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ABSTRACT

Twenty apparently healthy Newzealand white male rabbits (average weight =
818.3 + 12.8 grams)} were divided into four groups [five animals eachj. the first qroup
was served as the normal control, the second group was orally adminisiered with Zing
Dirnethyl Diphenyt Bicarboxylate (DDB)/kg.b.w. for 28 successive days. the third greup
was lwicely vaccinated {lwo weelss apar}) with pastevrella mullocida {sero var 5 A)
vaccine. and the fourth group was vaccinated also {as in the third group) along with
DDB treatment fas in the second groupl). At the 29th, day (21 days post sceond rocer
nation) the blood, serum, spleen and liver sumples were obluined from ail cerinmeds. The
haematological, serological, serum protein electrophoretical. biochentical and histopath-
ological studies were carried oul, Results indicated that DDB treotmert induced inmmu-
nostimulant activity due to the significan!{ increase in the total inumunoglobrdins (Goam:
ma — globulins), lymphocyte perceniage and prominent lymphociytic aggregation within
the lymphoid follicles of the spleen, but the increase in the indirect Haemagglulination
specific antibody titer by DDB Ireatment was non-significantly against pasteurella med-
tacida vaccine, also the DDB induced significant inerease in red blood corpuscles and
haemoglobin concentration and reduced ALT-enzynte activity with the improvement in
liver histology in vaccinated rabbils compared to the only vaccinated arinids. Based
on our study, it should be considered that DDB as a proniising imnwmostimudant. Hlood

toric and hepatoprolective drug.
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INTRODUCTION

The Dimethyl Diphenyl Bicarboxylate (DDB] was chemically named as @ Dimethyl-4.4'
dlmelhoxy-5. 6, 5-6-dimethylene dioxybiphenyl-1,2"-dicaroxylate {Akbar et al., 1998). Another
eonunon name of DDB is : bipnenyl Dimethyl Diearboxylate (PMC) wich caled also by many
aulhers (Kim, 2000).

DDB is a synthetic dervative compound of Schisandrin C [one prineiple of Sclusandra Chine-
sis medicinal plant) which now used widely in China as a hepatoprocuve drug in human medi-
eine jor normalizing liver function wilh very low side eflects (I4, 1999), so thal 1DDI3 was nsed for

treaiment of chronic human hepatilis (Sinclair, 1998).

The hepatoprotective elfect of DDB was proven against carbon tetrachijoride hepatotoxicity in
mice {Ip et al., 1998] and ageinst erythronmiycin hepatotoxicily in rat and gour (Helal et al.,,
2003), this hepatoproicctive eflect of DDB {or Sehisandrins) may attributed (o ihe stunulation of
microsomal metabolizing systcm P-450, and this may explain thelr antitoxic, antimutagenic and
anticarcinogenic cffects (L, 1891) and due also to the stimulation ol reduced — glutathione anti-

oxidant system of liver mitochondria (Ip et al., 1995).

The DDB scem to be inmunoprotective against the immunosuppression induced by many in-
munosuppressive drugs as carbon tetrachloride immunotoxicity in mice {Ahn and Kim, 1993),
ketoconazole immunotoxicity in mice (Kim and Kang, 1999) amnd! ethanol inununotoxicily in
mice {(Kim et al., 2000, & Kim, 2000).

DDB could significantly clevated the antiovalbumin [gG in ice by dosc level ol Bimg/kg.b.w.
Tor 28 duys (Kim et al., 1995).

The objective ol the present study is to testing and evaluating the inunune responses which
may be allected by DDB (as a low price, antioxidant, antitoxic und hepatoprolective cdrug)
against pastcurella multoctda (huemorrhagic septicemla) vaceine In rabbils, in order to dhminut-
Ing the pasteurellosis through rising the ellicacy of immunization in rabbils, that animal which

sharing in animal protein production in Egypt.

MATERIAL & METHODS

Twently apparcnily healthy Newzealand white male rabbits {with avcrage body weight of 818.3
+ 12.8 grams) werc obtained from private farm in Kaleubia provinee. All rabbits were put under
observalion for two weeks, then the rabblts were divided Into 4-groups {five animals each). The
first group was served as the normal control. the second group was orally adminislered with 2

mg Dimclhyl Diphenyl Bicarboxylate (DDB)/kg.b.w. Tor 28 suceessive days (the DDB was ob-
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tained from Beljing Union pharmaeeutical Factory. Beijing P.R.. China). the third group was
twicely vaccinated, 2-weeks apart, (at one week before and one week post starting the experl-
ment) with (orinalized pasteurella multocida (sero var 5 : A) vaccine (kindly obtained (vom the
serum and vaccine research institute, Abbassia, Cairo, Egypt) by dose level of 1c.c./rabbit (sub-
cutaneousely), and the fourth group was vaecinated (as in the third group) along with DDB (reat-
ment (as in the second group). All the rabbits of the four groups were weekly weighted in four pe-
rlods (directly bLefore the experiment and three weeks post starting the experiment). Ulood,
seruin, splecn and liver samples were obtained from all rabbits after sacrificing them at the
29th, | day from starting the experiment (21, day post 2"d,, vaccination). The blood samples
were used lor determinatlon of haemoglobin concentration (Wintrobe, 1985). dilterential leuco-
cytic count and red blood corpuscle count (Shalm, 1978). The serum samples weie used {or ser-
ological determination of the specific antibody titres against pasteurella muitocida (Sero var 5 ¢
A) vaccine, using the Indireet (passive) haemagglutination test (Carter, 1988). the serum protein
polyacrylamide gel immunoclectroﬁhoresls {Gordon, 1980), total protein (Doumas et al., 1971).
total liptds (Schmit, 1864), total bilirubln (Jendrassiki, 1838} and the activity of alanine amino
translerase (ALT) enzyme activity {Reltman and Frankel, 1967). The spleen and liver tissue
samples were fixed 1n 10% formalin-saline for histopathological techniquc {Bancroft ¢l al.. 1996)
and the histopathologtcal lesions were microscoplcally identitied.

The obtained data were statistically analysed using F-test (ANOVA) (Snedecor and Cochran,
1969).

RESULTS
1- The specific antibody titres :

DDB induced non-significant Increase of the specific antibody titres against pasteurella mul-
toctda vaccine in vaccinated rabbits than that of the vaccinated alone (Lable, 2).

2- Differential leucoeytic count :

a- Neutrophil & Eosinophil percentages : the neutrophil and eosinophil percentages were
significantly decreased in the two vaccinated groups ol rabbits than the other non-
vaccinated groups.

b- Lymiphocyte percentage : the lymphocyte percentage increascd signilicantly in rabbits
trcated with DDB, than control group, but in the vaccinaled rabbits. DDB induced

non-significant increase of lymphocyte percentage than vaccinated non-treated animals.

¢- Monocytc and Basophil percentages : the monocyte and basophil percentages were non
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significantly changed within the groups (table, 3).

3- Serum protein immunoelectrophoresis :

a- Alpha (a) globulin fractlons : DDB treatment of non-vaccinaled rabblls induced signili-

cant increase ol a-globulins than the control rabblts.

b- Bela (b) globulins : the b-globulins non-signlfieantly changed within groups ol the rab-
bits.

c- Garmnma {g) globulins (immunoglobullns): the g-globulins were signilieantly increased in

both DDB treated groups of rabblts {vaccinated or non-vaccinated) than the other corre-

sponding non-DDB treatcd groups.

d- Total globulins : The total globulins werc increased significantly in all groups than con-

trol.

e- Albumin : the albumin was significantly increased by the two vaccinaled groups of rab-
Lits than control rabbits. DDDB not aflfect the albumin concentration. The dillerent pro-

tein [ractions are tabulated in {able (4).
Some serum biochemlical constitutents :

a- Alanine amino transferase [ALT) enzyme activity : the ALT enzyme level was reduced in

DDB treated groups than the other groups (table, 5}.

h- Total bilirubin and total protein : Both the total bilirubin and the total protein were sig-
nificantly increased in bothh vaccinated groups than that ol the two cllicr non-

vaccinated groups (table, 5).

5- The recd blood corpuscle (RBCs) count ; the RBCs was signilicantly increased by DDB
trcated groups of rabblts than that of the other groups (tahlc, 6).

6- The haemoglobin (Hb) concentration : the Hb eoncentration only increascd signilicantly

by DDB treated (non-vaccinated) rabbits than control (table., G).

7- The body weights [B.W.): The B.W. was non significantly alfectcd between the lour
groups ol rabhits in the four studled periods (table, 7).

8- The histopathologleal leslons : the microscopical cxamination ol the spleen and liver tis-

sues of rabbits were recorded in the [ollowing table (1):

DISCUSSION

No available data eoncerning the use of DDB as a direct immunostimulant drug. cspecially
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against certain vaccination or discase, but many authers were used this drug as a protective

agenl againgt the inununoesupression induced by the immunodepressanls Tor several years apo.

In the present sindy, the DDDB trecatiment seem Lo be immunostimulant doe lo its induetion of
sighificant increase of both iimunoglobulins (ganima-globulins) and the circulatuy hanphocyles
than the conlrol cabbits, but the specifie antibody titer of the passive hacmagglhatination {(MLA))
test against pasicurella multocida vacelne increased non-signilicantly by the DD freatment
than that of he vaccinated alone. This non-significant increase of LLAL titer perhaps attvibuted
to the small dose of DDB used {(2mg/kg.L.w., a dose near that used for human therapy) com-
pared o the dose level of 6mg/kg.bow. which could indueced a significant increase ot (he speetlic
H.A. litre againt sheep RBCs fminunization in carbon tetrachloride intoxicated mice (Ahn and
Kim, 1993). So that, different levels above 2mg/ kg (with satety evaluation) shiould be tried to in-
crease the 11LA. tilre against rabbil pasteurclosis along with determining thie (vpe of annuno-

globulin(lg) associated through further investigalions.

The inumunoglobulins (g-globulins) In animals were @ 1gG, [gM, JgA, and W2 {161 in v only)
{(Mancini et al.,, 1965 & Iamarino, 1972), while albumin, a-and J-globulins are synthiesized in
the liver, the g-¢globulins are synilhesized by the plasma cells which maturated lIroan the B-
lymphocytes in the splecn, bone marrow and lymph nodes (McPherson, 1984 & Duncan and
Prass, 1986). So that the hypergamma v- globulinemia induced by DDB (reatmend in the
present siudy may explain the significant increase of thie circulating lyniphocytes. (the prominent
Increase of lymphocytic aggregalion in the lymphoid follicles of the spleen and the perivaseular
aggregalion ol lymphoceyics in the liver of DDDB treated and vaccinated group ihan that ot vaeci-
nated alone. Approximately 20% of the circulating lymphocytes are 3-lymphocytes and the re-

mainder being the T-lvmphocyles (Jain, 1960).

The current study revealed hyper alpha (o} globulinemia in DOB treated (non-vaccinated) rab-
bits than control animals. The elevated levels of some w-globulins have been veported in rats
with some chemicals as the 3-methyl -4- dimethyl aminobenzene administration {Dolezalova et
al., 1983).

The present study revealed the presence of significanl deercase of either neutrophils (neutro-
penia) or eosinophils {eosinopenia) in the two vaccimated groups than control. Neutropenia Ly
oceur following diphenyl hydantoin administration {Young et al., 1975).

Our study revealed a signilicant decrease of ALT enzyme activity in DDB (reated rabbits than
non-treated ones. Such results could be obtained in rat and geat by Helal et al. (2003) and (iis

tmay be attribuled to the antioxidant and antitoxic effect of DB (Li, 1991) und cansequently

DDB suggesied Lo proteet hepatocyles from fast rate of degeneration which ny ocene through
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the normal degencration and regeneration provess of hepatocyles. and this need lurther clarili-

cation,

The present study revealed a signilicant increase of red blood corpuscles (RBCs) counl in the
DDB treated groups than the other non-trealed groups, but the haemoglobin (F] concentration
increascd significantly only by DDB treated (non-vaccinated) group than control. This increase ol
RBCs and HbL suggesting the haematonie ellect of DDB therapy in rabbits, perhaps doe 1o the
protective eflect of DDB against RBCs haemolysis and consequently lead to prolonging the RIICs
life span in a manner similar to hepatoprtective effect ol DDB (hrough its antioxidant and anti-

toxic propertics (Ip et al., 1998).

Based on lhe current study, il could be concluded that DDB showed a promising immunos-
timulant effect (due to the signilicant inereasc of cither total immunoeglobulins or lvinphocyte
percentage), blond lonic elfect (due to the signilicant inercasc ol either RBCs counl and |g. con-
centration) and hepaloproteetive ellfect (due to lowering ALT-cnzymie activity). Tlhie ather varlous
immune responscs at vartous levels of DDB (with salety cvaluation) should be iried (o cvaluate
the use of DDI3 as an inmunestimulant drug to various vaccines or infcetious diseascs. beside
the using il either as an immunoprotective agent against the immunodepressanls or as o hepa-

toproteclive ayund against the hepatotoxicants.
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Table (1): The histopathological lesions of DDB lrcated rabbits for 28 days (vaccinaled

and non-vaccinated with pasteurella (imultocida vacemne).

(2mg/kg.b.w.) for 28 days

~ Grou ps Spleen Liver
DDB ircated {non- | * Slight lymplocytic aggregation | *  Slight  degenerative
vaccinated) Broup in the tymphoid follicles than changces.

control.

Vaccinated group

Slight 1o moderate aggregation
of Iympho-cytes in Ihe
lymphoid follicles.

Depletion of the white pulps

(Fig.1).

* Dilalation of the central |
VCINS.

* Clear vacuolation
the hepatocyics.

* Degenerative changes
of the hepalocyles

(Fig.3)

of

Vaccinated + DDB treated
group

Promtnent increase of lympho-
cylic  aggregations  in the
lymphoid folliclcs.

Mild hyperplasia in the white
pulps.

* Hyalinized central arteriofes.
* Slight hemosidcrosis (Fig.2)

* Slight congestion of the
central veins.

* Mild to Prominent
pertvascular
fymphocytic
aggregations.

*  Slight  decgenerative
changes of hepatocyles

* Mild lcucocytic aggre-
gation in thc liver
issuc

(Fig.4).

Table (2): The specific antibody iters of the rabbits treated with DDB (2mg/kg.b.w. for
28 days) and/or vaccinated with pasteurclla mulltocida (Sero var 5 @ A)
vaccine as mceasured will the indircct (passive) hacmagglutination lest.

Groups Control | DD Vaccinated Vacecinated LSD T
groig treated group +DDB {at P <0.05)
group treated
group
Titer ranges 1/2-1/8 | 1/2-1/8 1/512 1/512- -
| 1/2048 1/4096
Log o-values of the | 0.602° 0.602° 2.860° 3.161° 0.440
reciprocal lilers +0.085 +0.120 +0.135 +0.135
{Mcans + SI3) L

N.B.: |- L8D = Least Significant Difference {(at ' < 0.05).

2- DifTerent littes in rows denotce significant change {at P < 0.05)

Mansoura, Vet. Med, J.

Vol. VI, No. I, 2004



Soliman, 4. S. ct al,...

Table (3): The differential leucocytic count of rabbits treated with DDB (2mp/kg.b.w. for
28 days) and/or vaccinated with pasteurclla mullocida vaccine.

N.B.:

] Groups Neutrophil | Lymphecyte | Monocyte Eosinﬂphil'- Basbplﬁﬂ
. %o (%) (%) ] (%) (%)
Control group 23.756" 58.58° 7.974° 7.758° 1.93°
L 3.7 * x +
- _ 3.33 . 0.69 1.40 0.23
DDB treated group | 17.42° 70.67° 6.81° 3.538° 1.56°
(2mg/kg.b.w. for 28 + + + + +
days) 2.02 2.35 0.539 0.72 0.62
R T R B T i N BN T LI YT U
+ * * T +
| 2.83 8.57 0.86 0312 | 024
Vaccinated + DDB | 6.548" 83.30° 6.68° 1.822" | 1.662°
treated group + + + + +
0.75 1.74 132 0.44 0.46
LSD 9.440 10.441 N.S. 2.922 N.S.
(aP<008) |

1- Diflerent litters in columns denole significant change between mcans (at P < 0.05),
2-N.S. = Non-significant change.
3- 18D = Least Significant Different (al P < 0.05)

Mansoura, Vet. Med, J.
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Table (4); The serum1 protein unmunociectrophoresis of rabbits treated with DDB
(2mg/kg.b.w. for 28 days) and/or vaccinated with pasteurclla multocida
vaceine,

57

Alpha(a) | Betal (B) | Gamma (y) Tolal Albumin Tolal
Groups globulins | Globulins | Globulins | globuling proicin
(dl) (g/dl) d) | d) | (gd) | (gd)
Control group 1.047° 1.210° 0.607° 2.864° 3.403° 6.267°
+ h x * x T
L 0.165 0.084 0.111 0.335 0.316 0.115
' DDB group | 1.770° | 1.260° 1.705° 4735 | 3.195° 7937
(2mg/kg.b.w. for + + + + + +
28 days) 0.97 0.258 |  0.134 0.319 0.306 0.298
Vaccinated group | 1.186° 1.612° 0.693° 3.491°¢ | 4363° 7.854°
x + X x T .
0.291 0.111 ~ 0.098 0.311 0.393 0.122
Vaccinated ~ +| 1.270° | 1.271° 1.176° 3.717% | 4.290° | 8.0077
DDB treated + + + + + +
group 0.226 1.304 ~0.102 0.226 0.253 0.298
LSD 0.298 N.S 0.356 0.181 0.397 0.674
(at P < 0.05)

N.B. : 1- L8D = Least Significant Difference (at P < 0.05).
2- Ditlerent litters in eolurmns denote signilicant change (at I < 0.05)

Table (5): Some scrum biochemical constituents of rabbils treated with DDB
(2mg/kg.b.ow. for 28 days) and/or vaccinated with pasteurella mullocida

vaccine,
Groups ALT-enzyme | Total Bilirubin Total Protein

activity (U/L) (mg/di) (g/dl)

Control Group 12.096° 0.286" 6.267*
T + t

1.843 0.032 0.115

DDB group (2mg/kg.b.w. 4.752° 0.349° 7.930°
for 28 days) T + +

0.058 0.003 0.298

Vaccinated group 9.504° 0.637° 7.854"
i * x

1.958 0.048 0.122

Vaccinated + DDB treated 3.832° 0.762° 8.007"
group L + t

0.2606 0.045 0.298

LSD 3.607 0.134 0.674

| (@P<0.05)

N.B. : I-LSD = Lecast Significant Dilfercnece (at I? < 0.05),

2- Different litters in columins denote significant change (at P < 0.05)
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Table (6): The Red Blood Corpuscles (RBCs)} count and the Haemogiobin concentration
ef the blood of DIDB treated (vaccinated and non-vaccinated) rabbits.

n (iro(jj—a.;s Coatrol | DDB/ weated | Vaccinated | Vaccinated + LSD
aroup group group DDB treated | (at P <0.05)
(2mg/kp.bow, group

S S for 2% days)
KUBCs  count | 3, 54G,000° | 6,450,000° | 3,690,000% | 5,320,000° 273,028

(million/cu.m, + + + +
o 141,421 | 126492 | 89,443 219,818
Hactoglabin 19.855° 24765° | 19.590° 20.39° 3.091
conc, (p/dl) + + + h
o toso 0.346 | 0.980 0.700
N (3

- The different Iitiers it rows denotes signilicant changes between means (at P <0,05)
- .S ~ Least Symificant Difference (at P < 0.05).

Table (7): The body weights (B.W.) of the diffcrent groups of rabbits treated with DDB
and /or vaccinated with pasteurclia multocida vaccine.

Oroups | Beforc After | week | Afiler 2 weeks | After 3 weeks
experiment
_______ (zm) (z) (gm) (gm)
Control group §22.8" 871.47° 990.5% 1132.2°
* & t *
L 32.669 36.415 28.69 24.74
DDB  group 836.4° 895.1° 1042.2° 11251% |
(Zmy/kgbow. + A + +
for 2§ days) 37.57 35.12 28.16 17.23
[vaccinated 755.2° 915.1° 1054.5° 1035.4°
group + + + £
58.77 63.83 88.17 63.99
Vaccemated §38.8° 862.5° 940.9° 1051°
DB trealed 3 + + +
| group J 47.02 56.25 79.80 97.8
LSD { N.S. N.S. N.S. N.S.
{2l P < 0.05)

M. 2 NLS. = non-significantly changed

Marnsoura, Vet, Med. .J. Vol. VI, No. 1, 2004
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Fig. (1) : Splecn section of rabbil vaccmated with pasteurclla multocida vaccine,
Showing depleted white pulps (11 & E X 150).

3

o

Fig. (2) : Spleen scction of rabbit orally adimninisiercd with 2mg DDB/Ly.b.w. for 28 days
and vaccinaled with pasteurella mullocida vaccine, showing wild hyperplasia in
the white pulps and hyalinized central arlerioles (H& E X 100)

Mansoura, Vet. Med. .J. Vol. VI. No. 1, 2004



Solirman, A. &. et al ...

Fig. (3) : Liver scciion ol ratbiv posl pasteurella multocida vaccination showing
vacuolation of the hepatoaytes, (H&E. x130)

9

Fig. 4) : i~er scction of rabbit administered Zmg DDB/kg.b.w. [or 28 days and vaceinated
with pasteurella multocida vaccine, showing mild leucocytic aggregation in the
fiver tissne  (H, . X 100}

Mansoura, Vet, Med. .J. Vol. VI, No. 1, 2004
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