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>Ciinico—chemicél Ihvestigation of Chlorobiphenyl ¥Oisoning

Especially on the Serum Lipid Analysis of
' t-he Patients.

Junji NAGAI, Michiyo FURUKAWA, Yoshiaki YAE, and | )
Yoshihisa IKEDA. | o (475)

Central Clinical Laboratory pffthe‘Medical Schbol

Hospitalaof Kyushu Unlversity, Fukuoka, Kyushu.

bFukuoka;Igaku Zasshi (Fukubka-Medical Journal)

60 (6): 475-488 (1969).

1t was clucidated by the Research Team of Kyushu University for “Yusho™ .that its '
ctiology is the chlorubiphenyls poisoniag and our charge on this problent was to dnalyse
the chemical constituents of serum and urine of the patients, Many analytical data were
obtained by the miethads, used routinely in clinical laboratorics and some findings, which
indicated the slight injurics of the liver functions, were obtained ; sfight clevation of the.
serum transaminase” and alkaline phasphatase activities, decrease of serum iron, u;u’ary
exeretion of large amouats of amino acids. and so on,

,\nmng these findiags. it was assumed © be a significant sign that serum.of the pall
ents showed often Jactescence, which seemed o ‘be duce to lipemia.  Thus, our atention
was turaed to analyze the serum lipids of the patients, | When cholesterol, phospholipids
angd triglycerides of the serum was dcl\:rmincd. the forn}cr {wo were in the normal range,
but tl: latter was incroeased significantdy.  The ratio of 3 " lipuprotcins was also found
10 he {.Ix\.m.d Fram these findings, it was clucidated thdy lactescence of the p.:lum\
seruin was due to hypertriglyceridemid, .

tt has been hnown that free faity acids of serum are decreased, when c.nrbuh)dr.m
afe sdministered o the normal subpeets, When we carrivd cut this test for the paticats,
some of them showed: the same interrelationship between blnod glucose and serum free-
fatty acids as that of the normad subpeets, hut the abpornsal figures were found in the
other cases.  The latter showed the clevated bleod glucese tevel even three hours after s
ustucose administration,  In all patieats the tevel of scrum free fatty acids was found 10 -
be increased at fasting und the decreased level of lhun after glucose udmistration was
higher than that ol the aoraal, .
1 Next, the gas-chromatographic analysis of each [ree fatty ucid i scrulﬁ“' was carried
out and it was pointed that palmitic acid was decreased by glucese administration mure
sigmbicantly than the normal did. This experiment was assumed to indicate the abnormal

i accunwlation of palmitic acid in the serum of -the pdll\l‘ll‘
} When urinary neutral 17 Ketosteroids of the patients were analyzed by gas-chromato- :
graphy,” the elevation ol the ratio of ctiocholanolane androsterone, which indicated the
. occurrénce of an adreneenitical hyperfunction, was-faund. though the urinary excretion '

of total 17 Kketosteroids was in the normal range.  This finding seemed to bwmlunung
in the relation of fat metabolism and adn.nal funclmm
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It had. been confirmed previously, by the research i
team of Kyushu University,_that the cause of the so-called - !
"YUSho"t was a chlorobiphenyl poisoning. The authors, who '(476)
are members of the clinical section of the research team,-
have-been'examining hlood serum and‘urine_samples of the Yusho
Vpatients.sent.to.this centraluclinicalolabOPatory for some |
yeurs;‘ In this paper the'results of the*general‘biochemical |
analyses and ‘serum lipid- analysis of - the "samples are reported,

the latter’ analysis being described in particular detail.
Although little was found to be characteristic of

Yusho after general:biochemical analyses,‘the patients! serum
samples frequently shOwed.clearly visible lactescence, which
seemed to:rbe due'to lipemia, thus indicating\that_the chloro- .

biphenyl poisoning caused‘abnormal 1iptd metabolism.
I. GENFRAL BIOCHEMIGAL ANALYSES. -

1. Serum Protein.

‘As shown in table 1, thele was no abnormality in the

'.amounts.of total serum proteins. However,~when serum proteins
.Were-fractionated by an electronhoretic -method, increases of oC,

and OC —globulin'were observed. . K A -

i"2. Serum Non protein Nitrogen Compounds..
When urea nitrogen, uric. acid o(-aminonitrogen

( &K —aminoacid) and creatinine were determined no abnormality

was found in YUSho~patients' gerum samples. The results are'

% - Translators Note:_ Literallj'“OilﬁdiseaseV.




snown in tsble 2.
5. Urinary Aminoacids. g
Since the disease- cdusingvsubstances of Yusho were

chlorobiphenyls, it was thought that some of their degradation
products were excreted in the patients' urine.‘ When the
bpatients' urinary aminoacids were analyzed by a Hitachi amino~
bacid autoanalyzer, Model KLA-SA taurine, 75 -amino-isobutyric
acid, glynine and histidine were detected in very large quantities
and other aminoaeids generally were found in rather high con- |
centration, but no abnormal substance anticipated as degra—
dation products of chlorobiphenyls could be found, as shown in
table S
4.’_Serum”E1ectrelytes.

| As ehewn in table 4,'eodium,-célcium'endzcnloride-'
were~fonnd in‘nonmal 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—f~
normality wae observedJ |
5. ASerum Iron. |

A As shown in table 6, decrease of . serum iron was ob-.
served in Yusho patients. Some patients indeed had only 50%

or less of the normal quantities.
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Table 1.

Serum Proteéins of Yusho Patients.

R S Normal. - S

Item of Adult Inféht -Range  Method
Ana Ysis o FrS.D. n S, D,

OE é‘ln 3 736065 dl 8 2320.5g db . - 6.5~8.2 ghlll }33%?&030'
R R
/J‘ 33 10,322, 8 13.1:3.0 8~10 acetate

3.__ " 3 9.0.1.2 8 8230.7 s~12° . electro-
B 1482 8 . 147140 15~21  phoresis
Thymol Test 10 Antto AUndt Mactagaw»
Zinc g;‘fz‘ate 17 52415 3 atzodlinit s~ o

Table 2.

Kunkel"

Serum Non-protein Nitrogen

Compounds of Yusho Patients.
- —_—
;.. .. F' . ’ . N . . . )
tem of - lAdult | - Infant| ‘yormal ~
Xna]—)"SiS al2esn| 0 TzabD I‘f\%ange . Methods
Ur?g Nitrogen 2F 023036 | 12 123:24 0 8 ~17°  Awmo Anahver l'
1 50006 | 8 s0vr0 | 2 <6 et &
&é!g%l;lgiNib"ogm 2] 49r04 ) 1 47 L5~ 3.0 s:binmin-?ryce“'
ne . 5 1,0-0.2 0 ’ 0.8~ 1.3 omose
Moiaderls) |
The Tigures’ show mg/dl '
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Table 3: Analysls of Urinary'Aminbacidsyof Yusho Pétients.y

_ .+ Yusho Patilent - Min. and
: - | : "~ Max. of
Aminoaclds = = 24 yr. old 16 yr. old - Normal 5
c ' Female : ~ Male - .. Specimens
. R - ,U-M/24 hr. /um/24_ hr. /MM/24’ hr.
Taurihe . o - 5641 : 8103 j 55-884
Oxyproline - o 0 ‘ 0 . QA 27 .
Aspartic_A%id ' S %6 . 15 . ) la s
Threonlne L 548 ‘ - 863 . 8A083
‘Serine - 366 . .836 - 10~53
Glutesmic Acld. - b2 ‘ S 84 - - 18~186
Citrulline . Trace . Trace " 9ar109
- Proline ' - 47 _ .76 - 88137
‘Glyclne ~ . 18656 2997 ’ 82 ~308
Alanine : 538 = - 341 175~ 487
1/2 cystine : .70 . - 135 ‘ 6~21 -
.+ Valine . : 63 . 61 106~239
- Methionine A 21 . 49 16~24 -
Isoleuclne - : - 84 o 106 ' B2~ 69
Leucine _ 47 ' 71 ‘ 59 ~139
Tyrosins , ' - - 104 X 247 : 32Aa461 .
Phenylalanine o 77 . 125 ST
AB-ATRA . 247 © 1042 0.
Tryptophan 160 . _ 42 ' 3027
ornitine : X o 0o . . .. 0 .
-Lysine o : - 243 ' - 118 . : 35m~189
Histidine o 43 S 1170 . 11~57
Arginine : . 18 - ‘Trace - . - bwev7
& ~ANBA o 13 - 30 - 8~-28
Methylhistidine®® - 344 213 | . 2~430
/¢?—A1anine . Trace . Trace - ~ o

/3-AIBA = B ~Amino-1sobutyric acid
o -ANBA = o -Amino-n-butyryric-acild
* Threomine contalns both glutamine S (477)
and aspartle acld . ‘ o
¥% Methyl hlstlidine 1s:a mixture of
1-Methyl-- and &- Methyl—hlstidine




Table 4:- Serum.Eloctrplytes of Yusho Patients.

<
1

S

Ite R < & ormal '
 Hialyzea [ Adult  Infang Range -, Mothod
odium- 54 - 12 - 17 |4o+2 il 135~152  Auto Analyzer
Potassium s~ « 0x0.4. 17 4.2:0.5 4.5~5.5  Auto Analyzer
Chloride. s a04x3 16 1032, 9%~110  Auto Analyzer

. ‘CGalcium 29 46x02 .13 47101 , 4s5~s3 ; Flame Analysis
The*TIgures are shown in & mEﬁ]l it

Table 5: Uriharj Chloridé of Yusho Patients.

Patients = - 1st : - 2nd.
: ' N Determination . Determination
Female 35 yr. ‘ 8.5
49 yr. 5.4 9.3
"o 24 yp, 6.4, .6
28 yr. 10.0
" 39 e, |- 6.8
.15 yr. 7.5
"o 37 yr., 5.1 8.0
Normal g !

Range .- - . b5emrl0g/24 hr.

6; Seruﬁ Enzyﬁe.

Serum transaminase aétiVity waé found slightly
l‘elevaﬁed in the_paﬁients!" serum, and & _téhdency. of GOTC GPT |
was observed. ' In infant . paéients,'the increase'bf GOT actlvity
rwas more pronounced . than that in adult patients. While serum |
lactic acid dehydrogenase activity did not change, alkaline
phosphatase-activity was generally slightly larger in the . _fl
paﬁienﬁs' éerum than in;normal sérﬁm}; These results are pfe;
séntéd_in table 7. | |
7. Urinqry 17—Ketosteréids.

| 'Asjdesofibéd éanliéf, many iusho patienté_éhowed;

lipemia. Since lipid:metabolism usually was affected'by steroid
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hormones to a largeleXtent, determination of ‘urinary
.17-ketosteroids was eonduoted'to see if there was any signifi-
~ cant change in their content.. The determination was carried

15), except hiamine* 10X, f

out~following - Zimmermann's method
that'is, one molar.methanolio solutions) of p-(diisobutylcreso;
‘ xyethyl)- dimethylbenzylammonium chloride, was used instead of -
‘the usual 5N aqueous potassium hydroxide solution for. coloration o
"at the final step. .p

. The results ‘are shown 1in ‘table 8, which indicate that
"toth male and female~patients excreted normal daily amounts<of
the total steroids. However, since it appeared to be important
‘to know the relqtive smounts of steroids, the steroids were
individually determined. Although absolute amounts of each
sterold were commonly oonsidered to be important it was found’
‘that the ratlo of etiocholanolone (Bt) versa androsterone:(As)

was even more important.

Table 6: Serum Iron of Yusho Patlents.

Adult v Infanthpmm a1 - Method

{ = S.D, , & % S.D.
5 A ¥ES.D "o A Bn&e : . .
Igg’gm 5.0 9034 17 83x26 I()o~170 . Kingsley-G‘ct;hcll”” R ( 4!78)

The unit 1s,ag_/d1

® Translator's Notej. Transliterated. Probably a
. trade name of the commercial reagent solution
described: above. ~
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. Table 7: Serum Enzyme Activities of Yusho Patients.

| - Adult ‘| Infant. yopn e
- Enzyme’a b sssn ) rrs l).ufo{"gggé Method .
. gor. | 24019 § 12 36423 s~0 | Auto Analyzer .

: _ GPT s 2 |0 20, s~ { Auto Analyzer =
Lactic Acld Dehydrogenuse |2 amies | s 24 |iw~sn | Cabaud-Wroblewski (5)
Basic Phosphorynase ©bes wasas)ouT maras BT ITRE Auto Analyzer (

' . ' : A (Modifiedg§ind-King
A=~Adult . Method .

I-Infant

% - Enzyme unit is as follows.
GOT, GPT: Karmen.Unit -
" Lactic Acid Dehydrogenase: Karmen Unit.
Basic Phosphorynase: - King-Armstrong Unlt.

‘Teble 8: 17-Ketosteroids of Yusho Patients.
A: total 17-Ketosterolds. |

. n [ . X+ S.D. - INQPmai Rm@

Female Adult B 57t amg 2y 4~12 meavhyp
Male Adult ~ 13 7.3£2.8 ' 718 -

Patients
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- .Table 8: .Continued: -
- InMvidual Determination of. 17-ketosteroids.
:;: 1
- ]
. 1 . 1O t O
R 5o ©° ¢ o o & O
5. <. 1 g L0 (5T g
' ~ T4 -0 0. O~ T g o~ o
a« E L] OO0 | Bh® <t <q
L E O TOWm el QP S olm) N~
(‘HE gPeE<< P a0 P P
NN < O~ [Fagpes N Ao - (&3]

',' B yr oimerdt | 0.0mgdt|  o.0mgal] o6

L] £’ 0.12 R URH ' 0.05 N

ow| M =n 0.2t 0.17 0.09 0.8

ZEIM oM , Y 0.1% 0.06 0.06 0.4

. : g 2 —

: r:: F 35 XP m'?.g 0.09 0.15 i .13 1.7
0 {‘ o 6.0 0.06 0.12 0.09 2.0
a { 3 " 9.9 0.05 X 0.13 0.09 2.6
. M 3. 2.3 011 : 0.10 T oo 0y

F- Female M- Male
% - It should correspond to the total amount of

17--ketosteroids, but due to contaminated dyes,
+ 1% becomes larger than the total of
- Asf Et4 DHA. .

Thé-fradtional deterﬁination of 17-ketosteroid was
carried out as foilows. Urnne was hydrolyzed by shaking with
éthyl acetate*cpntaihiﬁg-perohlorio acid, and“the freed sterolids
wereAextraéted with.dithoromethane,_ Its neutrél fraction was
purified using a'ﬁreparétive)t
developed by -a (1:1) mixture of benzene and etbyl acetate.. The -
_purified steroid mixture was Quantltatlvely analyzea by a gas
chromdtographlc method using oholestepo; as an internal standard,
:to determine fhé.amouhts of androsteréne, éﬁiocholanolone_ (479)
and dehydroandrosferbne:(Unpublished:- by Junji NAGAI and

Michiyo FURUKAWA).

. Tfanslator's Note: . Added byvthevtranslafor,

thin layer plate of SiGel H (Merck)
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The\results are given in table 8. High values ofj

© the Et/As ratlo of. both male and’ female Yusho patients are

o

\
)

quitevsignifieant.--This 1is perhaps to show that an_adreno-

. cortical hypervfunotion took place in the patients. .

:IT. qFRUM LIPID ANALYSIS.
As described earlier, the lipemia of Yusho patients

vas the most sipnlfioant charaoteristlo of this disease.

'Therefore, the authors examined the patients' serum lipid in
grept detail., . |

'l.> ernum Cholesterol, Phospholipids and Trlglyoerides.

From the patients whose Yusho symptoms were oonfirmed
by clinical diagnoses, serum samples were‘withdrawn and theA
three title oomponents-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 triglycerldes were found in larger quantities than normal._.

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

due to hypertriglyceridemia.

2, Serum Lipoproteins.

In .order to oonfirm the .above oonelusion, filter paper

° -

‘electrophoresis of the patients"serum was conducted by Durrum

and others! methods); and its lipoproteins were dyed with
011 red 0", and the ratio of‘Agéc lipoproteins was determined
by‘a<oolorimetrio method. As shown in.table‘lO, the /5%&3

- 1ipoprotein ratio was remarkably higher than the normal ratio

of 1.2-2.5. Horeover, the high values were found to be pro-

portional to the'high velue of total serum lipids. This may

s -
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also'be taken-as“evidence for the serum,triélyceride increase
in Yusho patients._. | _ |
Se Carbohydrate Adminlstration and Serum Free Fatty Acids.

| Sinoe Yusho was estimated to be not only a kind of
‘skin dlsease but also a disease caused by a total metabolism
disorder, the authors examined the . patients' metabolism of
carbohydrate by administerlng a carbohydrate substance.

| Follow1ng the routlne method of carbohydrate ad- -

‘ministration, SOg of* glucose was given orally, 1mmediately after
a control gserum sample was withdrawn from the patlents at thelr
fastlng periods.f Blood samples were taken at 6Q, 60 90
l?O 150 and l8O mlnutes after the administration oi the carbo-
‘hydrate,_f " their blood sugar was determined by the glucose

2), and blood sugar curves of Yusho patients

oxidation method
were obtained.'_i

Sincelfree serum.fattylacids.eiist in a very close
relationship with serum cérbohydrates, free~fatty.acids in’
‘serum samples‘withdrann atlfasting and after 60, 120, and 180
mlnutes following the admlnistration of glucose were determined.'
The free ‘fatty acids: ‘were determined as follows. .The serum
_sample was extracted with chloroform, and the acids extracted
were methylated with diazomethane and ‘the esterified 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 accompanled

free serum fatty.aclds are_shown in table"ll. When the blood
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sugar increased'by administration of glucose, serum fatty acids
'decreased and as the blood sugar value approached :f the
standard value at the fastln&,;the free serum fatty-acids.

approached.  the standard value at the fasting.’

et b 8 i

Table 9: :Sezpm LiEide~of.Yueho Patients

: Llpids © T S.D. Normal Me thod -
Cholesterol = 181343 1%;@0\\51\.”
Phospholipids 2 8.1+18 - 5~ 10°°  Baumann"

TI"lE, yecerlides = 18964  $0~130 . . Blankenhorn @t al 4)

‘% - Analyzed only of adult patients.
The flgures are shown In the unit mg/dl

. Table 10: Serum Lipoproteias of ‘Yusho Patiggts.~

o i Ratio of | - Total
Subjects /¢, Lipo- - Serum
T Pﬂ?éteinS' o Liplds
* Normal | ‘Male 26 yr. | 1.9 - ) 620 mg/a1 ¢
| | Female 24 yr. 2.0 700 mg/dl
Yusho Male 35 yr. 3.5 1000
e Female 60 yr. 4.4 875

¥ - Determined by the method of de l1a Huerga et'a18),
and this method glves approximate values only.,
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Fractuation of Blood Sugar and Free Serum

Fatty Acids after Administration of Glucose'
to: Normal Adult.

Subject

“Analyzed
Festing

12

£
]

B
—

After Administration {min,)

wale -

’ r .
48 yrs.| Frog eqpum Fattyl o |

- Table 12:

o
~N

Blood‘su.a

Unit is mg/dl.

0 | e % .. a0 | 10 | 180
134|628 ‘ 128 104 l 88
= a0 l - 2 =y a4

Fractuatlon of Blood Sugar and Free Serum

Fatty Acids after Administration of Glucose

Type ~ Patients

to Yusho Patients.

Ttems of Analysis

) - ‘ After . : :
Fast-  Administration (min)

»1ng L 30 60+ 90 120 150 180

T . F-24 Blood Sugar Free . ' # : B s w19 9 %
A yr_ - Serum Fatty Acids 22 i
. IR 08 ng o0 0 105 12
M§§4 : . (same) B9~ B3 = 12— o0

=58 a 88 : 8 w? 34 93 Hr 'ous.
. , yr- (‘S me) 28 L —- s — 19 — 2.9
B ‘M-39 { same ) 8  TUi07 102 108 125 pi3 | Ul

A

300 . — 15— 144 — 119

(480)
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in a certaln number df ceses of'Yﬁsho patients;
Qnedrly the same tendency of changes as 1n the normal cases was
. observed but many cases of abnormal'fractuations were also
.feund: HoweVer, ‘Nno case of excess blood sugar ‘was found 1n
Yusno patlents when glucose~was administered. |
| Although the mode of blood sugar fractuation.efter
administration ef‘giuCOSe to Yﬁsho'patients.varied a great.deel,
they could be roughly classified into two groups, A and B. |
‘Namely, in the group A of table 1a blood sugar change was¢>
»qulte similar to normal cases, but the serum free fatty acids
; did not decrease even after the administration of glucose. |
In the type B blood sugar change, the sugar value.
-never neturned to the fasting Derlod.standard-value even
after 180 minutes of glueose administration, and it increased
further .= than the standard value. However, in group B, the free
serum fatty acid7vaiue changed just'esvthe nonmal_casesf“
| Tt was quite significant td find that the patients'
free serum fatty acid level was as hlgh as 1.5-4 Limes the’
normal specimen, regardless oi the type of fractuatlon of blood
sugar after administration of glueose, and_that the'amount of
.its deerease after glucese edministfetion was also much nighef
fthén the norﬁal specimen; | |
4, Fractuatlon of Each Free Serum Fatty Acid after Adminis-'
tratlon of Glucose.
The individual fatty acids examined are. myristic

acld (014 0)s palmitic acid (C16 o), palmito-oleic acid (C1g:1)

4
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lhstearic acid (Cis:o)’ oleic acid'(Clérlj‘and linolic acid (61832),
and-thesehare the‘major fabty acids,found:as nornal serum .
free fatty acids. - |

~Since the total free fatty'acids in-the‘patients serum
. were unusually 1srge, and these large total amounts also were
found to vary considerably, it was felt important to check how
the amounts of incividual serum fatty acids fractuate. Ine
div1dual fatty qcid was determined separately as described
earlier, using a gas chromatographic method. |

Table 15 shows the fractuation of a normal specimens
It reveals that the magor 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 seme serum free fatty qcid fractuation as that of thel
normal specimen, that is, drastic decrease of oleic acid by o
glucose administratlon and some decreases of both myristic
acld and linolic acid. On the_other hand, the other case of‘
group A showed,an increase of free~serum'fatty acld after ad-.
ministration of élucose, and‘particularl&_the'increases of

palmitic acid and palmito-oleic acld were 'significant.
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Table 13: Fractuation of Each Frée'Fatty Acid in Serum
~ of Normal Adult after Admlnistration of

-Glucose (Male 48 yrs )

NEI
"

Unit in mg/dl of each fatty scid.

gour] gf 4 ' Clu Cico ‘ Cien I_-C‘I ‘ Ciee 1 Cian T 92
! 3.3 08 | 07 1 19 26 0.1
After Kﬁmin, eom OJ 2.6 0.6 L0 4§ 18 0.6 1.0
120 -] 0.4 25 0.4 0.7 13- L4 0.7
180 2l o6 32 0.7 Lt 1.6. 0.7 0.7
Unit in mg/dl. )
' Table 14: Fractuation of Rach Free Fatty ‘Acid in Serum of
- Yusho Patients after Administration of Glucose.
. (481)
Type Patients | Hour = '
’ : ‘ of : ’ -
7 galeinﬂ . CI;IH 1 G - Crenn Cino Ciay Cinz
Female asving . 2.1 6.6 1.4 18 5.7 21
24 yr. - After AGmin. oM |-2s | 81 | 24 3.0 s’ L7 .
. . S 2.2 87 21 | 27 6.2 1.9
A . ) B 180! 28 .7.9 2.1 35 . 6.4 2.4
: - 2s ¥ 33 1.2 20 {31 13-
Male 1 R I N 23 29 0.7
34 yr. _ : 1. o a2 ] o0 s | i 0.3
150 1 .5 . 4.3 - 0.4 2.1 2.0 . 0.5
. ' Y 140 ] . 18 Y 6.1 25
Female : A ol 1 324 13.7 1.8 4§ 44 | o1
. 38 yr. : ) 120~ 334 1. 98 2.0 3.9 T 4.0 1.3
B . wo!' ] 22 ] es | o 3y 36 26
. . ' - s 1.2 ] s 2.2 4.0 © 6.9 2.4
' . - ooM-1 24 4 &8 ] 13 27 3.4 14
Male . ' : ot 1 e . 67" 1.2 2.8 3.9 12
39 yr. . wot - f 16 s8 | 2. 2.7 2.3 49
. . : . R . 4

A=t o
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In.group B, deCreases of both palﬁitic acid and oleic
acld were clearly shown in both cases, and stearie acid also
appeared to be in the decreesing tendency..‘

5. Total Fatty Acids in leples of Yusho Patients.

The major symptom of ihsho 1s a pimplen-like>
appearance of the patients faces, and as described previously,
abnormal fatty acld metabolism has been confirmed in.this
- disease. Therefore;'two seps of anaiytical data of fatty acids
were compaped' one of the Yusho patlents’pimples and the other
of ordinary pimples. In all cases, the "core”t* of the pimple
was pressed-out but sincs 1t was extremély difficultito
collect a sufficient ouantity for analysis from one patient,
samples of ordinery pimples were collected from several score
- people and .the samples of Yusho patlents were collected from
members of one and the same family. Pressing out the ”cores“
of the:patients’pimples was ‘done twice afterua certain time
1nferVﬁ1 and tﬁe co]lected "ecores!" of pimples.were placed in a
(2:1) mlxture of chloroform and methanOl and‘stofed in'a cool
. place. The amount s collected?ﬁere approximately 200 mg. in
bothfgroups.;> | | |

' Extractiocn of fat was conducted by'homogeniiihg_toe

"sores" of pimples with a (2:1) mixture of chloroform:methahol

% - Translator's Nobte: a papilla, a comedo, a |
blackhead, & carbuncle or a pustule. ' No parti-
cular distlnction is made by the authors.

R - ranqlator's NoLe' The authors use a word "center"
or "heart". :
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.using a glass hOmogenizer, and the homogenate was filtered and -

Uthe fiitréte wa$ oombined\with»the stofage'solutioh previously
desoribed.~vThe combinod fat extract solution‘was.evaporated
below 4C°C under a nitfogen atmosphere,-and the résidué was
‘saponified usiné‘a 5% methépolic"potassiﬁm hydroxide. Fatty
acid'liberated was extracted &nd methylated by.tho foutino
method,>and the eéter.mixﬁufe was analyZed'byla gas chromato=
graphic method. - Eﬁen though-thé largest amount of samples.

‘possible wvas collected as previously described, the amount

obtained for the final analysis Was insufficient to do.anythinél

: beyoﬁd.oomparative analyoes of the total fatty:acids.‘

| The analytioai resulfé ére ohown'in tabIeoIS; Evén
when.only’sompleS'of the same family Wefe.combioed_for'the
analysis, the fatty gcid compositions varied depehding on,wheh'
ﬁhé Samples Wore collected., :Nevertheless,_thero was un-
doubteoly aVVery clear différéncé between the fatty acids of
Yusho]patients‘pimples and those of ofdinary bimples..'

l  ‘ "Namely, stearic acid and oleic écid were rich’in
YuShobpimpleo and particulaflyjiinolic acid, which could hot
.be detected in“common pimples by”gas.ohromafograpﬁy; was
detected at fairly high concéﬁtratio‘n in Yusho pimples. On thie
other hand, - palmitic acid  and pélmito-oieic acid were -

detected.in.YUSho pimples at relativély 10w_conCentfétion.




.-Table 15: Total Fatty 1cids of "Pimples"‘of Yusho

Patients.

) Sam pl e : N I : :‘_:\ ‘.C|l:| ' ' -CI‘:° . l Cl‘:l . ‘ Cll:’l ‘ . CII::— -' ' CI.:I B
Common Pimples . ™% s l a2 17.0 131 | 165 -
a Shﬁsglmgéﬁgnng' 10 - 21 | 107 16.6 s | e

2nd - sampling 83 1 2.4 61 12 2s | s

The figures are 9% of each fatty acid. .

In summary, the C
'_ in l{nsho pimples, but the Cig acids, particularly ‘the un-.
‘saturated ClB acide, were detected at high concentrations.'p
Gas chromdtographic determination of cholesterol in
Yusho end ordinary pimples revealed that the former contained
"nearly ten times.ee much cholesterol es | the latter pimples,
but the‘dheolute ﬂuantity of the cholesterol could not be
determined. UV‘spectroscopypindicated the presence\of,a

‘sterol" type substance with a.conjﬁgated double”bond<system

1g Fatty acids were found in low concentretions

(482)

in Yusho pimpleifatty'subetance fraction{ but its'identificetion,

could not be doneldue~to:the'lack of a sufficient amount of

p ' o [ TR . - - : L i "‘:'w:t{:'
© samples. I A PR R R e ) '

ITI. SUMMARY.

The following facts were found to be abnormal, when
.YUeho patients’various clinical testing samples were analyzed.

These are listed below with brief discussions._‘
(1) A slight inerease ofda-Qﬂobulin was found in serum
proteins, but 1lts signlficdnce remains unknown.

\\\ 7\‘

(2)  Except for a very slignt decrease of potassium, serum .
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elecprolytes appeafed,to be normal. The cause of this slight
decrease of'potassium is alse unknoﬁn} |

(3) The serum iron content was found lewpr than usudl end

this may be attributed simply tc one of the genefal phenomena

of chronic hepetitis. - |
‘(4)-'Even though.the serUﬂf*o(-emino-nitrogen remained 1in the
normal range of_concentratien 'urihary aminoacid excretion was
very large in Yusho patients, and partlculdrly the excretion of
1eur1ne and glycinp were abnorma]ly large. This may be
>attPibuted to a result of a defense action by the liver.

(5) _As to the eerum enzyme, trahsaminase activities, and perti-
‘eularly the GOT aetivity of infaﬂt patients, were fOuha to be
At an éWQVeted level. Alkaline.pbosphatase activitiee were &lso
Inund at the upper limit of the normel renge. These findings
indicate. thet some l;ver disorders bLook place owing to-
chlorobiphehyls} and theAinfeﬁts had higher susceptibility

,tO. L tbee&-chlo%eomnbonnﬁq.e However, in all casee serum
bilirubin remainpa »ithin a normal range. |

‘(6)“ The auantity of daily excretion of urinefy.17-kefesteroids
remained nofmaliin both mele and female{patients.‘ However, the
ratio ef eticcholénoione.againSt endrosterpne’was auite high

in the case of Yusho petients, indicating thﬂtvchlorobiphenyl
induced excretion of adrenal hormones;direetly or indifedtlyx

' .(7).eWhile eefum'chdlesterol and phosphelipide were found within
vthé normal renve,itviglyoerides were detected in an increased
auqntlty. Innroa~a of a ratio of,%ﬁf serum lipoproteins was

n]qo d@féﬂu . The cause of the ‘increase of serum tPl&lyCePldes
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in Yusho 1is still hdt_dlear.

(8) The blobd;sugar curves could be classifiedfinto.ndrmal
'and'ébnOTmal types after tﬁé administrstion of glucose{ After
three hours;in the latter type, the blood sugar quéntity was
‘larger thun 2t the fasting period.‘ But in Both groupé none
showed the symptom of"exéess blood sugar afﬁsr adﬁinistering
“glucose. | |

(9) Free fatty 2cids after administration éf gluccse were
found to be normal. However, absoiuﬁe qﬁantities of fﬁee
‘serum faﬁﬁy ecidé both.at fasting_and'afterhglucoée administration
were of cpﬁréé much 1argeﬁ thanvthe normai specimen., In-some
ééses, the free serum fatty acidé maintained their high level
ng}a fln& oériéd, even &fter glucosé administrétioh;- |

(10) When individusl fatty.acid of free serum fatty acid

mixturs of Vushc~patieh£s was analyzed, palmitic acid was found
to decrease ouipe rémarkably after-admiﬁistrati&n of glucose.
From this finding, ﬁt.was reaSonabl& condlﬁded'that oné-of'the.
causes of increase of free serum fatty acids 1n YUbho dlsease
was an accumulation of paln:tlc acld.

11) then total fatty a01ds-of'"p1mples", which are the
‘characteristic "“1n symptom of Yusho disease,.vwere analyzed
'the'percentagé of Cyg fattygacids,wpartlcularly unba;urdted
018 acids, was foﬁhd ﬁuCh higher than that'ih ndrmal pimplés.“
»Also the cholostcro] conient was high 1n plmples of Yusho.

It is 1nterest1n5 to know how these abnormalities
are felated tc abnormal 11p1d_metabollsm in the human body.

caused by chlorobiphenyls. The éuthors expect more will be
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revealed along this line in the future.:

The éutﬁdrs>thank Professor Shibanﬁsuke Kachiki,
head of the ?ﬁsﬁéiéisease reéeaﬁéh teaﬁ of Kyushu University,
Professor Kénfarw Higuchi, héad Qf:the éliniéal sedtion of
.the team.for,their'guidénce,iDr. Ouan Goto of the Dermatology
tabéfatoriés of this medical school fér,his.valuablevclinical
samples, Dr. Jﬁn Okumura of Internéi Medicine Labofatories of
- Kyushu University for his useful suggesﬁipns in the planning
methods of clinical anélyses; meribers of the Centrél.Clinical
Laborétory of Kyushu Uﬁivefsity for tﬁeir cooperatioﬁ, énd
© Miss Kaoru Figuchi for her assisfance in eranging theV

analytical data.
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1Addiﬁion‘(to the section on Serum Enzyme) Choline Esterase

Activity.

Choline esﬁerase (CHE) activiﬁies of serum and
red blood'cérpuscles_(erythrocyﬁes) of Yusho patients wgfe
: determined by a modified method §f S. Hestrin (J.fBiol.:Chem.
180:249, 1949). 1The-avefagéivalue and their standard,deﬁi-
étion of‘fqur cases weré as.fdlloﬁsw |
| Serum Ch?' 11.64 0. 8 (Normal ranéé is 10-15, and.
~ the unit is shown by a number of P'M of acetic acid produced
‘by degradatlon oi acetjl choline w1th O 05 ml of serum,in one -
hour). | '

Red -Blood Corpusdle ChEg: 55.41:1;5 (Normél range’

s SC—BS, and the unit ié‘showp by a number in mg of acetyl,
choline ‘decomposed by red blood:oorbﬁécles contained in 1.ml
of whole blood within 30 minuteS) |

~As '‘shown by these data, both choline esterase uctivitles
were foﬁnd within the normal ranges and. no abnormallty could

-be detected.




