18- 

• using a glass homogenizer, and the homogenate was filtered and 

the filtrate was combined with the storage solutiOn previously 

described. The combined fat extract solution was evaporated 

below 409c under a nitrogen atmosphere, and the résidu was 

saponified using a 5% methanolic potassium hydroxide. Fatty 

• acid liberated was extracted and methylated by the routine 

method, and the ester mixture was analyzed by a gas chromato-

graphic method. Even though the largest amount of samples 

possible was collected ag previously described, the amount 

obtained for the final analysis was insufficient to do anything 

beyond comparative analyses of the total fatty acids. 

The analytical resultà are shown in table 15. Even 

when only' samples of the same family were combined for the 

analysis, the fatty acid compositions varied depending on when 

the samples were collected. Severtheless, there was un-

doubtedly a very clear difference between the fatty acids of 

Vusho pabients'pimples and those of ordinary pimples. 

Namely, stenric acid and oleic acid were rich in 

Yusho pinples and particularly linolic acid, which could not 

be detected in common pimples by gas chromatography, was 

detected at fairly high concentration in Yushb pimples. On the 

other hand, 

detected in.Yusho pimples at relatively low concentration. 

palmitic acid and palmito-oleic acid were 
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Table 15: Total Fatty Acids of "Pimples" of Yusho 
Patients. 

S aMPle . 	, 	 C11:0 	Cie. 	Clel 	Cle4 	CIC1 	ci. 
Common 	Pimples 	. 	' 	11.6 	41.2 	17.0 	13.7 	' 	16.5 	 - 

Yusho Pimples 
1st 	sampling 	3.0 	- i 	22.1 	' 	10.7 	16.6 	31.5 	16.1 

2hd 	sampling: 	8.3 	23.4 	6.1 	31.2 	2. 5 	7: 5 

The figures are % of each fatty acid. 

In summary, the C
16

.fatty acids were found in low concentrations • 

In YUsho pimples ., but the C18  acids, particularly the un- 

saturatéd C
18 acids, were detected at high  concentrations. .: (482) 

Gas chromatographic determination of Cholesterol in 

YUshb and ordinary pimples revealed that the former  contained 

nearly ten times.as much cholesterol as 	the latter pimples, • 

but the-absolute quantity of the cholesterol could not be 

determined. UV, sPectroscopy indicated  the  presence..of.a 

'sterol' type substance . with a conjügated double bond system 

in Yusho pimple fattisubstance fraction, but itsIdentification :  

could not be done due—to.the lack of a sufficient amotint Of 

SUMMARY. 

The following facts-were . found to b'e abnormal,  when  

.Yusho patients ) varioùs cliniCal testing s emples were analyzed. 

These are listed belowWith brief:discUsSiOns. 	- 

.(1) A slight increase  of , -globuiin'vasifound in serum 

proteins, but its Significance remains unkpàWn. 

(.2) .Except for a very Slight decrease àf pOtassium,- serum . 



-20- 

electrolytes appeared to be normal. The cause of this sliht 

decrease of potassium is also unknown. 

(3) The serum iron content was found lower than usual, and . 

this may be attributed simply to one of the general Phenomena 

of chronic hepatitis. 

(4) Even though the serum .4-amino nitrogen remained in the 

normal range of concentration, urinary aminoacid excretion was 

very large in vusho patients, and particularly the excretion of 

taurine and glycine were abnormally large. This may be 

attributed to a result of a defense action by the liver.• 

As to the serum enzyme, transaminase actiVities, and parti- 

cularl -j the GOT activity of infant patients, were found to be 

nt an elevated level. Alkaline phosphatase activities were also 

found At the upper limit of the normal range. These findings 

indicate th:t some liver disorders  book place owing to 

chlorobipbenyls, and the infants had higher susceptibility 

to 	thes- chlorccor.pc,uns. However, in all cases serum 

bilirubin remained within a normal range. 

(6) The ouantity of daily excretion of urinary 17-ketosterolos 

remained normal in both male and female patients. However, the 

ratiO of etiocholanolone against androsterone- was ouite hi bh 

in tbe case of Yush() patients, indicating that chlorobiphenyl 

induced excretion of adrenal hormones,directly or indirectly. 

(7) 1»bile serum cholesterol and phospholipids were found within 

the normal range, triglycerides were detected in an increased 

if  
ouantity. Increase of a ratio of/I ge serum lipoproteins was 

Also detected. The cause of the increase of serum triglycerides 

(5) 
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in Yusho is still not clear. 

(8) The blood . sugar curves could be classified into normal 

and abnormbl types after the administration of glucose. After 

three hours in the latter type, the blood sugar quantity was 

larger than at the fasting period.' But in both groups none 

showed the syr,ptom of excess blood sugar after administering 

glucose. 

(9) Free fatty. Pcids after administration of glucose were 

found to be normal. However, absolute quantities of free 

serum fatty acids both ab fasting and after glucose administration 

were of course much larger than the normal specimen. In some 

cases, the free serum fatty acids maintained their high level 
• 4he 

offasting Period, even t;fter glucose administration- 

(10) Uhen individuP1 fatty acid of free serum fatty acid 

mixture of vushe patients was analyzed, palmitic acid was found 

to decrease ouite remarkably after administration of glucose. 

From this finding, it was reasonably concluded that one of the 

causes of increase of free serum fatty acids in Yusho disease 

was an accumulation of palmitic acid. 

(11) ‘;',hen total fatty acids •of "pimples", which are the 

characteristic skin symptom of Yusho disease e .lhere analyzed, 

the percentag e of C 18  fatty acids,_particularly unsaturated 

C18 acids wns found much higher thnn that in normal pimples. 

Also  the cholesterol content was high in pimPles of Yusho. 

It is interesting to know how'these abnormalities • 

are related to abnormal lipid Metabolism in the human body. 

caused by chlorobiphenyls. The authors expe6t more will be 
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revealed' along this line in the future.. 
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Addition'(to  the section oh Serum Enzyme) Choline Esterase 

Activity. 

Choline esterase (ChE) activities of serum and 

red blood corpuscles (erythrocytes) of Yusho patients were 

determined by a modified method of S. Hestrin (J. Biol. Chem. 

180:249, 1949). The average value and their standard devi-

ation of four cases were as follows. 

Serum ChE: 11.6i- 0.8 (Normal range is 10-15, and 

the unit is shown by a number of hM of acetic acid produced 

by degradation of acetyl choline with 0.05 ml of serum in one 

hour). 

Red-Blood Corpubcle ChE: 33.4+1.3 (Normal range -

, is 30-35, and the unit is'shown by a number  In mg  of acetyl 

choline 'decomposed by red bloodicorpuscles contained in i-M1 

of. Whole blood within 30 minutes). 

As  shown by'these data, both choline esterase. 'activities 

were found within the normal ranges and no abnormaIity - could 

be detected. 


