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II. Examinations on the protective immunity to the common liver fluke, fasciola in
rats, using immunosuppressants or diffusion chamber techniques
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Table 1 Measurements (p) of the Diplo-

gonoporus specimen*®.

segment

length 955 4+ 95

width 17800 +271

thickness 600 L+ 35
distance between

two genital organs 4500 4 95

genital organ and nerve trunk 2240 4+ 141

g.o. and excretory canal 1390 +190
thickness of

tegument 1.9+ 0.6

tegument cell layer 443+ 7.0

cortical parenchyma 89.24+ 20.5

longitudinal muscle 74.7+ 7.3

transverse muscle 35.04 8.4

medullary parenchyma 108.04- 21.8
nerve trunk, diameter

dorsoventral 69.4+ 6.5

horizontal 86.44+ 9.1
cirrus sac

length 286.14+ 18.1

width 24044+ 6.9

wall thickness 6.5+ 3.4
seminal vesicle

length 11734 5.1

width 87.34+ 8.8

wall thickness 19.24 9.5
testis, diameter

dorsoventral 455+ 7.5

horizontal 62.1+ 10.7

* expressed as mean-+standard deviation.
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Figure 1
organs.

Figure 2
eosin.

Figure 3

ga, genital atrium;
parenchyma;

transverse muscle; ts, testis;

opening,
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Stained with alum carmine.

¢, cortical parenchyma;
gp, genital pore;
sv, seminal vesicle;

uo0, uterine opening;

A part of the strobila no. 2 near its maximum width showing four rows of genital

x 2.8,

Transverse section of the strobila no. 1.

% 67.

Sagittal section of the strobila no. 1.

% 67.
Abbreviations

Stained with Mayer hematoxylin and
Stained with Mayer hematoxylin and eosin.

co, cirrus opening; cs, Cirrus sac;

Im, longitudinal muscle; m, medullary

t, tegument; tc, tegument cell layer; tm,

vt, vitellaria; vo, vaginal

1971) &%, CThoORREME &L OB, 40
DIEMO B AW S M ThV, SRIOEMTS, K
FHROBENEMPREZOMOIERZVEL T
T EWIFERIE RV,

KEFE&REI s 2V 5 BHFELED D. balaen-
opterae (Lonnberg, 1981) »EREMIZX BT & %
Wb s (Rausch, 1964; FHH, 1967), HEM
B 5w agkd D. tetrapterus (v. Siebold,
1848) HBAMKRFET A HEH & H 5 (Rausch,
1964), 4RO FERITHEBKENT &, ERR
DAFRFEL—FEEE LS, FHORYR
BeHfl anwl &, WHHRRGKEWC LR LD
T D. tetrapterus & V{3 D. balaenopterae 1AL
o AMEFLEODOREELR—HT B LT
RIZGEMAEHBOT, SHEOBENSEILOR
KR4 d D. guandis & FE L 7zo



4HOREREL, HEAFXEHBEEERIAR
HHNTHEH, WHOH14EDEIIKED, Al
NTOMRHEEEEIRTCOZTIhD3EEBZ 3
tnbhd (Wardle and Green, 1941), ZDC
Lo, RELBRERRFBSHRATHEILIZE
LTh, ThoRI~TA—AEEE»S Lh%
W, SFiIchENA 2,38 3¢ BERAMEBOHER
OBRFHEML THBDTED WM 41
T3, —H, BEOHEE,SE-T, HEFLED

L& EERBTE R\,

BYIRIT DWW TR RO BIEFRE & Atk icH
S THEEWY, FREOBREVHELEERT
FEL Tt w) EEE, BEOREMMER
FEFIAPERE H A D ICHE Lo FFR I d L <4
LTtwnwa el tn?d (Figure 4), K
BRAVADTVEROGHE, v "4V RoHK
PORICBRETIBENEZN D ELBDNE, &
o R - cOMEIR, EHEELBRTIE

Table 2 Cases of Diplogonoporus infection, recognized after 1971.

patient

worm

width

no. reference locality age sex length (mm) scolex
(cm)
56 7 Shizuoka 62 m 300 6 —
57 13 Nagasaki 33 f 154 13.5 +
58 13 Nagasaki 40 m 468 12.0 —
59 13 Nagasaki 38 m 458 18.0 —
60 2 Shimane 41 m 130 9 —
61 3 Ehime 41 m 130 7 —
62 16 Shimane 68 m 12 5 —
63 16 Tottori 38 m 370 13 —
64 16 Tottori ? ? 138 14 —
65 16 Tottori 36 m 56 11 +
66 16 Tottori 45 m 114 10 —
67 16 Tottori 38 m 16 8 —
68 16 Tottori 29 m 313 13 —
69 16 Shimane 40 m 470 21 -
70 16 Tottori 36 m 132 8 —
71 16 Tottori 53 m 237 5 —
72 16 Shimane 50 m 226 11 —
73 4 Ehime 72 m 60 7 —
74 11 Shizuoka ? ? 117 25.0 -
75 11 Shizuoka 52 f 492 18.5 —
76 11 Shizuoka 41 m 310 8 —
77 11 Shizuoka 46 m 550 20 —
78 11 Shizuoka 50 m 115 12 —
79 11 Shizuoka 42 m 96 7 -
80 - 11 Shizuoka 51 m 116 7 +
81 11 Shizuoka 31 m 215 17 +
82 15 Nagasaki 45 m 90 25 —
83 10 Kochi 70 f 85.1 55 —
84 10 Kochi 71 f 274.5 7.2 +
86 9 Oita 52 m ? ? -




Figure 4 Distribution by prefecture incidence of diplogonoporiasis.
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THE FOURTH CASE OF DIPLOGONOPORIASIS
IN KOCHI PREFECTURE

Hipeo Kumazawal, Norijr Suzukn
AND TosHIHIKO OKURA?
Received for publication 9 February 1981

A total of four fragmented strobilae, evacuated spontaneously on January 29, Febru-
ary 29 and March 18 in 1980, from a 45 year-old man living in Kochi Prefecture, were



identified as Diplogonoporus grandis (Blanchard, 1894) Liihe, 1899. They were from 111
to 494 cm in length, and from 13.0 to 21.5 mm in the maximum width, all with two rows
of complete genital organs, and three containing proglottides exhibiting supernumerary
genital organs. The scolex was absent. The patient suffered from diarrhea, abdominal
pain and borborygmus. Fresh raw fish was taken frequently by the patient. This is the
record of the fourth case from Kochi Prefecture, Japan.

1 Department of Parasitology, Kochi Medical School, Nankoku, Kochi 781-51, Japan, 2 Kochi
Gakuen College, Asahi-tenjin-cho, Kochi 780, Japan.
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EXAMINATIONS ON THE PROTECTIVE IMMUNITY TO
THE COMMON LIVER FLUKE, FASCIOLA IN RATS,
USING IMMUNOSUPPRESSANTS OR DIFFUSION
CHAMBER TECHNIQUES

YosHiHisa HasHIGUCHI
Received for publication 16 February 1981

Abstract: The current study was designed to obtain an information on the immune
factors which could be underlying the induction of protective immunity to the genus
Fasciola in rats, using immunosuppressive drugs and diffusion chamber technique. The
rats became resistant to challenge with the Japanese species of Fasciola following an oral
infection with metacercariae, indicating a significant degree of reduced worm burdens.
This protective effect in the immunized rats, however, was abrogated by the administration
of immunosuppressants, dexamethasone and prednisolone. In rats treated with these
drugs, no antigen-antibody band in immunodiffusion plate was recognized throughout
the infection, while many bands were observed in sera from the rats without treatment
with the drugs. From the results obtained, the antigen-antibody bands in diffusion plate
would be a good indicator to estimate the degree of protective immunity to the genus
Fasciola in host animals. By intraperitoneally implanting the immature worms in diffusion
chamber, the rats were able to induce a significantly high degree of protective immunity
when compared to the natural-immunity control. However, the degree of protective
effect was significantly high in rats which received free worm (without chamber) implan-
tation. In the experimental rats, each fraction of their serum proteins was also examined
by performing cellulose acetate electrophoresis. More detailed examination is required
to investigate the immune factors in the protective immunity to the fluke in rats, using
immunosuppressive drugs and/or diffusion chamber techniques in terms of host-parasite
relationship.

INTRODUCTION

The Japanese common liver fluke, Fasciola sp. indicates a similarity to F. hepatica
and F. gigantica in the migration and development in the final hosts (Ono and Isoda,
1952; Mimura, 1961), though its taxonomical status has not yet been established
(Watanabe, 1965). So far as is known, little immunological study on the hosts
infected with the Japanese Fasciola species has been carried out in terms of the pro-
tective immunity to the fluke. The protective immunity of rats against F. hepatica,
on the other hand, has been widely recognized (Hayes et al., 1972; Goose and
MacGregor, 1973; Armour and Dargie, 1974; Rajasekariah and Howell, 1977, 1978).
This immunity is induced not only by the oral infection of the normal or irradiated
metacercariae but also by the implantation of the different ages of the liver fluke in

Department of Parasitology, Kochi Medical School, Nankoku City 781-51, Kochi, Japan.
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rats (Thorpe and Broome, 1962; Eriksen and Flagstad, 1974; Anderson et al., 1975;
Rajasekariah and Howell, 1978). Moreover, the resistance of rats to reinfection with
F. hepatica is also stimulated by the transfer to naive animals with the serum
or lymphoid cells from infected ones (Corba ef al., 1971; Armour and Dargie, 1974;
Hayes et al., 19742, b; Dargie et al., 1974; Howell et al., 1977; Rajasekariah and
Howell, 1979). Thus, so far, the previous works have provided much important
information on the immunological factors involved. The factors, however, should
still be clarified to have a better understanding of the mechanisms which could be
underlying the induction of protective immunity to Fasciola in host animals.

In the immunizing infection with the subcutaneous implantation of immature
worms, 4 week-old, Rajasekariah and Howell (1978) have observed a significant
degree of resistance to F. hzpatica in rats. According to Lang et al. (1972), moreover,
the immunization with different ages (8 and 16 day-old) of worms produced a sig-
nificant reduction in challenge worm burdens when compared to natural immunity
(challenge) controls in mice. By subcutaneously implanting adult worms, on the
other hand, Eriksen and Flagstad (1974) and Anderson et al. (1975) also showed some
degree of protective immunity to challenge infection in rats, although Rajasekariah
and Howell (1978) could not recognize any protection following subcutaneous
implantation with the adults. In this immunity, but, the duration of liver migration
by young worms may be of greater importance in stimulating the protective im-
munity than is worm age (Lang, 1974). From these facts, anyway, there may be
several factors to induce protective immunity in relation to the age or liver migration
of immunizing worms in the host.

In the series of experiments reported hitherto, the observation seems to indicate
a complexity of the protective immune factors involved. The present study, there-
fore, attempts to stimulate the hosts (rats) by introducing living parasite contained
in a millipore diffusion chamber. In this method, a variety of soluble antigens
would become effective, but the inability of the liver fluke to infect the host would
reduce or eliminate all of the pathology usually associated with the infection, without
liver and/or bile duct migration of the worms. In addition, the current work is
designed to determine the effects of immunosuppressants on the induction of protective
immunity to the Japanese common liver fluke in rats.

MATERIALS AND METHODS

Anmimals. Male, around 250 g Wistar rats were used throughout the experiments.
They were fed a commercially prepared diet and received water ad libitum.

Parasites. All the Japanese species of the genus Fasciola metacercariae were
from the same batach. They were collected from experimentally infected Austro-
peplea ollula (Lymnea ollula) and administered per os to rats in normal saline, using an
injection syringe with a slender vinyl tube.

Immunosuppressive drugs. Dexamethasone (Merck Decadrone) and prednisolone
(Merck Codelcortone) were simultaneously administered into alternate thigh muscles
of rats beginning one day before immunizing inoculation of the metacercariae, and
continued every five days until necropsy. The dosage levels of these drugs are
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1 mg/rat in Decadrone and 5 mg/rat in Codelcortone.

Preparation and implantation of diffusion chambers into rats. Diffusion chambers
(Millipore Filter Corp., Bedford, Massachusetts) were made of diffusion chamber
ring (Plexiglass U-100, diameter: 10 mm, thickness: 2 mm) and millipore filter
(pore size: 14 y). They wére closed with millipore glue after introducing the flukes
in sterile saline; the immature, 25 day-old, worms isolated by peptic digestion from
stock-infected rats, were introduced aseptically into the chambers. Rats that were
to receive diffusion chambers were anesthetized with ethyl ether during operation.
The abdominal area of the rats was washed with 709, ethyl alcohol and a small
incision was made either to the right or left of center. A single chamber including
two worms was then placed intraperitoneally into each rat with sterile forceps. The
incision was closed with a sterile surgical suture and then the area was washed again
with 709, ethyl alcohol including iodine tincture. It was observed that 1009, of
the rats survived in these operations.

Experimental design. The experimental design consisted of three series. In
the Ist series of the experiment, the degree of protective immunity to the Japanese
species of Fasciola in rats was ascertained by the immunizing infection with the
metacercariae per os. In the 2nd, an attempt to induce the protective immunity was
made by intraperitoneally implanting the immature worms contained in diffusion
chambers, and then the recipients were challenged with the metacercariae. In
the 3rd, it was decided to assess the effects of immunosuppressants on the induction of
protective immunity to the liver fluke in the animals infected experimentally.
Student’s ““t” test was used to compare worm burdens between groups. Probability
values larger than 0.05 were not considered significant. The standard deviation of
the mean was calculated for mean worm burdens.

Autopsy.  All rats were killed 2 weeks after challenge infection with the meta-
cercariae, unless otherwise mentioned. In each examination the peritoneal cavity
was opened, and the surface of the liver and other visceral organs was inspected
for haemorrhages. The peritoneal surface was flushed with normal saline and the
washings were examined for free worms under a dissecting microscope. All of the
internal organs were removed separately, then washed with normal saline several
times to recover free worms. The liver and bile ducts were examined for migrating
immature worms and/or mature ones. The liver was minced with scissors in petri
dishes. In order to obtain the penetrating worms, the minced liver in saline was
incubated at 37 C for 2 hrs; the incubation revealed that the liver was free from
any worms.

Serum examination. Blood samples were collected weekly intervals by cutting
the tail part of rats. All sera were analysed with a cellulose acetate electrophoresis
cell (Model SE-2, Toyo Kagaku Sangyo) supplying constant current. ~Serum samples
were placed on a cellulose acetate membrane (Separax: Joko Sangyo Co. Ltd.), and
then subjected to 0.8 mA per 1 cm membrane for 50 minutes The dried strips of
cellulose acetate membranes were scanned in a Densitorol DMU-2 (Toyo Kagaku
Sangyo), and the relative percentages of albumin, alpha-, beta- and gamma-globulins
were determined. ' '

Double immunodiffusion. OQuchterlony plates were prepared by flooding 5 by
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11 cm slides with 9.5 ml of 0.99, agar. The central well was filled with the Fasciola
antigen and the other wells with serum samples of rats from each experiment. The
position of precipitin bands was recorded by drawings and photographs.

Worm antigen. Adult worms of the common liver fluke, recovered from the bile
ducts of stock-infected rats and stored at —20 C, were added to 10 volumes (W/V) of
phosphate buffer, pH 7.4. The worms were homogenized for 5 minutes at 4 C and
centrifuged for 15 minutes at 3,000 rpm. The supernatant was stored at —20 C
as the antigen for the agar double diffusion technique.

REsuLTs

Worm recovery from immunized and non-immunized rats 2 weeks after challenge. At
2 weeks after challenge all experimental rats had worms from immunizing infection
in their bile ducts. In this series of the experiment, the immunized rats received
challenge infection with the metacercariae 6, 7, 8,9, 10 and 11 weeks after immunizing
(lst) infection. As recognized in Table 1, the experimental rats harbored fewer
challenge worms than the natural-immunity control, apart from the rats received
challenge 11 weeks after immunization. The challenge (natural-immunity) controls
harbored 3.6 worms in mean number, whereas the animals challenged during 6 to 9
weeks after immunizing infection harbored only 0.7 to 1.5 worms. The percentage
immunity to the Japanese species of Fasciola in rats was calculated by the following
formula, C—1Ix 100, where C indicates 2 mean worm recovery of challenge control
and I shows a mean recovery of worms from challenge infection in immunized rats.
The challenge infection from 6 to 9 weeks after immunization, revealed a higher
percentage immunity ranging from 58.3 to 80.6 than the natural-immunity control.
These differences in worm burden are highly significant (Student’s ““t” test, P<
0.001), but the challenge at 10 weeks later had trended to indicate a gradual decrease
in the degree of protective immunity to the liver fluke in rats. Even in the rats which
received both immunizing and challenging infections, there was no difficulty in the

Table 1 Summary of the percentage immunity to the Japanese Fasciolaz in the rats im-
munized with 4 metacercariae each per os before challenge infection.

Times (wks) of No. worms recovered from challenge Percentage

No. rats  No. larvae

challenge after Immunity*
immunization used challenged Total Mean+s.d. (%)
6 5 25 4 0.84-0.40 77.8
7 5 25 4 0.840.75 77.8
8 4 20 6 1.5+1.12 58.3
9 3 15 2 0.74-0.47 80.6
10 3 15 8 2.74+0.47 25.0
11 3 15 13 4.341.25 0.0
Challenge control 5 25 18 3.64-0.49 —

* Percentage immunity was calculated by the formula, C—T/Cx 100 (Miller and Smithers,
1980)
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differentiation of the worms between the two infections, because of autopsy at the early
phase (2 weeks) of challenge infection. Thus, the results mentioned above have
demonstrated a significant degree of worm reduction from challenge, by the immuni-
zation with the Japanese Fasciola metacercariae per os.

Immunization by intraperitoneally implanting worms with and without diffusion chambers.
The induction of protective immunity which was observed by the immunizing infection
with the metacercariae per os, was examined using millipore diffusion chambers in
relation to the liver migration and/or the ages of worms. The rat immunized by
implanting worms was challenged 3 weeks after immunization, and autopsied 4
weeks after challenge. In the free worm implantation (without chambers), the
differentiation of worms between the immunizing and challenging infections was
performed according to the size of the worms recovered. In Table 2, the protective
immunity to the Japanese species of Fasciola in rats is shown by performing im-
plantation of the worms with or without chambers. In the experimental rats, the
immunized groups indicated a significant degree of protective immunity by the
immunizing infection (implantation) of the immature (25 day-old) worms in both
with and without chambers. The percentage immunity obtained by the before
mentioned formula, was 50.09, in the immunization with chambers and 88.29, in
that without chambers, respectively. In the worm burden, again, the immunized
rats harbored only 1.7 and 0.4 worms in the corresponding immunizations, whereas
the rats in sham operation and challenge control showed the worm recovery of 4.2
and 3.4, respectively. The differences found in worm burdens between the im-
munized, and the non-immunized (sham) and challenge control are highly significant
(P<<0.001), but there is no significant difference between sham operation and chal-
lenge control. With implantation of the worms contained in diffusion chambers,
the current study demonstrated a significant degree of protective immunity to the
Japanese Fasciola species when compared to the natural-immunity control. The
degree, however, was significantly higher (P<<0.001) in the immunization with free
worm implantation than that with enchambered worm; the implanted worms could

Table 2 Results of the induction of protective immunity by intraperitoneally implanting
the immature worms, 25 day-old, with and without diffusion chambers in rats.

Times (wks) Times (wks) No No. worms from Per-
Grou of challenge of autopsy rats No. larvae challenge centage
P aft. aft. u?e(si. challenged immunity
implantation challenge Total Mean+-s.d. (%)
Immunized*
With chamber 3 4 7 70 12 1.74-0.45 50.0
Without chamber 3 4 5 50 2 044049 882

(free worms)
Non-immunized

Sham operation
(chamber only) 3 4 5 50 21 4.2+40.75 0.0

Challenge control — 4 7 70 24  3.440.49 —

* Viable 3 worms each were implanted intraperitoneally in rats.
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survive 3 to 4 weeks or more in the diffusion chambers placed intraperitoneally in
rats.

The results of serological analysis on serum samples from the rats that received
worm implantation with and without chambers are shown in Figure 1, using cellulose
acetate electrophoresis. In the case, the percentage value of each fraction in serum
proteins was also determined in the samples from rats received sham operation,
taking the blood 2 weeks after operation. The values obtained were 53.543.45%,
in blbumin, 13.94-1.909%, in alpha-globulin, 6.84-0.25%, in beta-globulin and
19.54+0.659, in gamma-globulin, respectively, and the average of albumin per
globulin (A/G) ratio was 1.2+0.15. In comparison with the percentage values in
sham operation, the values in both groups showed a remarkably higher or lower
value in each fraction, demonstrating a great fluctuation. The weekly changes in
the values, however, were similar in the serum samples from the two experimental
groups. It was noted that the percentage value of albumin indicated an increase

10} A
(o] N N N . i .
1 2 3 4 5 6 7
Weeks

Figure I Weekly changes in each fraction of serum proteins in the
samples from rats received immunizing implantation of the
immature worms with (——) and without (-~~-) chambers.
A: albumin, B: alpha-globulin, C: betaglobulin, D:
gamma-globulin, E: A/G ratio, S: mean value of sham
operation with empty chamber 2 weeks later.
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after 3 weeks when the rats were challenged, showing the peak at 5 weeks after
immunizing infection. In agar double diffusion, almost all of the serum samples
showed only one precipitin band in the rats received worm implantation with
chambers, while 2 or 3 bands were observed in the samples from the animals implan-
ted worms without chambers (Table 3). It was noted that the number of bands in
the latter animals has increased gradually after challenge infection.

Table 3 Number of antigen-antibody bands appeared in agar double diffusion plate in
serum samples from rats immunized by intraperitoneally implanting the im-
mature worms with and without diffusion chambers.

scljgin Weeks after immunizing implantation
Group  samples

in each 1 9 4 5 6 ;

test

Immunized*
With *
chamber 5 1’ 1’ 1’ 1’ 0% l’ 1’ 1’ 1’ 1 1-’ 1’ 1! 0> 0 1) l: l: 1, 1 l; 1, 1; 1, 1 2, l; 1; 1, 1
Without
chambers 5 1,1,1,0,0 1,1,1,1,0 2,2,1,1,0 3,3,2,2,1 3,3,2,1,1 2,2,2, 1, 1

* The rats were challenged with Fasciola metacercariae 3 weeks after immunizing implantation
of 25 day-old worms with and without chambers.
** Number of precipitin bands appeared.

Effects of immunosuppressants on the induction of protective tmmunity. To determine
if the protective immunity observed would be influenced by immunosuppressive
drugs, the experimental rats which received immunizing infection with the meta-
cercariae per os, were treated with dexamethasone and prednisolone throughout the
experiment. The drugs were injected intramuscularly into the animals 5 day-
intervals. The rats received the immunizing infection were challenged 6 weeks later
with the metacercariae, and then necropsied 2 weeks after the challenge infection.
At autopsy all the experimental rats contained worms from immunizing infection in
the bile ducts. Table 4 shows the results of this experiment. In the immunizing
infection, the non-treated rats (Group II) with immunosuppressive drugs harbored
only 0.7 worms, whereas the animals treated (Group I) had 3.3 worms from challenge
infection. The percentage immunity of rats in Group II was significantly high
(P<0.001) when compared to both the Group I and natural-immunity control. No
significant difference, however, was recognized between Group I and the control.
These results demonstrated that the immunosuppressive drugs, dexamethasone and
prednisolone, could greatly suppress the induction of protective immunity against
the Japanese species of Fasciola in rats. In the immunizing infection (Groups I and
I1), antigen-antibody systems in the animals were examined by performing Oucht-
erlony technique. The formation of precipitin bands in agar double diffusion
plates is shown in Table 5. Each test was carried out at weekly intervals from 1 to
8 weeks after immunizing infection with the metacercariae. All the serum samples
in Group I showed no precipitin band throughout the experiment, while all serum



16

samples taken weekly intervals, apart from those 1 week later, in Group II produced
1 to 4 bands. In non-treated animals with immunosuppressive drugs, the bands
were first found at 2 weeks and reached to the peak in numbers at 6 weeks when the
challenge was performed, thereafter they had a tendency to decrease gradually in
numbers. No stimulation was recognized in the activation of antigen-antibody
systems in the rats by challenging infection during the period observed.

The results of serological analysis of the samples from rats treated with (Group I)
and without (Group II) immunosuppressive drugs are depicted in Figure 2. In
the examination of normal (non-infected) rats, the percentages of each fraction were
53.1£3.79%, in albumin, 18.742.009%, in alpha-globulin, 5.341.62%, in beta-
globulin and 18.94-5.009, in gamma-globulin, respectively, and the average of al-
bumin per globulin (A/G) ratio was 1.14£0.16. These average normal values are
also shown in the same Figure. The gamma-globulin fraction in sera from treated
animals (Group I) showed a consistently low percentage, while it represented a high
value in the animals without treatment as copared with the average normal value.
In other globulin fractions, there was a remarkable difference of alpha-globulin be-
tween both groups in the early time of immunizing infection during 1 to 4 weeks;

Table 4 Worm recovery from rats treated with (Group I) and without (Group II)
immunosuppressive drugs; all the rats received immunizing infection with 4
metacercariae each per os, and then challenged with 10 or 20 larvae each 6 weeks

later.
No. larvae No. worms from challenge Percentage
Group No. rats used hall v d immunity
chalienge Total Mean+s.d. (%)
I* 7 80 23 3.34+0.70 0.0
I1** 12 140 8 0.7+£0.62 79.3
Challenge control 17 220 55 3.240.81 —

* Dexamethasone (1 mg/rat) and prednisolone (5 mg/rat) were simultaneously injected into
alternate thigh muscles of rats beginning one day before immunizing infection with the
metacercariae.

** Non-treated with any immunosuppressive drugs; the rats only received both immunizing
and challenging infections with the metacercariae.

Table 5 Number of antigen-antibody bands appeared in agar double diffusion plate in
serum samples from rats in each group treated with (Group I) and without
(Group II) immunosuppressive drugs.

No. serum Weeks after immunizing infection
Group sampler in
each test 1 2 3 4 5 6 7 8
I 3 0,0,0* 0,0,0 o0,0,0 o0,0,0 0,0,0 0,0,0 0,0,0 0,00
II 5 0,0,0 333 332 333 333 433 3,22 21,1

0,0 2,2 2,2 2,2 33 32 21 11

* Number of precipitin bands appeared in each sample.
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Figure 2 Weekly changes in each fraction of serum proteins in the
samples from rats treated with (——) and without (-—--)
immunosuppressive drugs; the rats in both groups immunized
with the metacercariae per os and then challenged 6 weeks
after the immunization. A: albumin, B: alphaglobulin,
C: beta-globulin, D: gamma-globulin, E: A/G ratio,
N: mean normal value of the non-infected and non-treated
rats.

in the period the value in Group I was higher than those in Group I1I. The per-
centage value of beta-globulin in the two groups showed a similar trend indicating a
slightly high rate of the value when compared to the normal value. In albumin
fraction, on the other hand, a remarkable difference was found in the mean percentage
between Groups I and II, during 4 to 8 weeks. A/G ratio in Group I had increased
gradually up to 6 weeks, and then decreased, whereas it had decreased with the elapse
of infection in Group II until necropsy.

Discussion

Kondo and Hashiguchi (1979) have observed, for the first time, on the influence
of primary infection with Japanese species of Fasciola metacercariae to superinfection
in rats. They demonstrated that the recovery rates of Japanese Fasciola from chal-
lenge infection were very low when compared to the natural-immunity control.
The similar tendency, again, was also ascertained in the present study in rats, by
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carring out challenge during 6 to 11 weeks following immunization. During the
period, the percentage immunity (reduction) had a considerable variation among
the experimental groups designed. From 6 to 9 weeks after immunization, the
percentage reduction was significantly higher in the challenged groups than the
control, indicating the ranges from 58.3 to 80.6 per cent. It was noted, however, that
the ability of rats to induce the protective immunity to the fluke had trended to reduce
gradually in the animals 10 weeks (25.0%, immunity) after immunization; the
immunity reduced to zero at 11 weeks.

In F. hepatica, this protective immunity following an oral infection has been
amply documented as mentioned before. In most of these studies on the immunity
to F. hepatica worm recoveries have been done after the flukes had matured. Hayes
et al. (1972, 1973, 1974c), however, have performed a study on the ability of rats to
resist a challenge infection with F. hepatica, recovering immature worms 3 to 4 weeks
after challenge, and they have obtained a high rate of percentage reduction. This
reduced worm burdens have also been recognizable during 24 to 48 hr after challenge
infection of rats with F. hepatica (Hayes and Mitrovic, 1977; Hayes, 1978). In the
current study, therefore, the markedly reduced worm burdens from challenge would
be present at the early phase of challenge infection in rats. However, exactly when
and where protective immunity is expressed still remains undetermined, though the
immunity to reinfection with F. hepatica in rats is expressed by 48 hr after challenge
(Hayes, 1978).

The protective immunity was examined in connection with the developmental
ages of worms which were used in the immunization, and also with the liver migration
of worms which might be related to induce the functional immunity in rats.
Rajasekariah and Howell (1978) have examined the role of developmental stages
of worms in the rat’s resistance to challenge with F. Aepatica. In their works the rats
were sensitized by subcutaneous implantation of either metacercariae, 4 week-old
juveniles, adult worms, or eggs of F. hepatica, and then challenged with the meta-
cercariae 2 weeks later. All implanted stages, apart from adult worms, conferred a
significant degree of protection on their recipient animals. With respect to the liver
migration of worms, on the other hand, Lang et al. (1974) pointed out that the duration
of liver migration by juveniles might be of greater importance in stimulating pro-
tective immunity in mice than was worm age. Thus, these observations suggest
that there still remains undetermined factors in the mechanisms to induce protective
immunity in the host animals against the genus Fasciola.

In order to study the immunological mechanisms which could underly the
protective immunity, the immunizing infection was conducted by implanting the
immature, 25 day-old, worms with and without diffusion chambers in the present
experiment. The chamber allows for exchange of various materials between im-
planted parasites and their host (Hashiguchi e al., 1976). Besides, with the use of
diffusion chambers the inability of parasites to infect the host would reduce or elim-
inate all of the pathology associated with the infection (Despommier and Wostmann,
1968). The present study revealed that the rats immunized by the worms in chambers
showed a significant degree of protective immunity when compared to the natural-
immunity control or sham operation. The free worm implantation, however, stim-
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ulated a higher degree of the immunity than the worm implantation with chambers.
These results suggest that the liver migration by the immature worms implanted
may be responsible, at some extent, for stimulating the induction of protective im-
munity to the Japanese Fasciola in rats. It is of great interest that the enchambered
worms are able to induce the protective immunity by releasing a variety of soluble
antigen through the millipore chambers placed intraperitoneally in rats. Thus,
the diffusion chamber technique permits the host to come into direct contact with the
living parasites, thereby exposing it to a great variety of antigenic stimuli (Despommier
and Wostmann, 1968).

In the rats sensitized by worm implantation with and without diffusion chambers,
serological analysis demonstrated that there was a remarkable difference in the
antigen-antibody systems between both implantations. During 1 to 2 weeks after
worm implantation, the precipitin bands in agar diffusion plate were nearly equal
in numbers in the two groups. After challenge, however, larger numbers of the bands
were recognized in serum samples from rats sensitized with free worms than in those
with enchambered ones. Considering the relation between the markedly reduced
worm burdens and the appearance of many bands in free worm implantation (without
chambers), Ouchterlony technique may be effective as an indicator to estimate the
degree of protective immunity to Fasciola in host animals. Each fraction of serum
proteins has not indicated a remarkable difference between the two groups.

There have been many attempts to reduce or eliminate the natural immunity
of hosts against various parasites; in most of these cases workers have treated the host
animals with immuno-suppressants and/or X-irradiation. Recently, Hashiguchi
and Hirai (1977) have examined the influence of various immuno-suppressants on
the establishment of the lung fluke, Paragonimus miyazakii in rats. They demonstrated
that combined treatment with dexamethasone and prednisolone or with hydro-
cortisone and dexamethasone had suppressed the host’s immune responses, while the
use of dexamethasone or prednisolone alone had a relatively little influence on the
immunity of hosts. In consideration of these results, the present work was attempted
to determine if the combined treatment of rats with dexamethasone and prednisolone
would have an effect on the protective immunity to the Japanese Fasciola or not.
The treatment greatly suppressed the induction of protective immunity in rats
sensitized by oral infection with the metacercariae, and then challenged 6 weeks later.
Both treated and control rats harbored 3.3 and 3.2 worms in mean recovery, while
non-treated but immunized and challenged rats showed a significantly fewer worm
burden indicating 79.3 per cent worm reduction. Hayes and Mitrovic (1977) have
administered dexamethasone into immunized rats with the metacercariae per os
starting 24 hr before challenge, and demonstrated that the drug used abrogated the
protective effect of a previous infection. These facts indicate an important role of
humoral immunity in the protective immunity to Fasciola in rats. No precipitin
band in agar plate was observed in the rats given the immuno-suppressants throughout
the experiment. The rats, on the other hand, theat were not given the drugs showed
a considerable number of bands from 2 weeks after immunization. These results
also suggest that antibody production was greatly suppressed in the animals given
immunosuppressive drugs. Among fractions of serum proteins, gamma-globulin
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in the non-treated rats with the drugs was remarkably high in an average after 2
weeks, when compared to that in the treated animals; the latter marked a con-
sistently lower rate than average normal value. Once again, these differences may
be caused by the suppression of the host’s immune responses.

In the present study, the protective immunity to the common liver fluke, Fasciola,
in rats was examined using immunosuppressants or millipore diffusion chambers.
The use of drugs and the chamber techniques would provide a good measure for the
examination on the mechanisms which could be underlying the induction of protective
immunity to the parasites in hosts. For the genus Fasciola, more detailed experimental
systems such as various ages of worms and the timing and sites of immunization, are
needed to clarify the mechnisms using these measures in relation to the host-parasite
relationships.
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EFFECT OF EXERCISE IN A HOT ENVIRONMENT
FOR 7 SUCCESSIVE DAYS ON PHYSIOLOGICAL
RESPONSES AND HEAT TOLERANCE

Seikt Horr
Received for publication 6 March 1981

Abstract: Eight young male university students took exercise for 7 successive days in
a climatic chamber at 30°C, 709, relative humidity. Exercise was performed on a bicycle
ergometer at a work load of 2 kp at a cycling rate of 50 r.p.m. for 60 min. Sweat tests were
performed on the day before beginning of training and on the day after the end of training.
Sweating was induced by immersion of both legs to just below the knees into circulating
water of 42°C in a climatic chamber of 30°C, 70% relative humidity for 90 min. Body
weight loss induced by a certain heat load increased after heat acclimatization, while a rise
in rectal temperature and an increase in heat rate during sweat test decreased after heat
acclimatization. Sodium concentration in sweat decreased slightly and sodium concen-
tration at a given sweat rate decreased considerably after heat acclimatization.. Heat
tolerance, assessed by our numerical indices for assessment of heat tolerance, was improved
by heat acclimatization. Improvement of heat tolerance was accompanied by great
changes in physiological responses to heat and was induced at the cost of increase of physio-
logical strain in terms of water metabolism.

INTRODUCTION

In work the metabolic heat produced in the body increases in proportion to
the intensity of work, and body heat must be dissipated into the environment at the
rate of its production to maintain a constant body temperature in a steady state.
Since the amount of heat dissipation from the body decreases by increasing the
ambient temperature, capacity for heat dissipation or tolerance to heat stress is one
of the factors determining work capacity in a hot environment (Robinson, 1963;
Piwonka et al., 1967). It is known that physiological responses to heat change as
unacclimatized individuals are repeatedly exposed to a hot environment. After
successive heat exposures it has always been found that subjects sweat more readily
and more profusely and heat tolerance is improved by increased capacity of heat
dissipation (Dill et al., 1938; Adolph, 1946; Belding and Hatch, 1963; Hori et al.,
1975). It is known that the temperature regulatory responses of sweating and
cardiovascular changes are involved during exercise (Robinson, 1963). Therefore,
the acclimatization to heat may be facilitated by physical exercise in a hot environ-
ment. Thus it is of interest to study the effect of daily exercise in a hot environment
on the physiological reponses to heat and heat tolerance of men. Recently we
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proposed a numerical index for evaluation of human heat tolerance (Hori et al.,
1974). We reported that this index could follow improvement of heat tolerance
during short-term heat acclimatization and long-term heat acclimatization such
as superior heat tolerance of subtropical natives to that of temperate natives (Hori
et al., 1975, 1978). In the present study, we attempt to compare the physiological
responses of heat and heat tolerance of men before physical training with those
after physical training to study adaptive changes induced by physical training in a
hot environment for 7 successive days.

MATERIALS AND METHODS

Eight young male Japanese, aged 18-23, were exposed to a combination of
muscular exercise and environmental heat for 7 successive days in autumn. Muscular
exercise was performed on a bicycle ergometer at a constant work load of 2 kp at the
‘cycling rate of 50 r.p.m. for one hour in a climatic chamber of 30°C with 709, rela-
tive humidity. A sweat test was performed on the preceding day of beginning of
physical training and on the first day after physical training for 7 successive days.
The sweat test was performed as follows. Each subject dressed in shorts only and
sat in a chair at rest in the climatic chamber of 30°C with 709, relative humidity
for 30 min. Then the subjects, sitting in chairs, dipped their legs to just below the
knees into a stirring water bath of 42°C and stayed there for 90 min. Rectal temper-
ature was measured continuously by copper-constantan thermocouples before and
during exercise, and heart rate was recorded continuously by electrocardiography.
Body weight was measured with an accuracy of +5 g before and after the experiment
and the net body weight was calculated by subtracting the weight of the dry and
wet shorts from body weight measured before and after experiment respectively.
Local sweat samples from the chest and back were collected by the filter paper
method during each 15 min. period (Ohara, 1966). The skin areas for sampling
of sweat were washed with distilled water and an area of the skin covering 12.6 cm?
was covered with a sweat capsule by using collodion solution. Sweat was absorbed
by a prewashed filter paper, local sweat rate was determined by the difference between
weight of filter paper after absorption of sweat and that of dry filter paper. The
filter paper was diluted with distilled water and sodium concentration in the sweat
was determined by flame photometry. The magnitude of physiological strain
induced in the body by heat exposure was expressed by the combination of relative
rise in rectal temperature, relative water loss and relative salt loss. Heat tolerance
indices I and S are calculated as follows:

Heat tolerance index I=yA2-+BZ+C2
Heat tolerance index S:vj——ng_—(?

AW 4T
A=girxws  O=mEoT:  BuriwW
where  W=Body weight before the experiment (Kg)
AW =Weight loss at the end of the experiment (Kg)
‘T=Rectal temperature before the experiment (°C)
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AT =Rise in rectal temperature at the end of the experiment (°C)
Q=0.058 x 4W x C
C=The mean sodium concentration in local sweat (mEq/L)
Smaller value of heat tolerance index I indicates small physiological strain induced
by a certain heat load and superior heat tolerance.

REesuLTs

Table 1 shows body weight, body weight loss, mean Na concentration in local
sweat, rise in rectal temperature and increase in heart rate observed in sweat test
before and after physical training in a hot environment for 7 successive days. The
mean value of body weight loss after training was considerably greater than that
before training, while mean Na concentration in sweat decreased slightly after
physical training. However, these differences were statistically not significant. The
mean value of rise in rectal temperature after training was significantly smaller than
that before training, and that of increases in heart rate after training was considerably
less than that before training though this difference was statistically not significant.
Thus the ratio of sweat volume (body weight loss) to rise in rectal temperature
increased after training. Changes in heat tolerance indices and their three com-
ponents during physical training in a hot environment are shown in Table 2. The
mean value of component A after physical training was greater than that before
training. The mean values of component B, component C, heat tolerance indices
I and S decreased after physical training. Among these differences, differences
of component B and heat tolerance index S were statistically significant. Contri-

Table I Changes in physiological responses to heat induced by daily exposure to a
moderate work and environmental heat.

Day Weight Weight loss Mean Na conc. Risiei?n;('ectal LI:CI{IC. a{{?
(kg) (kg) (mEq/l) (°C) (beats/min)

0 61.744.1 0.588+4-0.141 51.24-15.4 0.63+0.10* 15.544.9
8 61.2+4.0 0.658-+0.152 49.9415.8 0.504-0.10 12.61+4.6

Mean values are given with their standard deviations.
* Significant difference between days of experiment at 19, level.

Table 2 Changes of heat tolerance indices and their components induced by acclimati-
zation to heat. ’

Day A B C I S
0 0.1394-0.038 0.1934+0.030%* 0.045-+0.015 0.2444.0.039  1.48+0.50%
8 0.1554-0.041 0.15340.029 0.042+0.016 0.226+0.039 1.07+0.41

Mean values are given with their standard deviations.
* Significant difference between days of experiment,
* at 5% level, ** at 19, level,
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bution of component A to heat tolerance indices I and S was the greatest after training,
while that of component B was the greatest before training. Since the values of
components A and B represent the magnitude of strain induced by sweat volume
and rise in core temperature respectively these results indicate that the pattern of
physiological responses to heat after training differs greatly from that before training.

Discussion

Considerably greater mean value of sweat volume and slightly smaller mean
value of Na concentration in sweat after physical training in a hot environment for
7 successive days than those before training are shown in Table 1. Many investi-
gators have already reported that unacclimatized subjects tend to sweat more
profusely as they are repeatedly exposed to hot environments (Adolph, 1946; Bass,
1963; Dill et al., 1938; Hori et al., 1976). It is known that the Na concentration
in‘swélitrincreases progressively as the sweat rate increases (Dill et al., 1938; Kuno,
1956).  Thus, changes in sweating reaction induced by acclimatization to heat
were characterized by a higher sweat rate and lower Na concentration in sweat at
a given. sweat rate (Dill et al., 1938; Kuno, 1956). As shown in Table 1, rise in
rectal temperature during exposure to a hot environment decreased significantly
and increase in heart rate during heat exposure tended to decrease after heat ac-
climatization. Thus it may be assumed that direction of change in correlation
between rise in rectal temperature and sweat volume during heat acclimatization
differed from that in correlation between rise in rectal temperature and increase in

Pi ts
aW(kg) A .(b%)
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065} b
080} 114
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Figure 1 Changes in correlation between body weight loss, increase in heart rate and rise in
rectal temperature.
co 4W: Body weight loss, 4P: Increase in heart rate, 4T: Rise in rectal temper-
... ... ature, O: Correlation between 4W and AT, ©O: Correlation between 4P and
4T, Circles: Drawn around the means with radiuses of standard errors. Arrows
indicate direction of changes induced by physical training. Figures in circles
indicate time of experiment in day.
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heart rate (Fig. 1). This figure indicates a decrease in rise of rectal temperature
under a certain heat load induced by heat acclimatization tended to be accompanied
by an increase in sweat volume and a lessening of increase in heart rate. Since
rectal temperature is a dominant factor in determining sweat volume and heart
rate at rest (Benzinger at el., 1963; Newburgh, 1949) the sweat center became more
responsive, and sensitivity of the vasoregulatory center against rise in core temperature
changed slightly during heat acclimatization. As shown in Table 2, values of B,
relative rise in rectal temperature, and index I, the magnitude of physiological strain
induced in the body, decreased after heat acclimatization, while value of A, relative
water loss increased after heat acclimatization. A smaller value of B (rise in rectal
temperature) after heat acclimatization might be due to increased heat dissipation
by profuse sweating. A smaller value of index I indicates superior heat tolerance
(Hori et al., 1974). Thus, it can be said that heat tolerance was improved at the
cost of increase of strain in terms of water metabolism. The value of index S indi-
cates the ratio of relative rise in rectal temperature to relative water loss and salt
loss i.e. pattern of physiological responses to heat. As shown in Fig. 2, the magnitude
of decrease in value of index S was greater than that in value of index I after heat
acclimatization when compared with those before heat acclimatization. These
results indicate the pattern of physiological responses to heat changed greater than
the magnitude of physiological responses during short-term heat acclimatization.
Changes in relationship between indices I and S are shown in Fig. 3. In this figure,
circles are drawn around the mean values of indices I and S with radiuses of their

I S

0.30- ’,—'"--‘\\ ]
'l \\ i 1'5
14
025+ 113
412
) . 411

020} e 8 o

""" 10

L ]

014 015 016 A

Figure 2 Changes in correlation between heat tolerance indices and relative water
loss during physical training.
I and S: Heat tolerance indices, A: Relative water loss, O: Correla-
tion between I and A, <¢3: Correlation between S and A, Circles:
Drawn around the means with radiuses of half value of standard errors,
Arrows indicate direction of changes induced by physical training. -Figures
in circles indicate time of experiment in day.
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Figure 3 Changes in correlation between heat tolerance indices I and S during physical
training in a hot environment for 7 successive days.

e
a: Parameter indicating the points of same value of A\/ 1—}-%,

Drawn around the means with radiuses of standard errors, Arrow indicates

Circles:

direction of change induced by physical training. Figures in circles indicate
time of experiment in day.

standard deviations and the family of iso-sweating lines are drawn by connecting
the points of the same values of parameter “a”. By calculation and transformation,

Eq. I=a(l+ SZ)% can be derived as follows (Hori et al., 1974):

C2\} 1 1 2\

I=A<I+F> (14523 —a(1+52)7 where a=A<l—|—F)
Thus, the value of parameter “a” runs parallel to change in sweating reaction.
Mechanism of changes in physiological response to heat induced by physical training
for 7 successive days might be as follows. The increases in sweat rate after repeated
heat exposure is attributable to an increase in the activity of the sweat glands and
increased excitability of the sweating center (Kuno, 1956). Lower Na concentration
at a given sweat rate after short term heat acclimatization may be caused by increased
reabsorption from precursor sweat in the duct of sweat glands. The cooling power
of sweat is dependent on the degree of wetness of the skin and the difference in vapor
pressure between the skin surface and the air. Lower Na concentration in sweat
increases difference of vapor pressure between the skin surface and the surrounding
air (Hori et al.,, 1978). Therefore, less rise in body temperature after short-term
heat acclimatization might reflect increased capacity of evaporative heat loss due to
profuse sweating with a lower Na concentration.
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FLUORESCENT FOCUS SIZE REDUCTION BY SPLEEN CELLS
OF MICE IMMUNIZED WITH RABIES VIRUS

YosHiHiIRO MAkINO! AND KumMaTO MIFUNE?
Received for publication 20 March 1981

Abstract: The spread of rabies virus between adjacent mouse neuroblastoma cells
was inhibited in the presence of spleen cells from mice sensitized to rabies virus as measured
by the size of fluorescent focus formation. This activity of focus size reduction was ap-
peared to be closely related to the development of cell-mediated cytotoxic activity. Rabies
virus inactivated by beta-propiolactone was also capable of generating such an activity as
live virus.

The role of cell-mediated immunity either in the recovery from primary rabies
infection or in the postexposure immunoprophylaxis of rabies is poorly understood.
Miller et al. (1978) have suggested the contribution of cell-mediated immunity in the
recovery from rabies by demonstrating the potentiation of HEP rabies infection both
in immunosuppressed and thymectomized mice. Kaplan et al. (1975) described
similar observations. Recently, we have established the mouse model system by
which the protection mechanisms of postexposure vaccination against rabies might
be studied. The study has demonstrated that although interferon (IF), which is
induced early after vaccination, is important, the postexposure prophylaxis of rabies
cannot be elucidated simply by the IF nor neutralizing (NT) antibody produced by
the vaccine and suggested the requirement of some other mechanisms including cell-
mediated immunity (Mifune et al., 1980).

Evidences indicating the development of cell-mediated immunity in rabies
immunized animals have also been demonstrated by several in vitro and in vive studies
(Wiktor et al., 1974; Tignor et al., 1976; Wiktor et al., 1977; Lagrange et al., 1978;
Tsiang & Lagrange, 1980). However, whether these cell-mediated immune re-
sponses really play a role in the recovery or in the postexposure prophylaxis has not
clearly been shown. Simmons et al. (1974) demonstrated that the in vitro control of
the growth of herpes virus was quantified by determining plaque size in monolayers
to which sensitized spleen cells were added as opposed to nonsensitized spleen cells
and this method was a sensitive and more direct parameter to measure a cell-mediated
immunity.

Present paper briefly describes that this technique is applicable to rabies virus
and immune spleen cells are capable of limiting the spread of virus in the infected cell
cultures.

C3H/He strain mice were immunized by intraperitoneal inoculation with ap-

1 Department of Virology, Institute for Tropical Medicine, Nagasaki University 2  Depart-
ment of Microbiology, Medical College of Oita
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proximately 5 X 107 focus forming units(FFU) of live or the corresponding amount of
beta-propiolactone(BPL) inactivated HEP-Flury strain of rabies virus (Kondo,
1965; Mifune et al., 1980). Spleens were harvested from the mice at various intervals
after immunization. They were pressed gently through stainless steel mesh (#200)
and single cell suspensions were prepared in RPMI 1640 medium supplemented with
10 per cent heat-inactivated fetal calf serum(FCS). The single cell suspensions were
then fractionated into the cells nonadherent to plastic plate and the effluent cells
from nylon wool column as described by Julius e al. (1973). Cloned N-18 strain of
mouse neuroblastome(MINB) cells were grown in Dulbecco’s modified Eagle’s medium
supplemented with 5 per cent FCS, 5 per cent calf serum, 3 g// of NaHCO; and
antibiotics and was plated into Lab-Tek 4-chamber slides (Miles lab.). When the
cells became confluent, they were infected with 100 FFU of plaque purified CVS
strain of rabies virus (Buckley & Tignor, 1975) and incubated at 37°C for 4 hrs.
Whole or fractionated spleen cells from nonimmune or immune mice were carefully
overlayed onto the infected MNB cells at a spleen cell to monolayer cell ratio of
50: 1, and further incubated for 26 hrs at 37°C. Preliminary experiments indicated
that during the 30 hrs of incubation period, secondary fluorescent focus was not formed
by the progeny virus from the primary infected focus. At the end of the incubation
period, the culture media were harvested and the supernatants after low speed
centrifufation were assayed for the activities of antiviral NT antibody, IF and lymp-
hotoxin(L'T) which might be produced in the co-cultivated culture. NT antibody
was assayed as described by Smith ez al. (1973) using CER cells (Smith et al., 1977),
IF was assayed in L cells with vesicular stomatitis virus and LT was assayed as de-
scribed by Shimizu et al. (1977) using L cells and MNB cells. On the other hand,
infected MNB cells on the chamber slides were washed in phosphate buffered saline,
fixed with cold acetone and then stained with FITC-conjugated anti-rabies globulin
(BBL, £40604). The number of cells in each immunofluorescent focus was conuted
under a fluorescent microscope. At least, one hundred fluorescent foci were examined
and the statistical significance of the focus size reduction was estimated by the analysis
of variance.

Infected MNB cells co-cultivated with non-immune spleen cells (Fig. 1A) showed
large fluorescent foci, usually consisting of 5-20 cells, whereas when co-cultivated
with immune spleen cells (Fig. 1B), fluorescent foci were small, usually consisting of
1-5 cells.

The effect of immune spleen cells harvested on day 7 after immunization on the
focus size of rabies virus was shown in Table 1. The average focus size of the cultures
co-cultivated with non-immune whole spleen cells was 6.2 cells, while that with
immune whole spleen cells was 3.2 cells and the reduction rate of the focus size was
48.4 per cent which was statistically significant (Exp. 1). Depletion of plastic plate-
adherent cells from immune spleen cells did not influence the activity of immune
spleen cells to limit focus size (Exp. 2). Effluent cells from nylon wool column
consisted mostly of T cells as tested by rosette formation and this T cell-rich fraction
also suppressed the virus spread by 47.3 per cent (Exp. 3). In contrast, pre-treatment
of immune nonadherent spleen cells with anti-Thy 1.2 serum (OLAC, clone F7D5)
plus complement before co-cultivation resulted in the abrogation of the activity



33

Figure 1 TImmunofluorescent focus of rabies virus-infected murine neuroblastoma cells. The cells
in the 4-chamber slides were infected with 100 FFU per chamber of plaque purified
CVS strain of rabies virus. Four hours later, the cells were carefully overlayed with (A)
non-immune spleen cells or (B) rabies immune spleen cells and further incubated at 37 C
for 26 hours. Aftert he incubation period, the cell monolayers were washed with PSB,
fixed with cold acetone and stained with FITC-conjugated anti-rabies gamma-globulin.

(Exp. 4). No significant inhibition of focus size was observed in the cultures co-
cultivated with spleen cells from mice immunized with Sindbis virus (Exp. 5). In
addition, neither NT antibody, IF nor LT was detected in each of the co-cultivated
MNB cell culture medium. These results appear to suggest that the suppression of
virus spread by immune spleen cells is mediated by virus specific immune T cells and
not by the NT antibody, IF nor LT,

The kinetics of the development of focus size limiting activity after immunization
is shown in Table 2. High activity was observed in the spleen cells obtained on day
6 after immunization. However, such high activity was no longer observed in the
spleen cells harvested on day 14. In parallel with this experiment, cell-mediated
cytotoxic activities of spleen cell suspensions prepared at intervals after immunization
were examined against virus infected MNB cells by 5Cr-release method. The
results showed that the cytotoxic activity was first detected on day 4 and reached a
maximum level on day 7 and then declined to a low level by day 14 (Data not shown)
as already described by us and other investigators (Tignor et al., 1977; Mifune et
al., 1979). ‘ :

These results seemed to suggest that the suppression of virus spread by immune
spleen cells is closely related with the development of the cytotoxic activity of immune



34

Table 1 Fluorescent focus size reduction by immune spleen cells in rabies virus-infected
murine neuroblastoma cells.

- Fluorescent Reduction Ab, IF and
Expt. Effector cell population focus size®) rate (%) LT assay®
1 Normal whole spleen cells 6.2 Ab (—)
IF (—)
Rabies immune whole spleen cells 3.2 48.4 (S8)® LT (—)
2 Normal non-adherent spleen cells 9.3 Ab (—)
IF (—)
Rabies immune non-adherent spleen cells 4.9 47.3 (SS) LT (—)
3 Normal nylon wool column effluent cells 11.0 . Ab (—)
) IF (—)
Rabies immune nylon wool column LT (—)
effluent cells 5.8 47.3 (SS)
4 Rabies immune non-adherent spleen cells 6.6 Ab (—)
treated with anti-Thy 1.2+ complement IF (=)
Rabies immune non-adherent spleen cells LT (—)
treated with medium—-complement 2.1 68.2 (SS)
5 Normal non-adherent spleen cells 7.9
Sindbis virus immune non-adherent spleen NTe)
cells 5.6 29.1 (NSS)®

a) Average number of cells an fluorescent focus consisted.
b) Ab (NT antibody), IF (Interferon) and LT (Lymphotoxin) in cocultivated culture media
were assayed as described in the text.

c) Statistically significant, P<<0.01 by analysis of variance. d) Not statistically significant.
e) Not tested.

Table 2 Development of fluorescent focus size reduction activity of spleen cells from mice
immunized with live or BPL-inactivated rabies virus.

Days spleen Fluorescent focus size*’ R .
p eduction
cells harvested Effector cells Stimulant . with rate
after non-immune rabies immune
immunization effector effector (%)
6 nylon wool column - j; . 14.1 6.0 57.4 (SS)¥
14 nylon wool column 14.1 10.1 28.4 (NSS)°)
6 n;’}ﬁ;i“fgﬁ‘s“ BPL-inactivated  19.8 7.6 61.6 (SS)
14 n;’}ﬁ;iflhfgﬁ;‘t BPL-inactivated ~ 19.8 12.3 37.8 (SS)

a) Average number of cells an fluorescent focus consisted.
b) Statistically significant, P<(0.01 by analysis of variance.
¢) Not statistically significant.

spleen cells. It should be noted that BPL-inactivated rabies virus is also capable of
generating the activity of spleen cells to limit the virus spread as live virus. This
observation might be of interest in terms of the possible role of cell-mediated im-
munity in the postexposure treatment of rabies by BPL-inactivated vaccine.
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Abstract: A Pakistan strain of Culex tritaeniorhynchus was exposed to conditions of
18, 22, 28 and 34°C at 16L: 8D and 18 and 22°C at 9L: 15D in an incubator. Cooler
temperatures reduced immature survival from eclosicn to emergence and slowed the rate
of development resulting in larger and heavier adults at emergence with increased energy
reserves in the form of triglycerides. The rate of mating, blood feeding and the synthesis
of triglycerides from sucrose increased as a function of temperature. Short day length
further slowed the rate of development increasing the size and weight, but not triglyceride
content, of adults at emergence. The insemination rate also decreased under shorter day
length. These results suggested that cold-induced quiescence, but not necessarily dia-
pause, was induced by the present experimental regimens.

The climate of Punjab Province, Pakistan, presents an extremely varied temporal
series of ecological regimens to its mosquito fauna. To persist, species must with-
stand temperatures ranging from 45°C in midsummer to 0°C in mid-winter, seek
more ameliorated microhabitats or evolve physiological mechanisms to alter
metabolism during periods of stress. Although aestivation has yet to be reported,
several Culex species, including Culex tritaeniorhynchus Giles, appear to undergo a
cessation of reproductive activity in response to shorter days and/or cooler temper-
atures and overwinter as inseminated, unfed and nulliparous females; males and
larvae are not collected during mid-winter (Reisen, 1978 and unpubl.). However,
on warm days during winter, Cx. tritaeniorhynchus females occasionally are collected
biting bovid baits (Reisen, 1978), suggesting that if a diapausing state is indeed
realized, it must not be obligatorily governed by photoperiod or require an elongated
period of cold exposure prior to reactivation. Under slightly colder winter con-
ditions in Japan, overwintering diapause is induced during autumn by a combination
of cooler temperatures and shorter day lengths (e.g., Omori, et al., 1965a, b; Wada,

1 Address reprint requests to W.K.R., Arbovirus Field Station, University of California School of
Public Health, PO Box 1564, Bakersfield, CA 93302
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et al., 1973) and persists through the first warm days of spring. Some gonotrophic
dissociation occurs in autumn (Oda and Wada, 1973); however, the accrual of fat
reserves prior to diapause seems to be accomplished mainly through sugar feeding.

The purpose of the present study was to examine the effects of different temper-
atures and long and short day photoperiods on immature development and adult
characteristics under controlled laboratory conditions. Emphasis was placed on
studying those attributes related to overwintering behavior to determine if diapause
could be induced in strains of Cx. tritaeniorhynchus collected from Punjab Province,
Pakistan.

MEeTHODS AND MATERIALS

Strain:  The Balloki strain from Punjab Province, Pakistan, was used throughout,
and was well-adapted to mating in 3.8 liter carton cages (Reisen, et al., 1979) and
feeding on restrained laboratory mice. The females used to produce the cohorts for
experimentation were held under normal insectary conditions of 28°C, 60% R. H.
and 16L: 8D photoperiod with 1.5 hr crepuscular periods simulated by gradually
changing the illumination produced by 60 watt incandescent bulbs from 18 to 0 Lux.

Biological methods: Egg rafts, within 12 hrs of oviposition, were placed in an
incubator to hatch under the test temperature and photoperiod regimens. On the
morning of eclosion, 216 Ist instar larvae were counted into each of 4 replicate,
16 X27 cm enameled pans (density=0.5 larvae/cm? of pan surface area) filled with
well-water to a depth of 1.5 cm. and were fed a total of 1.075 gm of finely sifted
liver powder (Siddiqui, et al., 1976). The addition rate of the food was adjusted for
the larval development rate at each temperature. Pupae were counted daily into
plastic jars and the numbers of males and females successfully emerging recorded.
Adults unable to leave the water surface were considered dead. The length of the
wing, from its insertion at the mesothorax to its most distal margin excluding wing
scales, and dry weight were determined for the first and last 5 females and 5 males
emerging from each of the four replicate pans. The triglyceride content of the
weighed females was determined using the colorimetric method described by Shahid,
et al. (1980).

Ten females per pan were released into plastic jars (vol. =1200 cm3) where
they were continuously offered a 109, sucrose solution in vials with sponge wicks.
After four days, the females were killed by freezing, dried for 2 days at room temper-
ature in a dessicator, weighted and the triglyceride content determined. The
remaining males and females were pooled by date of emergence and released into
3.8 liter carton cages, in which they were continuously offered 3%, sucrose in vials
with sponge wicks, and, at night, a restrained laboratory mouse as a blood source.
Each morning all blood engorged females were isolated individually in vials with
dilute straw-infusion water as an oviposition substrate (Reisen and Siddiqui, 1978).
Dying females as well as some unfed females were dissected to determine if they
were inseminated, and during the short-day photoperiod, if odgenesis had progressed
beyond Stage I (Clements, 1963). Females ovipositing hatching egg rafts were
released into a separate cage and were offered a mouse as a blood source. Those
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refeeding were re-isolated for a second oviposition. The number of eggs in each
raft was counted under a microscope to determine fecundity.

The entire experiment was done in an incubator set at 18, 22, 28 and 34°C,
with a 16L: 8D photoperiod and at 18 and 22°C with a 9L: 15D photoperiod.
The lowest temperature at which restrained mice survived was 18°C. The photo-
period was established by turning the incubator fluorescent lights off and on, with
a 1 to 2 hr dusk simulated at light-off by allowing the used cells of a flashlight
to dim gradually from about 100 to Olux. Cx. tritaeniorhynchus had been found to
mate readily at 16L: 8D and 28°C in 3.8 liter cages under these illumination regimes
(Reisen, et al., 1979).

Statistical methods: Median developmental time (Eg) was calculated by regress-
ing the cumulative proportion of adults emerging, transformed to probits, as a function
of time in days from eclosion, transformed to log,. Temperatures within the 16L: 8D
photoperiod were compared by model I analysis of variance (ANOVA) with
individual means compared by posteriori least significant range tests (Sokal and Rohlf,
1969). Measurements of the adults subsampled from each pan were considered
to be nested within pans, and the among-pan mean square was used to test the
main effects and first and second order interaction terms. The effect of shorter
photoperiod was tested individually at each temperature using Student’s t-tests or
ANOVA. Observed sex ratios were compared using 2 X2 contingency Chi Square
adjusted by Yates’ correction factor (Sokal and Rohlf, 1969). Non-replicated
observations were tested over temperature using a Model I regression analysis with
the regression coefficients tested for significant departure from 0 by ANOVA (Sokal
and Rohlf, 1969).

REsuLTs

Effects of temperature at 16L: 8D Survival from eclosion to pupation did not
significantly vary among temperatures, but pupal to adult survival was significantly
lower at 18°C when many of the adults, especially the males, did not successfully
shed the pupal integument and/or leave the water surface (Table 1). Overall
survival from eclosion to emergence was highest at 28°C. The sex ratio at emergence
(males/total) was lowest at 18°C and significantly departed from 1:1 at 18 and 28°C
(p<0.05).

Median developmental time (Eg) varied inversely with water temperature
(Table 1). Males developed significantly faster than females, and this disparity
varied disproportionately over temperature, since the sex by temperature interaction
term in the ANOVA was significant (p<0.01). The relation of temperature (t)
to the velocity of immature development (V=1/Es) was expressed by the law of
heat summation, V=(t—to)/K, where t, is the developmental point and k=a
thermal summation constant (Mogi, 1978). V varied linearly as a function of
temperature for both males and females, with t,=8.3 and 9.2°C for males and females,
respectively (Fig. 1). The thermal summation constant of 158.7 for females and
164.2 for males implied the number of degree days above t, required for the com-
pletion of immature development.
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Table 1 The effects of temperature and photoperiod on selected immature attributes.
16L: 8D! 9L: 15D?
Attribute Photoperiod:
Temperature (°C): 18 22 28 34 groupx 18 22
Survivorship?
LtoP 8132 767 .866% .647 .598* .899ns
Pto A .600*  .831* 913> 806" .629ns .886ns
LtoA 488> 646  .791= .521° .380ns .796n
Sex ratio (& [total) 356 520  .448*  .486* 442% .493ns
E;o (days)t 2 2 17.67 13.08 7.59 6.85 11.30* 18.62*  13.82%
53 17.51 11.97  7.55 6.85 10.97° 18.03»s  13.25%
group X 17.59* 12.53> 7.57¢ 6.85¢

! Means compared within 16L: 8D; means in each row or group means followed by the same

least significant range test (P>0.05).

o

0.05; **: P<0.01.
L=Larval stages I to IV; P=pupae;

2r
- vdd= (1-8.3)/164.2
> r2 = 951 8
r
S I
(@]
-
¥ v$$ =(T-9.2)/158.7
r2 = 948
.0~ 1 1 1 4
8 18 22 28 34
TEMPERATURE (°C )
Figure 1 The velocity of immature development

(velocity, v=E;;~!, where E;, is median
emergence in days) for males (squares)
and females (circles) plotted as a func-
tion of water temperature, T, in C0-r?
=the coefficient of determination in-
dicating the goodness of fit.

Means compared between photoperiods at the same temperature,

A=adult.
Eso=median developmental time to adult emergence in days.
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Figure 2

% B=-36.76+3.43t

ns: P>0.05; *: P<

2
re=998

%I1= -37.05¢2.421¢
o r%=.935
1 E 1 [ 1
8 18 22 28 3
TEMPERATURE (°C)
The percentage of emerging females

imbibing a blood meal (B) and mating
(I) plotted as a function of holding
temperature, t, in °C for long day
(16L: 8D=filled squares and circles)
and short day (9L: 15D =open squares
and circles) photoperiods. Regression
functions calculated from long day
photoperiod data; r?=coefficient of
determination indicating the goodness
of fit,



Table 2. The effects of temperature and photoperiod on selected adult attributes.

Photoperiod: 16L: 8D!? 9L: 15D2
Attribute
Temperature (°C): 18 22 28 34 group X 18 22
2 @ inseminated (%) 2.08 20.0 34.41 41.73 0.0ns 5.40%*
2 ¢ blood fed (%) 23.81 40.47 58.80 79.68 ‘ 6.58%* 62.57%*
Fecundity (eggs/ 2)%: GC1 62.3(14) 101.6(9) 125.3(57) 124.0(84) 117.94(164)* 65.0(3)>s  112.8(9)»s
GC2 0(0) 45.0(2) 125.9(28) 111.7(53) 115.29(83)® 0(0) 98.3(4)ns
group X 62.3(14)° 91.3(11)® 125.5(85) 119.3(137) 65.0(3) 108.3(13)
Length gc (days)?: GCl1 17.5(18)* 14.6(22)° 7.6(115)° 6.8(153)¢ 16.8(3)ns 12.2(45)*
GC2 NE 4.3(3)* 3.0(29) 2.9(101) NE 3.3(4)*
Wing length (mm) T1%: 2 @ 3.25 3.13 2.80 2.74 } 9 85 3.49 3.26
38 2.95 2.85 2.62 2.50 ) 3.22 3.03
T2': 22 3.22 3.20 2.81 2.62 } 9 89a 3.39 3.32
53 2.90 2.90 2.47 2.46 ) 3.16 291
group X 3.08® 3.02» 2.67° 2.58b 3.32%* 3.13**
Dry weight (mg) T1*: ¢ 2 .383 .435 .349 .4-10} 3518 464 .360
538 321 .352 .286 .275 ’ 407 319
T24: 22 391 .365 .363 316 b 433 .408
335 320 322 .266 .259} 325 .405 .329
group X .353= .3682 3162 315b 427 .354ns
Dry weight after sucrose (mg) .522¢ .582b¢ .664° .782» .529ns .590ns
gain® (%) 135.3> 145.8° 188.32 216.0* 118.0ns 153.7ns
Triglyceride (mg/2) T1* 131 .062 .086 .072 .088 .070 .040
T24 154 .029 .029 .029 .060° .075 .072
X 1428 .046° 057° .050° 072%* 05628
Triglyceride after sucrose .206° .133¢ .218b 2512 J1Q7%* .169%*
gain® (%) 146.2¢ 306.4% 398.5%> 504.22 143.8n8 323.9vs

Footnotes 1-2 see Table 1.

3 GC1 and GC2 refer to the first and second gonotrophic cycles, respectively; (No. hatching egg rafts and ovipositing females in parentheses).

+ T1 and T2 refer to the first and last five adults of each sex emerging, respectively.

s gain (%)= (T,—T,)/Tox 100, where Ty is the estimate at emergence and T, is the estimate after feeding for 4 days on 109, sucrose solution.

17



42

The proportion of females imbibing a blood meal and mating (i.e., the number
of dissected females that were inseminated or that oviposited hatching egg rafts)
decreased as a linear function of decreasing temperature (Table 2 and Fig. 2).
The extrapolated temperatures at which no blood feeding or mating would occur
were 10.7 and 15.3°C, respectively.

There was no significant difference (p>0.05) between female fecundity (egg/
female) in the first and second gonotrophic cycles (Table 2). Fecundity at 18 and
22°C was significantly lower than fecundity at 28 and 34°C. The mean duration
from emergence to oviposition (GC 1) significantly decreased with increasing
temperature; however, the length of the second gonotrophic cycle, the night of
re-feeding to oviposition 16 (2), did not differ significantly among temperatures. At
18°C, no female laid more than 1 egg raft, and none of the rafts hatched or contained
embryonated eggs.

Mosquitoes reared at 18 and 22°C had longer wings than those reared at 28
and 34°C (Table2). Females had longer wings than males and this difference
varied disproportionately over temperature, since the sex-by-temperature interaction
term in the ANOVA was significant (p<<0.05). Adults emerging first did not have
significantly longer wings than those emerging last (p>0.05). Similarly, the dry
weight of adults reared at 18 and 22°C was heavier at emergence than the dry weight
of adults reared at 28 and 34°C (Table 2). Females were heavier than males, and
the difference remained proportionate, since the sex-by-temperature interaction term
was - not significant (p>0.05). The mean weight of adults emerging first was sig-
nificantly greater than adults emerging last, suggesting some form of larval intra-
specific competition for food as described previously by Siddiqui, et al. (1976).
The significantly greater weight of females emerging first was attributed to fat
reserves at emergence, since the triglyceride content was also significantly greater
(Table 2). Adults reared at 18°C had significantly more triglycerides at emergence
than did those reared at 22, 28 and 34°C.

The dry weight of females offered 109, sucrose solution for four days increased
markedly from estimates made at emergence and the percent gain ranged from 135.3
to 216.09% (Table 2). The mg of dry weight (dw) and the percent gain was sig-
nificantly higher at 28 and 34°C than at 18 and 22°C and increased as a linear function
of temperature (t), (dw%=35.7545.32t, r2=0.982). Weight increases were
attributed to triglyceride synthesis from the imbibed sucrose, since the greatest
percent triglyceride increases were also realized by females held at 34 and 28°C.
The rate of triglyceride synthesis (ts) was temperature dependent, i.e., the percent
of triglyceride gain increased as a linear function of temperature (t): %ts=—201.19
+-21.18t, r2=0.955.

Effects of photoperiod at 18 and 22°C: Under a ‘“‘short day” illumination, there
was no difference in survival from larval eclosion to adult emergence; however, the
median developmental time was generally slower (Table 1). The sex ratio of the
immatures reared at 18°C increased significantly, but the proportion of males
remained lower than the expected 1: 1 ratio when tested by Chi square (p<0.05).

None of the females held at 18° and significantly fewer females held at 22°
mated under the shorter photoperiod (Table 2). In addition, significantly less
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and more females at 18 and 22°C, respectively, imbibed blood meals. Females
taking blood meals matured eggs at all photoperiods and temperatures studied,
although under 9L: 15D, 19/162 2 dissected (3.29,) at 22° exhibited gonotrophic
disassociation, i.e., took a blood meal, but after death 2 or more days later, ovarian
development had not progressed beyond Stage Ib.

Fecundity at 9L: 14D did not differ significantly at either 18 or 22°C (Table 2).
The duration of the first gonotrophic cycle at 18° did not differ significantly, although
at 22°C the duration of both the first and second gonotrophic cycles were significantly
shorter.

At 9L: 14D the wing lengths of adults reared at 18° and 22°C and the dry
weight at 18°C, but not 22°C, were significantly longer and heavier than adults
reared at 16L: 8D, respectively (Table 2). Females were agian larger and heavier
than males. At 18°, but not 22°C, the wing lengths of the adults emerging first were
significantly longer; no significant differences in the dry weights of the adults emerging
first and last was found. At 22°C, there was significant among-rearing pan varia-
bility (P<<0.05) in both the wing length and dry weight ANOV As which contributed
to the inability to detect significant differences in the time of emergence effects.
The triglyceride content of the emerging females was significantly less at the 9L: 15D
photoperiod and 18°C, while no significant difference was detected at 22°C. This
was unexpected, since at 18°C the dry weights were significantly greater at emergence
and usually the triglyceride content was significantly correlated with dry weight
(Shahid, et al. 1980).

The dry weight of females after being offered 109, sucrose for 4 days increased
markedly from the values estimated at emergence, but the weight attained and the
percent weight gain did not vary between photoperiods (Table 2). Unexpectedly,
the mg of triglyceride accrued at 9L: 15D was significantly less and greater than
the mg of triglyceride accrued at 16L: 8D and 18 and 22°C, respectively; however,
there were no significant differences in the percentage of triglyceride gained. Thus,
although the actual values of triglyceride at emergence and after 4 days of being
offered 109, sucrose were significantly lower at 18° under the short day photoperiod,
the relative quantity of triglycerides synthesized was comparable. Discrepancies
in the absolute values were attributed to variability among the groups of mosquitoes
measured.

Discussion

As defined by Clements (1963), “Quiescence is a state of inactivity induced by
an unfavorable environment and it ceases on amelioration of the environment.
Diapause is terminated only after reactivation, i.e., exposure to a factor such as cold
for a period of time.” Faculative diapause in the adults of multivoltine species is
characterized by the accrual of fat reserves usually in response to an exogeneous cue
such as photoperiod. The influence of photoperiod in some mosquitoes is mediated
by temperature which reduces the rate of development, so that a critical number of
short-day photoperiods are experienced and diapause is induced (e.g. Beach, 1978).

In Punjab, differences between the parity rate of biting and resting Cx. tritae-
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niorhynchus females during autumn suggested that the population bifurcates into
gonotrophically inactive overwintering and active non-overwintering segments
(Baker, et al. 1979; Reisen, et al. 1980). Parallel observations have been recorded
in Japan by Fujimiya and Yajima (1976). In Punjab, the rate of insemination
typically decreases in November, as indicated by an accrual of uninseminated resting
females; however, by January all females were inseminated (Reisen, et al., 1977),
suggesting that the uniseminated females either mated or did not overwinter.
Females collected during December and January are typically without blood in the
gut, nulliparous and have Stage I ovaries, although blood fed and gravid females
may be collected during every month of the year. These data suggest that an
overwintering state is perhaps achieved, but loosely maintained due to mild winter
temperature regimens.

In the present study, cooler temperatures and shorter day length elongated
larval development and resulted in the emergence of larger adults with more energy
reserves. These results agreed with studies in Japan by Yoshida, et al. (1974) who
found that cooler temperatures and shorter photoperiods elongated immature
development, and by Nakamura, ¢t al. (1968) and Fujimiya and Yajima (1976) who
found that the diapausing generation was always significantly larger in size than
females that remained gonotrophically active during autumn.

The mating and blood feeding rates were slower and the time from emergence
to initial oviposition was greatly elongated at cooler temperatures, which, through
time, could result in an accrual of uninseminated, unfed nullipars under field con-
ditions. At 18° the shorter photoperiod decreased the proportion of females feeding,
while at 22° the proportion feeding actually increased. These observations contrasted
with the findings of Eldridge (1962) who reported that a Japanese strain of Cx.
tritaeniorhynchus was reluctant to feed on a shaved chick at 28° and 8L: 16D. In
addition, in the present study, little gonotrophic dissociation was observed at 9L:
15D and 22°C, whereas this phenomenon was commonly reported under similar
experimental conditions with strains of Cx. tritaeniorhynchus from Japan, although
rarely observed under field conditions (e.g. Harada, et al., 1968, Takahashi, 1970,
and Oda and Wada, 1973). The rate of triglyceride synthesis from sucrose did not
increase under the shorter photoperiod, but rather decreased with temperature, as
was expected from similar experiments with other species of mosquitoes (Van Handel,
1966a and b).

Survivorship and longevity did not appear to be greatly enhanced, and adults
at all temperatures and photoperiods were dead 6 weeks after emergence. In
contrast, Omori ef al. (1965a), using semi-natural conditions in Japan, induced
Cx. tritaeniorhychus females to hibernate in October and more than 209, of females
fed with sugar survived for more than 20 weeks, November through March. In
Pakistan, females would have to survive at least 15 weeks to overwinter from Nov-
ember through late February or early March, when the first overwintering females
can-be collected at bovid baits. These data suggest that a true diapause state was
probably not induced during the present study.

The results of the present study indicated that some of the attributes charac-
teristic of diapausing Cx. tritaeniorhynchus were induced, although these attributes were
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not separable from quiescence, or cold-induced physiological changes, and did not
impart marked longevity. Speculative explanations included:

1. Incubator conditions were not condusive for diapause; i.e., metabolic
processes were not slowed sufficiently.

2. The photoperiod regimens were too extreme and “not recognized” as the
diapause induction cue.

3. The exposure of the immature stages to a critical number of *“‘short day”
photoperiods does not induce diapause.

In Japan, Omori, ef al. (1965a) were able to induce diapause experimentally
and keep females alive throughout the winter. They found that survival was
enchanced in hibernacula that were continuously dark, had little air movement and
were thermally stable at about 11°C. Conditions in the present study retained a
diel photoperiod, were warmer (min. temp. =18°C), but had reduced air movement
in paper carton cages with a wet cotton pad on the gauze top to increase humidity.
However, the habitats of diapausing females appear to differ considerably. In Japan,
Cx. tritaeniorhynchus females have been collected from brush piles and caves (Bullock,
1959), but crevices and rodent burrows in the stone walls supporting permanent
terraced rice fields seemed to be the preferred microhabitat (e.g. Omori, et al. 1965a,
Wada, et al. 1973). In Punjab overwintering females can be recovered throughout
the winter in closely spaced agricultural crops such as clover (Trifolium spp.) and
in dense clumps of elephant grass (Imperlata spp.). Hibernacula in the Lahore area
of Punjab are thus more subject to diel temperature changes, which ranged in 1978,
for example, from a minimum of 2°C in January to a maximum of 25°C in February,
and are exposed to diel illumination changes. Perhaps, the constant incubator
temperatures of 18°C may have been to warm.

Natural photoperiods in Lahore area range from 14: 17L:9: 43D on 21 June
to 10: 09L: 13: 51D on 21 December, with 11: 00L: 13: 00D occurring on 1 Nove-
ember. Photoperiods in the incubator were markedly longer and shorter than the
natural condition. Some “long day” insects such as Acronycta enter diapause only
after exposure to critical photoperiods; days which are either too long or too short
fail to induce diapause (Lees, 1955). Possibly, the 9L: 15D photoperiod presented
in the present study was not recognized as diapause induction stimulus by Cx.
tritaeniorhynchus.

Bifurcation of overwintering and non-overwintering populations may begin
as early as October in Punjab. At this time, afternoon water temperatures at
breeding sites were 25°C, dropping to 15 or 16°C by early morning; however,
developmental time in nature remained at 6 to 7 days (Reisen and Siddiqui, 1979).
In the present study at 9L: 15D and 22°C, Es, exceeded 13 days, and thus if the
immature stages were receptive to the induction cue, they should have experienced
a sufficient number of ‘“short-day” photoperiods to induce diapause. Our results
suggest that the exposure of the immature stages to a given number of short-day
photoperiods was not the triggering stimulus responsible for diapause induction.
In agreement, Omori, et al. (1965b) used adults reared from their laboratory colony
(no details given) for their diapause experiments, and Eldridge (1962) found that
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blood feeding activity of females reared at 14L: 11D decreased after exposure to 2
to 4 “short-day” (8L: 16D) photoperiods.
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