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ONCHOCERCIASIS :
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DATA AND REACTIONS ELICITED BY
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Abstract: Parasitological, haematological, immunological and clinical examinations
were carried out on 29 Guatemalan patients with onchocerciasis. The patients were given
diethylcarbamazine (DEC) treatment (5 mg/kg/day for 7 days) and then examined clini-
cally the adverse reactions at 3, 12, 24, 48 and 72 hours after the initial administration of
DEC. The essential features of the adverse reactions elicited by DEC administration were
pruritus, rash, pain, lymphadenopathy and edema. The severity of those reactions
was found to be roughly proportional to the eosinophil counts in blood and/or the serum
level of Onchocerca volvulus-antigen specific IgG.

InTRODUCTION

Since Mazzotti reported that diethylcarbamazine (DEC) produced rather severe
adverse reactions in the patients with onchocerciasis (Mazzotti, 1948), difficulties
have been experienced in the use of DEC in mass treatment. The reactions were
especially dangerous if the patients were heavily infected or debilitated (Buck, 1974;
Fuglsang and Anderson, 1974; Bryceson et al., 1977). Hawking (1952) reported
that these reactions were presumably due to the destruction of microfilariae with the
liberation of antigens which excited allergic response in patients. Garner et al.
(1973) reported that the damaged microfilariae of O. volvulus or their products were
not toxic when injected into normal animals, and therefore it was unlikely that
these reactions were caused by themselves alone. There have been some haemato-
logical and immunological studies on the pathogenesis and the mechanisms of
inflammatory reactions in the patients with onchocerciasis following DEC admin-
istration (Rodger, 1962; Henson et al., 1979; Guerra-Caceres et al., 1980). However,
little is known on the relation between laboratory data before drug administration
and the adverse reactions elicited. The present study aimed at the clarification of
this point.
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MATERIALS AND METHODS

Twenty-nine male patients were from the plantation “San Pedro Corona” in

Chicacao Suchitepequz located southwest of the endemic area of onchocerciasis in
Guatemala. Their age varied from 16 to 70 years old (average; 36.1 years old).
Two skin snips were taken from the left scapular and iliac regions by a Holth type
corneoscleral punch. Microfilarial density (MFD) was expressed as a total number
of microfilariae (mf) emerged from two 10 mm? skin snips. Of these patients 24
were positive for microfilariae of O. volvulus by skin snip (mean MFD, 77.2[two
10 mm?), and 22 were positive for onchocercoma by palpation. The patients were
classified into following four groups according to MFD; negative, low (1 to 50 mf),
moderate (51 to 100 mf) and high density (101 and more) groups. They were
treated with a single dose of pyrantel pamoate (Combantrin) at the dosage of 10 mg/kg
body weight in order to expel intestinal parasites three weeks before the administration
of DEC. All patients were admitted to National Amatitlan Hospital in Guatemala
during treatment and examination period. Just before DEC administration, a total
number of white blood cells (WBC) per cubic millimeter of blood from cubital vein
was counted by conventional method and differential cell count was assessed in the
smear after Giemsa staining. The O. volvulus specific IgG was assayed by enzyme-
linked immunosorbent assay (ELISA) using adult O. volvulus antigen before the
initial dose of DEC. The amount of serum IgG was represented by optical density
(OD).
The procedure was described elsewhere (Korenaga et al., 1983). The patients were
then given the oral dose of DEC (Hetrazan) at 5 mg/kg/day for 7 consecutive days.
The adverse reactions were checked at 3, 12, 24, 48 and 72 hours after the initial
administration of DEC. The reactions were classified into following four groups
according to the severity.

No reaction (0): No recognizable signs and symptoms.
Mild reaction (+): Pruritus alone.
Moderate reaction (++): More than two clinical manifestations among pruritus,
rash, pain and lymphadenopathy.
Severe reaction ({}): Edema and at least one of the following clinical manifes-
tations; pruritus, rash, pain and lymphadenopathy.

The association between systemic complications and laboratory data was studied
by using measures of association for I xJ Tables in “Discrete Multivariate Analysis:
Theory and Practice” edited by Bishop et al. (1975).

REsuLTs

Table 1 summarized the chronological changes in the clinical manifestations
during DEC treatment. The essential feature of the clinical manifestations during
DEC treatment were shown as follows; pruritus, rash, pain, lymphadenopathy and
edema. Twenty-six of 29 patients experienced one or more of these manifestations.



233

Table 1 Frequency of elicited signs and symptoms during DEC treatment

Hours after the beginning of DEC treatment

Sign and symptom

3 24 48 72
Pruritus 16 (55%) 25 (86%) 18 (62%) 10 (34%)
Rash 3(10%) 17 (59%) 17 (59%) 15 (52%)
Pain 1 (3%) 10(34%)  9(31%) 9 (31%)
Lymphadenopathy 2 (7%) 10(34%)  9(31%) 7 (24%)
Edema 1 (3%) 11(38%) 14 (48%) 12 (41%)

Of 29 patients 25 experienced pruritus during this observation period, among them
16 complained the itching within three hours after the first dose of DEC (559%,).
At 24 hours, this rate reached the maximum (869,). After 48 hours, the number
of patients with pruritus gradually decreased. Only in a few patients rash, pain,
lymphadenopathy and edema were noted at three hours, while at 24 hours, the
frequency of these manifestations reached 59, 34, 34 and 38 per cent respectively.
Even after 48 hours, the frequency remained rather high. The pruritus appeared
at various regions such as the face, neck, upper body and upper limbs. The rash
was localized in the chest, scapular regions and upper limbs in most patients. The
lymphadenopathy was noted more frequently in the inguinal region than the axillar
one. The edema was localized in the face, chest and upper limbs, and when it
appeared on the face, it was markedly severe than that in the other parts.

The relation between MFD and the severity of those adverse reactions is shown
in Table 2 (V=O.391, 6N[\A7]=0.154-). Out of 11 patients with high MFD, six
experienced the severe (1), four experienced the moderate (+}) and one patient showed
mild () reaction. Of 13 patients with moderate and low MFD (1-100), five showed
severe reaction.

- Table 2 Relation between the microfilarial density and adverse reactions seen
in DEC treatment (29 patients)

Grade of reaction

MFD* No. of case

0 + H %
0 5 1 3 1
1-50 10 2 1 4 3
51-100 3 1 2
100< 11 1 4 6

* Number of microfilariae in two 10 mm? snips.

Among five cases of the microfilaria negative group, four patients showed no or
mild reactions. The total number of WBC of the patients ranged from 7,000 to
18,000/mm? (mean; 9,79042,290/mm?) before DEC treatment. Of 11 patients
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whose WBC counts were 10,000/mm3 or more, 4 (36.49,) showed severe reaction ().
On the other hand, out of 18 patients with WBC counts less than 10,000/mm?3,
7 (38.99,) showed severe reaction (Table 3; V=0.374, &m[\Al]r—O.lSl). Eosinophil
counts in the all patients were higher than the normal level, ranging from 660 to

Table 3 Relation between the WBC counts and reaction

Grade of reaction

WBC counts/mm?®  No. of case

0 + 3 H

<8,000 7 3 3 1
8,000-10,000 11 2 3 6
10,000< 11 1 2 4 4

Table 4 Relation between the eosinophil counts of peripheral blood and
reaction

Grade of reaction

Eosinophil counts/mm? No. of case

0 + H H
<1,000 4 1 3
1,000-2,000 12 2 3 5 2
2,000< 13 2 2 9

Table 5 Relation between the number of neutrophil counts of peripheral blood
and reaction

Grade of reaction

Neutrophil counts/mm? No. of case

0 + H L
<4,000 8 3 2 3
4,000-5,000 9 3 3 3
5,000< 12 2 5 5

Table 6 Relation between the number of lymphocyte counts of peripheral blood
and reaction

Grade of reaction

Lymphocyte No. of case

c‘ounts/mm3 0 + H H
<2,000 10 , 4 5
2,000-3,000 10 1 2 4 3
3,000< 9 2 2 2 3
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4,250/mm3 with the mean of 1,9704-900/mm3. Nine (69.29%,) of 13 patients whose
eosinophil counts were 2,000/mm?3 or more showed severe reaction, while only 2
(12.59%,) of 16 patients with eosinophils less than 2,000 showed severe reaction (Table 4;
V'=0.483, &a[V] =0.120). A slight association with statistically significance between
the severity of adverse reaction and the neutrophil counts was indicated (Table 5;
V' =0.428, 4.[V]=0.130). On the contrary, as seen in the Tables 6 (V=0.260,
d@[\A/']=O.150), there were no apparent relation between the severity of adverse

reactions a :d lymphocyte counts.
The relation between the serum IgG levels of patients and the severity of reactions

after DEC administration -is shown in Figure 1. The average OD values+SD of
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Figure 1 Relation between O. volvulus-specific IgG and reaction.

no, mild, moderate and severe reaction groups were 0.76+0.30, 0.864-0.20, 1.03 1
0.20 and 1.254-0.20, respectively. The mean OD of 9 urban control sera in Gua-
temala was 0.184-0.09. Ten (90.99,) of 11 patients who experienced severe reaction
(4#) showed higher OD (over 1.0). Only one of five patients with mild reaction (+)
showed higher OD. In two of three patients without reactions, OD was near 1.0.
As the OD for the onchocerciasis specific IgG increased the severity of adverse reactions
after DEC administration tended to increase.

Discussion

Although there were some reports which dealt with the change of blood eo-
sinophil counts after DEC treatment in the patients with onchocerciasis (Guerra-
Caceres ¢t al., 1980; Money, 1969), none of them described a relation between the
severity of reactions elicited by DEC and eosinophil counts before treatment. In
this study, we clarified that the patients with high eosinophils showed severe adverse
reactions. Of four patients with the eosinophils less than 1,000/mms3, nobody showed
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severe reaction ({}). The eosinophil counts in blood is thus likely to be used in
predicting the severe reactions in the patients with onchocerciasis following DEC
administration. With regard to the role of eosinophil in filarial infection, Spry
(1981) reported that the eosinophils released their granule products in response
to the presence of microfilariae in the patients with filariasis, and these products
could induce local or systemic reactions. In the tissues, the accumulation and
degranulation of eosinophils occured in patients with onchocerciasis around micro-
filariae or adult worm which were damaged by DEC treatment, and this could give
rise to some of the clinical features of the Mazzotti reaction (Guerra-Caceres et al.,
1980; Mimori, in press). By DEC treatment, neutrophil counts increased and
the relation between clinical manifestations and neutrophils has been discussed
(Henson et al., 1979; Sakamoto and Zea, 1983). In this study, a slight association
with statistically significance between systemic complications and neutrophil counts
was observed. However, lymphocyte counts in blood before DEC treatment were
within normal level in most patients, and were not related to the severity of adverse
reactions. ‘

ELISA clarified the relation between the serum level of O. volvulus-specific IgG
and the severity of adverse reaction. The higher the OD of serum samples, the higher
was the severity of reactions. However, three patients with higher level of IgG did
not show severe reactions. Various factors would be involved in these cases, such as
anti-complement factors, poor antigenecity, acquisition of host antigen, immuno-
tolerance and blocking antibodies (Henson et al., 1979). Greene et al. (1983)
reported that very high pretreatment circulating immune complexes (CIC) levels
were associated with an increase of ocular and systemic complications. The present
study revealed that high eosinophil count in blood and/or high serum level of IgG
were indicative laboratory data for severe adverse reactions caused by DEC treat-
ment. A special precaution should be taken to treat such patients.

In the present study, the essential features of the clinical manifestations after
DEC treatment were pruritus, rash, pain, lymphadenopathy and edema. The
number of patients with pruritus, rash, pain, lymphadenopathy and edema reached
the maximum at 24, 24, 24, 24 and 48 hours, respectively. The number of patients
who complained of itching was decreased at 72 hours, while the other clinical mani-
festations remained stationary. Bryceson et al. (1977) reported that adverse reactions
mentioned here appeared half an hour to 12 hours after DEC administration and
continued for minutes, hours, or days.

Taylor et al. (1980) reported that pruritus appeared within 12 to 36 hours, the
rash started between days 1 and 3 in most cases, lymphadenopathy and edema.
occured between days 3 and 7. Our results observed are essentially similar to that
of Taylor et al.

There are some reports which described that the severe reactions occured in
the patients with heavy infection of O. volvulus (Buck, 1974; Fuglsang and Anderson,
1974; Bryceson et al., 1977; Martinez and Tello, 1952). On the other hand, Greene
et al. (1983) reported that pretreatment skin microfilaria counts showed a weak
correlation with the total number of ocular and systemic complications after DEC
treatment. Our study showed that six of 11 patients with high MFD experienced
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severe reaction (#4), and as many as five out 13 patients with moderate and low
MFD showed severe reactions. The patients with high MFD tended to show severe
reactions, although some of the patients with low or moderate MFD showed severe
reaction. This finding suggests that the number of eosinophil counts, serum im-
munoglobulin level such as IgG and IgE and the circulating immune complexes are
more important factors than MFD, which predict severe adverse reactions by DEC
administration.

ACKNOWLEDGMENT

This study was supported by the Overseas Scientific Research Grants No.
57041041 from the Ministry of Education of Japan. We wish to thank Dr.
H. A. Gody, Director de Servicio Nacional de Erradicacion de la Malaria, Ministerio
de Salud Publica, Guatemala, and his colleagues for their kind cooperation. We
also highly appreciate Dr. T. Suzuki, JICA, for his encouragement and Dra.
Mariantonieta of Amatitlan Nacional Hospital for the kind cooperation.

Appreciation is also expressed to Dr. T. Yoshimura, University of Occupational
and Environmental Health, Kitakyushu, Japan, for his helpful criticism and sugges-
tions in the preparation of the manuscript.

REFERENCES

1) Bishop, Y. M. M., Fienberg, S. E. and Holland, P. W. (1975): Discrete Multivariate Analysis:
Theory and Practice. 385-387, The MIT Press, Cambridge, Massachusetts and London.

2) Bryceson, A. D. M., Warrell, D. A. and Pope, H. M. (1977): Dangerous reactions to treatment
of onchocerciasis with diethylcarbamazine, Br. Med. J., 1, 742-744

3) Buck, A. A, (1974): Onchocerciasis: Symptomatology, Pathology, Diagnosis, WHO Geneva.

4) Fuglsang, H. and Anderson, J. (1974): Collapse during treatment of onchocerciasis with
diethylcarbamazine, Trans. Roy. Soc. Trop. Med. Hyg., 68, 72-73

5) Garner, A., Duke, B. O. L. and Anderson, J. (1973): A comparison of the lesions produced in
the cornea of rabbit eyes by microfilaria of the forest and Sudan savanna strain of Onchocerca
volvulus from Cameroon, II. The pathology, Z. Tropenmed. Parasit., 24, 385-396

6) Greene, B. M., Taylor, H. R., Brown, E. J., Humphrey, R. L. and Lawley, T. J. (1983): Ocular
and systemic complications of diethylcabamazine therapy for onchocerciasis: Association with
circulating immune complexes. J. Infect. Dis., 5, 890-897

7) Guerra—Caceres, J. G., Bryceson, A. D., Quakyi, I. and Spry, C.J.F. (1980): Studies on the
mechanisms of adverse reactions produced by diethylcarbamazine in patients with onchocerciasis-
Mazzotti reaction, Parasit. Immunol., 2, 121-131

8) Hawking, F. (1952): A histological study of onchocerciasis treated with Hetrazan. Br. Med.
J., 1, 992-99%

9) Henson, P. M., Mackenzie, C. D. and Spector, W. G. (1979): Inflammatory reactions in
onchocerciasis: a report on current knowledge and recommendations for further study. Bull,
WHO., 27, 429-148

10)  Korenaga, M., Tada, I., Lujan, T. A., Sakamoto, M., Zea, G. F., Castro, J. C. and Yarzabal, L.
(1983): Enzyme-Linked Immunosorbent Assay (ELISA) in the detection of IgG antibodies in
onchocerciasis using blood collected on filter paper. Jap. J. Parasit., 32, 16-24

11) -Martinez, B. M. and Tello, P. R. (1952): Modificacionnes en la eosinofilia de los oncocercosos



238

consecutivas a la del ‘Hetrazan’. Medicina (Mexico), 32, 497

12) Mazzotti, L. (1948): Posibilidad de utilizar como medio diagnostico auxilar en la oncocercosis,
las alergicas consecutivas a la administracion del ‘Hetrazan’. Rev. Inst. Salubr. Enferm. Trop.,
9, 235-237

13) Mimori, T.: A histopathological study of the skin and nodule during the course of diethy-
lcarbamazine treatment in onchocerciasis, Jap. J. Parasit., (in press)

14) Money, G. L. (1969): ‘Hetrazan’ eosinopenia in onchocerciasis. A preliminary communication. -
J. Trop. Med. Hyg., 63, 238-241

15) Rodger, F. C. (1962): A review of recent advances in scientific knowledge of the symptoma-
tology, pathology and pathogenesis of onchocercal infections. Bull. Wid Hith Org. 27, 429-448

16) Sakamoto, M. and Zea, G. F. (1983): The change of blood picture of patients with oncho-
cerciasis following administration of diethylcarbamazine. Trop. Med., 25, 47-50

17) Spry, C.]J.F. (1981): Alterations in blood eosinophil morphology, binding capacity for com-
plexed IgG and kinetics in patients with tropical (filarial) eosinophilia. Parasit. Immunol., 3,
1-11

18) Taylor, H. R., Greene, B. M. and Langham, M. E. (1980): Controlled clinical trial of oral and
topical diethylcarbamazine in treatment of onchocerciasis. Lancet, 943-946

Diethylcarbamazine j5EFFIC BT B4 ¥t Vv HIEBRE DK B &
IBENTREREDBRICONT

WA B =F 2Rk ER-ZH 07
Zea, G.F. - Castro, J.C.

X7 75< B0 Y3t HERE9%ICOWT DEC (Smg/kg/day 7 Af) THEHL, D
BRICBC 2BRBOBE LIERINICBI2BRERELD, BRI 2HEKBOBREEZTH L,
BENOELRINIERER, &EBE, RS, Bk ) Uof#iER BETHo-7, Thoid DEC 5
KEBRERRIETHE EEL oM, CThoRERRICOBER & ERITORBRBEOBERITE L
TREMMPOFBEREY O. volvulus-antigen specific IgG & ORICRWHERASH, BELEC
hoDBREOBEVBECREABEREMDLELEZ ohi,

1 ElAYRESEEHEFEEREEM 2 BERFEZREFLMRFEEE 3 /77~ 70
<25 ) 7HEERRF a s ‘
AR I EENFZHAETRICK 5T



HARBESLSME $125 #4145 1984 239-246F

239

MHBREEN b F 2 BR O FA HURGLIRE

RE BT RBJIES? -k B
WAS9E6A21H Bft/WMSEI0AI6H 2B

& B

AV FVYFCBIIEMOEER, BLHWEER
EEHSH U RN 5 A TR, BEXT (1975
) %, FBHOBEDPEBICAHER>ZED
A%H, WHhWER—b e C—F LU THREL,
KEUHBMELZ - T3, BFdickiizh
et FLBERFEL LU TAEEZERICNARD,
—BREEBBD ST 5, bBETIZ19754E
TP a2ERO —RINAY B W TLEE,
19834 3 HR F CTICNARRIIL 74778 1KEL
TWb, MBETIXITHEG6H, NEILBESH
HEICSSHZDR T F A BRSEE L OBEANT
HBhH, 19788 9 A ihiE4 BALE O B A4+
FHRBEBRRTF v 2 —T b > 2 BEO—EIL
BHEAKEIH, DIRIEF TICIE~RL 0334 2L
REA3NTEIN,

NP FARBRICHEL, LORMENEE
LTOAHIRTH Y, TIEEBRE LEEDN
BESNMD-T, BROBERELIHADATH
%, BILChoBR &HITRPENE AT,
RAEBOEREEEEZ 5 EBELZ OIS,
MERROBETRE—DHE#F BT 28T
Y, NbFrBENELTSIEIHEEDLOE
TTHEN, Th—BREERFEDATNIZES
i, ZRESE, LECKBER RIS AR
BTbH5. A MERRF Y 2 -TREROR
REMEL, BEEOZIBEN Sovic, BER
¥, EREBBRICIT->T0AY, EE51320
DEHAERORELHALG LTS, ARRXIICH

ETORREZ LY, MERITONTERLED
DTH b,

A A K

AEXIITHE9 BH 519824 7 Hopliciibh
oo MLEFEEEBICEROBREIZENE L
T, AFEREAY HEUWIKTbh 3 5B EICT
W, £DEE REH, MERAEHEETER
(REHN) kTHEHZESRHKE, MGL #%, RREAN
WS REEHRA L CRE L, FRETORE
iz MGL 2, 3 — P2l ChEE
Uloo BtEHEROREIZFEIRLBICHEER
PoEML, EERHEEX AFRBICE > T
oo BREROBEITFOBMB LT V>~ B
MEBRENUCEASIE L, T, BhEog
ER4#RREFEOHRTRICLY, EINCTRES
B, B#ER 1D AHCERELT > TRES
ZHE LI,

] ®

L WEHFLELE ,
662 DBRELITL, £DN4M4LE (67.1%) i
18 LOFEERLZEDI (F1) , ARITH
mF6R (H&, $m3m, @h, Eadh), £
BH2E (UME &M, EH4R), RuF2E
(BX%H, KFRE) OHIBTH-72, TDS
LHIBEERMER OBV ORESRT, RIOTHR,
BRBOMETH Y, ZDOMBOFLERDEERIT
FUEL, &85, BRAFOFLERIIBUTT

1 MiBRAEFENER T901-12 phi@E K Bk B i 552085
2 MERRPEZWELBZHE  T03-01 2B EET 5w 8207
IMEBRTHEZWRS T903 MBI BT S B R 1-23-3



240

Table 1
Okinawa Prefecture

Prevalence of intestinal helminths in Vietnamese refugees residing in

Year of examination 1977 1979 1980 1981 Total
No. of persons examined 79 329 198 56 662
No. of persons infected
(Incidence, %)

Ascaris lumbricoides 49 173 119 32 373
(62.9) (52.6) (60.1) (57.1) (56.3)

. Trichuris trichiura 17 86 29 12 144
‘ (21.5) (26.1) (14.6) (21.4) (21.8)

Hookworms 2 60 45 15 122
(2.5) (18.2) (22.7) (26.8) (18.4)

Strong yloides stercoralis 0 10 3 2 15
(3.0) (1.5) (3.6) (2.3)

Hymenolepis nana 0 0 3 0 3
(1.5) (0.5)

Taenia saginata 0 0 1 0 1
(0.5) (0.2)

Fasciolopsis buski 0 1 0 0 1
(0.3) (0.2)

Clonorchis sinensis 0 0 0 1 1
(1.8) (0.2)

- Total 53 208 141 42 444
(67.1) (63.2) (71.2) (75.0) (67.1)
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Figures 1-3 DParasites found in the feces of Vietnamese 'refugees. 1. Taenia saginata proglottid
(X 7). 2. Fasciolopsis buski egg (xX460). 3. Clonorchis sinensis egg (% 1,760).

Table 2 Prevalence of intestinal helminths in Vietnamese refugees by age and sex

Male Female ' Total

Age group No. of  Positive No. of  Positive No. of  Positive
persons rate persons rate persons rate
examined (%) "~ examined ' (%) : examined (%)
0-9 75 66.7 74 51.4 149 591
10-19 LY 74.2 47 68.1 ‘ 194 72.7
20-29 133 73.7 , 81 64.2 214 - 70.1
30-39 46 65.2 25 48.0 ' 71 59.2
40-49 17 70.6 10 80.0 27 74.1
over 50 4 50.0 3 33.3 7 42.9

Total 422 71.3 240 59.6 662 67.1
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Table 3 Prevalence of intestinal protozoans in Vietnamese refugees

Sex of refugees Male Female Total
No. of persons examined 185 89 274
No. of persons infected
(Incidence, %)
Entamoeba coli 6 7 13
(3.2) (7.9) (4.7)
Endolimax nana 18 13 31
9.7) (14.6) (11.3)
Giardia lamblia 8 2 10
(4.3) (2.2) (3.6)
Total 30 20 50
(16.2) (22.5) (18.2)
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PREVALENCE OF PARASITES AMONG VIETNAMESE
REFUGEES RESIDING IN OKINAWA PREFECTURE,
JAPAN

Ryujt Asato!, HipEo Hasecawa2 AND TsuvosHI IKESHIRO®
Received June 21 1984/Accepted October 16 1984

Parasitological surveys were carried out on the fecal and blood samples from the Vietnamese
refugees living in the Motobu House for the Vietnamese, Motobu, Okinawa, Japan. Intestinal
helminths were detected in 444 (67.1%) of 662 refugees examined. Ascaris infection was the most
prevalent (56.3%), followed by Trichuris (21.8%), hookworms (18.49%) and Strongyloides (2.3%,) infec-
tions. Hymenolepis nana infection was observed in three cases, and Taenia saginata, Fasciolopsis buski and
Clonorchis sinensis infections in each one case. In almost all age groups, the prevalence was over 50
per cent, and incidence of infection was higher in males than in females. In general, the condition of
helminthic infections in the refugees resembled those reported in the urban areas in South Vietnam.
Intestinal protozoans were observed in 50 (18.2%,) of 274 persons examined. Endolimax nana (11.3%),
Entamoeba coli (4.7%) and Giardia lamblia (3.6%) were found but E. histolytica was not detected. Malarial
parasites and microfilariae were not demonstrated in the blood samples from 311 persons although three
cases of benign tertian malaria have been recorded among refugees in the house. The significance of
these parasitic infections in the health of Vietnamese refugees and the influence to the public health
status of the inhabitants living around the refugee camp were discussed.

1 Okinawa Prefectural Institute of Public Health 2 Department of Parasitology, School of Medicine,
University of the Ryukuys 3 Okinawa Prefectural Cooperation of Preventive Medicine
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PURIFICATION AND CHARACTERIZATION OF
PHOSPHODIESTERASE FROM THE VENOM OF
AGKISTRODON ACUTUS (CHINA)

Hisavosur SuciHARA, Tosuiakr Nikai, Yumiko Komori, HisaTto KATADA,
NosuaIRO MoORI AND MiTsuHIRO KiIsHIDA

Received May 25 1984/Accepted Nobember 11 1984

Abstract: Phosphodiesterase was isolated from the lyophilized venom of Agkistrodon
acutus from China using gel filtration on a Sephadex G-75 column, followed by chroma-
tography on diethylaminoethyl (DEAE)-Sephadex A-50, carboxymethyl (CM)-Cellulose
and Affi-Gel Blue affinity. Homogeneity was established by the formation of a single
band in acrylamide gel electrophoresis, isoelectric focusing, sodium dodecyl sulfate (SDS)
acrylamide gel electrophoresis and immunodiffusion. Phosphodiesterase . activity was
inhibited by ethylenediamine tetraacetic acid (EDTA), ethyleneglycol (B-aminoethyl)
N, N, N’, N’-tetraacetic acid (EGTA), o-phenanthroline, cysteine, thioglycolic acid,
glutathione or p-chloromercuribenzoate (PCMB) but not by soybean trypsin inhibitor
(SBTI), limabean trypsin inhibitor (LBTI), egg white trypsin inhibitor (EWTI),
benzamidine or trasylol. The molecular weight of this enzyme was determined to
be approximately 140,000 and the isoelectric point was found to be pH 7.4 by isoelectric
focusing with carrier ampholyte. The phosphodiesterase activity of the final preparation
was 2,190 units/mg. This protein was unstable to heat treatment and stable between
pH 7 and 12. Its michaelis constant (Km) and inhibition constant (Ki) values for p-
nitrophenyl thymidine-5'-phosphate or EDTA were found to be 1.6x103M and
5.8 x 1075M, respectively. This protein did not contain any carbohydrates.

INTRODUCTION

Snake venoms contain many enzymes that hydrolyze phosphomonoester,
phosphodiester bonds, arginine ester, casein and adenosine triphosphate. Among
venom phosphodiesterases, exonuclease is one of the most extensively studied enzymes
and is used commonly for the degradation of nucleic acid. Substrates for this
enzyme are DNA, RNA or any polynucleotide chains. Boman and Kaletta (1957)
reported that the venom of Crotalus adamanteus has three different exonucleases whose
activities are parallel to those of DNAase. Suzuki e/ al. (1960) showed that there
were three different fractions of exonuclease from the venom of Agkistrodon blomhoffii
blomhoffii. Philipps (1975) isolated a phosphodiesterase from Crotalus spp. venom.
The molecular weight was 115,000. In this paper we describe the purification and
characterization of the phosphodiesterase (Aa—p) from the venom of Agkistrodon
acutus.

Department of Microbiology, Faculty of Pharmacy, Meijo University, Tenpaku-ku, Nagoya, Japan
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MATERIALS AND METHODS

Dried venom of Agkistrodon acutus from China was purchased from Japan Snake
Institute (Gunma). Sephadex G-75, DEAE-Sephadex A-50, ampholytes over the
pH range 3.5-10 and Whatman CM-52 Cellulose were obtained from Pharmacia,
Uppsala, Sweden and Whatman Biochemicals Ltd., Madistone, Kent, U. K., re-
spectively. Affi-Gel Blue was purchased from BIO-RAD Laboratories. p-
Nitrophenyl thymidine-5'-phosphate was obtained from Carbiochem-Behring
Corporation, La Jolla, CA., U.S. A. Molecular-weight protein standard kits was
purchased from Boehringer manheim GmbH. Deoxyribonucleic acid (Salmon
Sperm) and Ribonucleic acid (Yeast) were obtained from Wako Chem. and Sigma,
respectively. Monovalent antivenin (Agkisirodon acutus) was a product of Institute
of Biologics, Shanghai. Other chemicals used were of analytical grade from com-
mercial sources.

Assay for phosphodiesterase activity

The assay is essentially that of Razzell and Khorana (1959) where the reaction
velocity is determined by an increase in absorbancy at 400 nm resulting from the
hydrolysis of p-nitrophenyl thymidine-5’-phosphate. The reaction mixture con-
tained 0.01 m/ of enzyme, 0.9 m/ of 0.11 M Tris-HCI buffer, pH 8.9 containing
0.11 M NaCl, and 5 mM p-nitrophenyl thymidine-5'-phosphate in a total volume
of 1.0 m/. This was incubated for 5 min at 37°C. One unit of phosphodiesterase
activity was defined as the amount of enzyme which hydrolyzed 1 x mole of substrate
per min.

Determination of molecular weight

The molecular weight was determined by polyacrylamide gel electrophoresis
using the method of Weber and Osborn (1969). Protein standards were Hexamer
(336,000), Pentamer (280,000), Tetramer (224,000), Trimer (168,000), Dimer
(112,000) and Monomer (56,000). Sample and standards were treated with 5
per cent sodium dodecyl sulfate and reduced with 1.5 per cent mercaptoethanol for
3 min at 100°C and run on a polyacrylamide gel.

Isoelectric focusing

Isoelectric focusing was performed on a LKB ampholine electrofocusing column
of 100 m! using carrier ampholyte (pH 3.5-10). One¢ milligram of Aa—p, previously
dialyzed against a 1 per cent solution of glycine, was placed in the center of the
column. Isoelectric focusing was performed for 72 hr at 4°C by applying 500V/
column. Two milliliter fractions were collected and the pH value of the fractions
was measured at room temperature immediately after the experiment.

Amino acid composition

Amino acid composition of the carboxyamide-methylated phosphodiesterase
was determined with a Hitachi high speed automatic analyzer, Model 835 Th.e
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sample was hydrolyzed with constant boiling HCl at 110°C. A minimum of three
analyses from 24, 48 and 72 hr hydrolysates were used.

DNAase and RNAase

Hydrolysis of DNA and RNA was determined by the method of Suzuki et al.
(1960).

Other methods

Phosphomonoesterase, 5’-nucleotidase and ATPase activities were determined
by the method of Suzuki and Iwanaga (1958) and Suzuki e al. (1960). Proteinase
activity determination was carried out according to the method of Murata et al. (1963)
using casein as substrate. TAME hydrolase activity was determined by the method
of Roberts (1958). Clotting activity was determined according to the method of
Sato et al. (1965).

ReEesurLts aAnp Discussion

Isolation

All fractionation steps were performed at 4°C. One g of crude venom was
dissolved in 5 m/ of 0.04 M Tris-HCI buffer containing 0.01 M NaCl (pH 7.2), and
centrifuged at 7,000 rpm for 30 min. The supernatant was applied to a gel fil-
tration column of Sephadex G-75 (2.5x99 cm) equilibrated with the same buffer
(Figure 1-A). The fraction 1 and 2 were combined, and applied to a column of
DEAE-Sephadex A-50 (1.9X45 cm) equilibrated with 0.04 M Tris-HCl buffer
containing 0.01 M NaCl (pH 7.2). The column was developed with a linear gra-
dient from 0.0l to 0.6 M NaCl in a total volume of 600 m!/ (Figure 1-B). The
fraction 1 was dialyzed against 0.01 M acetate buffer containing 0.01 M NaCl
(pH 6.0), and applied to a column of CM-Cellulose (1.9 X 45 cm) equilibrated with
the same buffer. The column was developed with a linear gradient from 0.01 to
0.3 M NaCl in a total volume of 600 m/ (Figure 1-C). For the final step to obtain
phosphodiesterase, the phosphodiesterase fraction (indicated with screen) was dialyzed
against 0.01 M Tris-HCI buffer containing 0.01 M NaCl (pH 8.5), and applied to a
column of Affi-Gel Blue (1.2x13.6 cm) equilibrated with the same buffer. The

Table 1 Summary of purification of Aa—p

Protein Units/mg  Relative Total Yield
(mg) activity activity (%)
Crude venom 1,000 13.3 1.0 13,300 100
Sephadex G-75 362.9 39.6 3.0 14,371 109
DEAE-Sephadex 42.5 312.5 23.5 13,281 101
CM-Cellulose 15.9 772.5 58.1 12,283 93

Affi-Gel Blue 1.2 2,190.0 164.7 2,628 20
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Figure I A: Sephadex G-75 gel filtration
Agkistrodon acutus venom was applied to a column (2.5X94 cm) of Sephadex G-75

equilibrated with 0.04 M Tris-HCl buffer (pH 7.2) containing 0.0l M NaCl and 3 ml
fractions were collected at a flow rate of 13 ml/hr.

B: DEAE-Sephadex A-50 column chromatography

The phosphodiesterase fraction (peaks 1 and 2 in A) was applied to a column (2.0 X 48 cm)
of DEAE-Sephadex A-50 eqilibrated with 0.04 M Tris-HCI buffer (pH 7.2) containing
0.0l M. The column was eluted with a linear gradient from 0.0l M to 0.6 M NaCl
(=+—— Y in 600 m! of the buffer. 8 ml fractions were collected. The flow rate was 12 ml/hr.
C: CM-Cellulose column chromatography

Peak 1 in B was applied to a column (1.5x 45 cm) of CM-Cellulose equilibrated with
0.01 M acetate buffer (pH 6.0) containing 0.01 M NaCl. The column was eluted with a
linear gradient from 0.01 M to 0.3 M NaCl (-+—-) in 600 m/ of the buffer. 3 m/ frac-
tions were collected. The flow rate was 12 ml/hr. '

D: Affi-Gel Blue affinity column chromatography

The phosphodiesterase fraction (tube numbers 190-260 in C) was applied to a column
(1.2% 13.6 cm) of Affi-Gel Blue equilibrated with 0.01 M Tris-HCL buffer (pH 8.5)
containing 0.05 M NaCl. The concentration of NaCl was raised as indicated 3 m! frac-
tions were collected. The flow rate was 12 ml/hr.

column was developed with a stepw1se elution of 0.05 M, 0.2 M and 0.5 M NaCl
(Flgure 1-D).



251

Figure 2 Ouchterlony immunodiffusion of Aa-p. Wells a, b, ¢, d, € and f contained 10 p/ (1 mg/ml)
of Aa—p from Agkistrodon acutus, Center well contained 10 ul of monovalent antivenin
(Agkistrodon acutus).

The final preparation was subjected to disc electrophoresis on polyacrylamide
gel and immunodiffusion. The sample gave a single band, suggesting purity of the
preparation (Figures 1-D and 2). The final preparation was designated Aa-p.
The extent of purification and the yield at each step are summarized in Table 1.
The values are the mean of six independent determinations. Hundred and sixty-five
fold purification was attained from the crude venom.

Properties of Aa—p

The molecular weight of the purified Aa—p was 140,000 by SDS gel electrophoresis
and the isoelectric point was 7.40. Its amino acid composition is shown in Table 2.
The material contained relatively large amounts of aspartic and glutamic acids, which
together constituted nearly 24 per cent of the total amino acid residues. Pho-
sphodiesterase, DNA and RNA hydrolysis activities were found in the purified Aa-p
preparation while none of the phosphomonoesterase, 5’-nucleotidase, ATPase,
TAME hydrolytic and casein hydrolytic activities present in the crude venom.
Aa—p did not contain any carbohydrates. The effects of incubation with some re-
agents (5 min, 37°C) were tested on the phosphodiesterase activity of Aa-p (0.04 pg
protein/10 pl). This activity was inhibited by EDTA, EGTA, cysteine, o-phen-
anthroline, PCMB, glutathione or thioglycolic acid, but not by SBTI, LBTI, EWTI,
benzamidine or trasylol. Phosphodiesterase activity of this final preparation was
completely lost upon heating at 70°C for 10 min (pH 8.5). The enzyme at a con-
centration 0.04 pg/10 ul was incubated at 4°C for 12 hr at varying pH values and
the enzymatic activity was then determined. The enzyme was stable in the pH
range 7-12. The effects of some divalent ions on the phosphodieterase activity
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of Aa—p was also determined. The enzyme (0.04 xg/10 ul) and divalent ions in
0.11 M Tris-HCI buffer, pH 8.9 containing 0.11 M NaCl were incubated for 5 min at
37°C. The phosphodiesterase activity was activated with the presence of Cat**
(5 mM) or Mg** (10 mM) but inhibited by Cu** (10 mM) or Mn** (25 mM).
The michaelis constant (Km) for p-nitrophenyl thymidine-5’-phosphate of Aa-p
at pH 8.9 was 1.6 Xx10-3M. The inhibition constants (Ki) of PCMB (2 mM) and
EDTA (0.08 mM) for Aa—p were determined by measuring the initial rates of hydro-
lysis of p-nitrophenyl thymidine-5’-phosphate at pH 8.9. The Ki values of PCMB
and EDTA for Aa—p were 1.4x10-3M and 5.8 X 10-3 M, respectively.

Table 2 Amino acid composition of Aa—p

Amino acid 24 hr 48 hr 72 hr Cor® Normali- Nearest
value (nmol)  zation integer
Asp 4.236 4.402 4.445 4.405 4.788 177
Thr 1.840 1.758 1.723 1.901 2.066 77
Ser 2.854 2.644 2.413 3.070 3.337 124
Glu 3.386 3.423 3.450 3.420 3.717 138
Gly 3.418 3.516 3.577 3.504 3.809 141
Ala 1.988 2.121 2.154 2.088 2.270 84
Val 1.356 — 1.389 1.373 1.492 55
Met 0.348 0.247 0.379 0.325 0.353 13
Ile 1.206 1.232 1.288 1.242 1.350 50
Leu 1.521 1.565 1.602 1.563 1.700 63
Tyr 1.190 1.298 1.155 1.210 1.315 49
Phe 0.991 0.995 1.044 1.010 1.098 41
Lys 1.463 1.539 1.509 1.504 1.635 61
His 0.458 0.470 0.458 0.458 0.498 19
Arg 0.930 — 0.903 0.920 1.000 37
Pro 1.612 — 1.613 1.613 1.753 65
Cys/2 1.870 2.087 1.704 1.889 2.053 76
Trp? 20
Total 1,290

a) The hydrolysis values for threonine, serine, glycine and leucine were extrapolated to time
zero.

b) Tryptophan content was determined by the spectroscopic method of Edelhoch (1967).

Venom phosphodiesterase has been isolated by many investigators and the
enzyme has been widely utilized as a tool for structural and sequence studies of
nucleic acids (Ho and Gilham, 1973). Phosphodiesterase are present in the venoms
of Crotalidae, Viperidae, Elapidae, Hydrophiidae and Coluburidae (Kocholaty
et al., 1971 ; Mebs, 1970; Setoguchi et al., 1968; Tu and Toom, 1971), but show little
or no phosphodiesterase activity in the venom of Bungarus family. Frischauf and
Eckstein (1973) reported the purification of phosphodiesterase from the venom of
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Bothrops atrox and characterized it as a basic protein with an estimated molecular
weight of 130,000. Philipps (1975) purified a phosphodiesterase from Crofalus
adamanteus venom. This enzyme has molecular weight of 115,000 and the isoelectric
point was pH 9.0. Our value of 140,000 is in good agreement with the values
reported for phosphodiesterase from other venom sources and these preparations were
glycoprotein, although Aa—p did not contain any carbohydrates. These enzymes
from Agkistrodon acutus and other venom sources hydrolyzed p-nitrophenyl thymidine-
5'-phosphate and were strongly inhibited by EDTA or o-phenanthroline, suggesting
that metal is essential for enzyme activity. Moreover, this activity is also inhibited
by cysteine suggesting that the s—s bond is essential for activity.
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2E = (BIREX « BFH)
VF (BREX - FhR)
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267

HBTEMH o, IS5 BRPEERO BHE, S
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