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ABSTRACT KEYWORDS
Theimmune system isthe defense mechanism of the body and currently a Immune system;
number of disease conditions are on increase worldwide that either I mmunomodulation;
exaggerate or suppressit. The study investigated the immunomodul atory S.anguivi;
activity of thetotal crude extractsof S. anguivi (indicum) in Wister albino Extracts.

rats. Four groups each with 6 healthy adult animals of either sex weighting
between 80 to 150g were used. Group | was dosed each with 1mL
intragastrically of normal saline. Groupsl|, 11 and 1V wereeach given 1mL
of total crude extract of 125 mg/K g bwt, 250 mg/K g bwt and 500mg/K g bwt
respectively daily for 14 days. On the 15" day, whole blood was collected
by puncturing the retro orbital vein of the rats. The RBC, immune blood
cell count, HA titer and DTH were determined. Increasing the dose of the
extract from 125 to 500mg/K g bwt caused a reduction in the mean WBC
count. Thereduction at adose of 500mg/K g bwt was statistically significant
(p<0.05) as compared to the control group. The mean RBC count was
higher than for the control group for all the doses but was not statistically
significant (p>0.05). The mean % lymphocyteswere higher for all the doses
than the control group but with no statistical difference between the 2
groups (p=>0.05) though however, there was a dose-dependent reduction
inthe mean % lymphocytes. The mean % lymphocyteswere higher for all
the doses than the control group but with no statistical difference between
the 2 groups (p=>0.05) though however, there was a dose-dependent
reduction in the mean % lymphocytes. The HA titer was higher than the
control group and was statistically significant (p<0.05) at 125 and 250mg/
Kg bwt as compared to the control group. The neutrophil adhesion were
higher than the control group but were not statistically significant. The
DHT werehigher than for the control group and was statistically significant
(p>0.05) at adose of 500mg/K g bwt after 12 hoursand 125mg/K g bwt after
24 hours. The results show that the total crude leaf extracts of S. anguivi
contained compounds with immunomodul atory activity.
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INTRODUCTION

Theimmunesystem isthe defense mechanisms of
the body and responds to the foreign bodies by two
maj or mechanismsincluding thehumoral and cell-me-
diated immuneresponses. Humora immunity responds
by antibody dependent and are produced after the B-
lymphocytes havetransformed into plasmacellsthat
areresponsi blefor secreting antibodied*®. The anti-
bodiesarefredy circulating intheblood (plasma) and
other body fluid compartments. Thecell-mediatedim-
munity involvestheactivation of celularimmunecdls
such asleucocytes, macrophages, natural killer cells
(NK), antigen-specific cytotoxic T-lymphocytes, and
therelease of various cytokinesin responseto an anti-
gen’”8, Theresponseof theimmunesysemmay at times
be either exaggerated (immunostimulation) or sup-
pressed (immunosuppress on). Immunostimul ation pri-
maxrily involvesstimul ation of the non-specificimmune
system like the granul ocytes, macrophages, comple-
ment and certain T-lymphocytesby themicrobial infec-
tions, paragiticinfection, environmentd factors, chemi-
calsand drugsthat may |ead to hypersensitivity reac-
tiong*¥. Theimmunosuppression may result fromvira
infectionssuch asHIV, bacterial infections, stressas
well asenvironmental or chemotherapeutic agents.
In some cases, activation of theimmune system may
lead to hypersengtivity reactions. Hypersensitivity re-
actionsleadsto undesirable damaging, discomfort that
may sometimes|ead to fatal body reactionsthat are
classified accordingto Coombsand Gell (1975)Y, into
four different types: typel, typell, typelll andtypelV,
based on the mechanismsinvolved and timetaken for
thereaction to occur’>, Frequently, aparticular clinicd
condition (disease) may involve morethan onetype of
reactionwiththeimmunoglobulin or antibodiesandim-
munecdlsinvolved®23, Immunoglobulinsaredivided
into 5 classes- IgM, 1gG, IgA, IgE, I1gD that can be
distinguished biochemically and functional l 51219,

However, the immune system is regulated by
immunomodulation by variousimmunomodul aor agents
that can be a protein such as vaccines, microorgan-
isms, adrug or chemica or herb*71617, Modulation of
theimmuneresponsesto dleviate di seases has been of
interest to many hedthworkersand generad population
worldwidefor many years®19. Currently thereisin-
creased scientificinterest in agentsthat can modul ate
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theimmune system in severely immunocompromised
individuaslikein casesof HIV, siress, malnutrition and
many others?¥, Theavailableimmunosuppressiveand
immunostimulating agentshavemgor limitations; indud-
ing adversedrug reactionsand toxicities, aswell asin-
creased risk of infection dueto their prolonged usein
casethey causeimmunosuppression. Thedrugsaredso
expensive and may not be easily accessibleto all the
peoplewho may need them. Asaresult, many people
worldwide haveresorted to theuseof medicind plants
that have either immunosuppressing or
immunostimul ating effectsin thebody inform of me-
dicind plant products(Nutriceuticals). Thenutriceuticas
areused to stimulate or suppressthecell-mediated and
humoral immune body responsesagainst invading for-
eign bodies. A number of medicina plants have been
reported globally and used by thetraditional herbaists
andthecommunities’ in the modulation of the immune
systemin both devel oping and devel oped countries. The
herbs have gained advantages over the conventionally
used drug dueto the presumed less side effects, lack of
accessto modern drugs, unaffordabl e cost and inac-
bility tothe healthcare services especidly to many
peopleinrural resourcelimited areas81%. Many pri-
mary and secondary plant metabolites havebeenfound
to modul ate theimmune system function through the
cell mediated and humora responsesby either stimu-
lating or suppressi ng the different stages of hemopoie-
sig?2i, Among the herbs used includethe M eliaceae
family that hasbeen widdy usedin naturad medicinefor
immunomodul atory activity, antivird, anthemintic, anti-
inflammatory and anti-rheumati c activiti eg?240414348],
Theanti-inflammatory and anti-rheumatic properties of
some membersof thisfamily, like Azadirachtaindica
and Munronia pumila, have been reported to havean
effect on theimmune systemi??, Also some of these
medicind plantsused for immunomoduletion havepro-
vided potentid dternativesto conventiond chemothera-
piesfor avariety of diseases, especially thosethat |ead
toimpairedimmuneresponsg?. Amongthemedicind
herbs reported to modul ate theimmune responsein-
cludeAfrican potato, Ovacado and many othersthat
areused by theloca communitiesand traditional herb-
alists asimmune boosters?*#, S anguivi isacom-
mon herbin Ugandathat isused asafood and asherbal
medicineintreatment of variousdiseaseconditionsand
asanimmunebooster by thelocal communities.
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Sanguivi isashrubthat growswell intropical re-
gionsof theworld?¢28, |t isused asafood and medi-
cineby many peopleworldwideespecidly inthetropi-
cd regionsof theworld like Ugandd®?. Theherb has
many medicinal vauesincluding being reportedto be
used intreatment of hypertension, urinary tract infec-
tions, asanimmune booster; diabetesmdlitusby low-
ering blood glucose absorption from the gastrointesti-
nal tract, enhancement of kidney function, lower blood
pressure and it isal so used by women after birth be-
causethey believethat itincreasesmilk productiont?!,
Theherb hasbeen reported to contain avariety of com-
poundsthat havemedicina vauesinduding seroidsand
triterpenoids, akaloids, reducing sugars, tannins, ste-
roid sgponins, isoanguivine, protodioscin, solasonineand
solamarging®3, Also steroida glycosidesindiosides
A-E have beenisolated. Antioxidant compounds such
as ascorbic acid, carotenoids and polyphenals,
polyphenols, severa phenolic acidsand flavonoids,
caffeoylquinic acids, caffeic acid, flavonol glycosides
and naringenin havea so been reported®333, Though
it has been reported as an immune booster, its
immunomodulatory activity hasnot been scientifically
documented despite itswide useasafood and as a
medi ci ne to manage various disease conditions. The
study investigated theimmunomodul atory activity of S
anguivi on both the humora and cell-mediated immune
responsesinWister albino ratsin which thecomplete
blood count (CBC), immune blood cell count,
haemaggl utinating antibody (HA) titer, neutrophilsad-
hesion and delayed-type hypersensitivity (DTH) re-
sponseweredetermined.

MATERIALSAND METHODS

Sudy design

An experimental study investigated the
immunomodulatory activity of S anguivi onboththe
humora and cell-mediated immuneresponsesin Wister
albino ratsin which the complete blood count (CBC),
immuneblood cell count, haemagglutinating antibody
(HA) titer, neutrophils adhesion and del ayed-type hy-
persensitivity (DTH) reaction were determined using
standard methodsand procedures.

Processing and extraction
After theverification process, the collection of the

selected plantswas carried out according to the stan-
dard procedure®¥. Fresh matureleaves of Sanguivi
were collected, identified by abotanist and voucher
specimen was deposited at the Makerere University
Herbarium. Theleaveswere cleaned with clean water.
They wereair-dried in ashade until constant weight
was obtained. Dried |leaveswerethen pulverized into
coarse powder for extraction process. The medicina
plant wasextracted serialy using ether and ethanol sol-
vents. About 500g of theleaf coarse powder were put
in Erlenmeyer flasksand soaked in 1500mls of ether
solvent for 72 hourswith occasiona shakingtofacili-
tate the extraction process. The mixturewasthenfil-
tered usng Whatman No.1 filter pgper usngaBuchner
funnel and asuction pump. Theresiduewasair-dried
for about 2 hoursin preparation for ethanol extraction.
It was soaked in 1500 ml of 96% ethanol and the pro-
cedure was repeated asfor the ether extraction. The
ether and ethanol solventswererecovered fromtheex-
tracts using a Heidolph rotary evaporator (BUCHI
Rotavapor R-205 mode!) to obtain semi dry ether and
ethanolicleaf extracts. They werethen mixed in equa
proportionsto obtainatota crudeextract that wasused
intheexperimenta studies. To atain completedry tota
crudeleaf extract of S. anguivi, the mixture was kept
at room temperature for oneweek to allow complete
evaporation of the ether and ethanol solventsthat were
used intheimmunomodul atory studies.

Preparation of the total crude leaf extract stock
solution and different concentrations

Thetotal crudeleaf extract stock solutionwas pre-
pared by dissolving 2500mg of the extract with afew
drops cooking oil and then topped up with normal sa-
line to produce a concentration of 2500mg/5mL
(500mg/mL.). A concentration of 125, 250 and 500mg/
Kg/mL of thetota crudeleaf extract were prepared by
serid dilutions. Normd sdinewith cooking oil wasused
ascontrol.

Sudy animals

About 24 hedlthy adult Wistar albino ratsof either
sex, wei ghing between 80-150g were used in the studly.
Theanimaswerehoused in sandard environmental con-
ditions (temperature 25°C; photoperiod of approxi-
mately 12 hoursof naturd light per day; rdative humid-
ity of 50-55%) in order to acclimatizethem beforethe
experiment according to standard conditions. Theani-
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malsweretreated inahumaneway asper the standard
European guiddineson useof Laboratory animal 3%,
Thesckly, pregnant and nursaing motherswereexcluded
fromthestudy.

Group treatment of experimental animals

The 24 experimental Wister albino ratswere ob-
tained from the Department of Pharmacology and
Therapeutics, Makerere University College of Health
Sciences. They weresix weeksold, visually healthy
looking albino rats of both sexeswererandomly se-
lected for usein evaluation of theimmunomodulatory
activity of thetotal crude extractsfor the herbs. The
anima swere grouped into 4 groups; each group con-
sisted of six animals (3 malesand 3females). Group |
was dosed with 1ImL of normal salineand cooking oil
mixture (control group). Group Il wasdosed 125mg/
Kgbwt/mL. Group 1l was dosed 250mg/K g bwt/mL.
Group IV was dosed 500mg/K g bwt/mL. Theanimas
were being feed on standard pellet food and were pro-
vided withwater ad-libitum. The animalswere dosed
with respective doses daily for 14 days. On the 15"
day, wholeblood was collected by puncturing theretro
orbital vein of theratsfor theimmunomodul atory ex-
perimentd studies.

Preparation of sheep red blood cells (SRBC) as
antigens

Fresh blood was collected from asheepinasterile
bottle containingAlsver’s solution (2 %dextrose, 0.8%
sodium citrate, 0.05% citric acid and 0.42% sodium
chloride). Thesheep red blood cells(SRBC) werethor-
oughly mixed and washed threetimeswith normal sa-
lineand each time centrifuged at 3000 rpm for 5min-
utes. Thesupernatant wasthen discarded. The SRBC
got werewashed againwith sterilized phosphate buffer
saline (pH 7.2). Thetotal SRBC was counted using
Neubauer chamber and finally 1x108 SRBC (1.5mL)
wereinjected intraperitoned |y for sengtizationand chal-
lenging theratg®".

I mmunomodulatory bioassays

Determination of completeblood count (CBC)

Thewholeblood from groupsl, I1, Il and IV were
collected by performing aretro-orbital puncture. The
blood was collected into a clean EDTA-containing
vacutainers. The CBC wasdetermined using automated
hematol ogica Coulter CBC-5Hematology Anayzer
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equi pment using standard procedures. The print outs
were madeand different parameterswereentered in
Exce spread sheet for each animal in preparation for
statistical analysis. The RBC count, WBC count and
differentid count or cdl-mediated immuneresponse (im-
muneblood cdls- % neutrophils, % basophils, % eos-
nophils, % monocytes and % lymphocytes) were de-
termined and evaluated.

Determination of humoral immuneresponse- he-
magglutination antibody (HA) titer

The study was conducted according to Puri et al.
(1993) method®. Four groups of rats were used.
Group | wasgiven 1mL of normal salineorally for 14
days. Group II, 1l and IV were pre treated (orally)
with ImL of 125 mg/K g, 250 mg/K g and 500mg/Kg
of thetota crudeextract daily for 14 days. Theanimas
werethenimmunized by injecting 0.1ml of SRBCssus-
pension containing 20 ul of 5x10° cdllsintraperitonedly
on the 15" day. The day of immunization wasday O.
Theanima scontinued to receivenorma sdine+ cooking
oil and 125mg/K g, 250 mg/K g and 500mg/K g bwt of
thetota crudeleaf extractsintheir respective groups
for the next 14 days. Blood samples were then col-
lected from each animal by retro-orbital punctureon
the 15" day (after immunization) into aclean clot-acti-
vated vacutainer. Theblood sampleswere centrifuged
at 1500 rpm for 5minutesto obtain serum. Theserum
was collected and the haemaggl utination titer was de-
termined using microtiter plates. Two-fold dilutions
(0.025 ml) of seraweremadeinthemicro-titer plates
using normd sdine. Toeachwdl, 0.025 ml of 1% (V/v)
SRBC was added. The plates were incubated for 1
hour at 37 °C and then observed for haemagglutination.
Thehighest dilution giving haemaggl utinationwastaken
asthe antibody titer, which wasexpressed in agraded
manner, theminimum dilution (1/2) beingranked as 2.

Deter mination of neutr ophil adhesion

The study was conducted according to Shuklaaet
al. (2009) method™®. The animalsweredivided into
four groupseachwith six rats. Group | wasgiven ImL
of norma saline+ cooking ail oraly. Groupsll, Il and
IV were given ImL of 125 mg/Kg, 250 mg/K g, and
500mg/K g bwt/day respectively orally daily for 14th
days. On 15" day, blood sampleswere collected from
each of theanimalsfor dl thegroupsby puncturingthe
retro-orbital vein into a clean EDTA containing
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vacutainers. Thetotal leukocytecel (TLC) and differ-
entid leukocytecell (DLC) count weredetermined us-
ing automated hematol ogical Coulter CBC-5 Hematol-
ogy Analyzer equipment using standard procedures.
Afterinitia counts, blood sampleswereincubated with
nylonfibersfor 15minutesat 37 °C. Theincubated blood
sampleswereagain anayzed after removingthenylon
fibersfor TLC and DL C respectively to give neutrophil
index of blood samples. The percentage neutrophil ad-
hesionwascd culated usingthefollowingformula
Neutrophil adhesion (%) = (Nlu —NIt) x 100/NIu
WhereNluistheneutrophil index of untreated blood
samplesand NItistheneutrophil index of treated blood
samples. The mean percentage (%) Neutrophil adhe-
sonwascalculated.

Determination of delayed-type hypersensitivity
(DTH) response

The study was conducted using standard
methodd® . Wigter dbinoraisweredividedinto 4 groups
each comprising of 6 rats. Group | wasgiven 1mL nor-
md sdineordly. Group 1, 11l and IV weredosed 1mL
of 125 mg/K g, 250 mg/K g, and 500mg/K g bwt/day re-
spectively oraly daily for 14 days™l. Theratswerethen
challenged onthe 14" day with 20 ul of 5x10° SRBC/ml
subcutaneoudy intotheright hind foot pad. Footpad thick-
nesswasmeasured using avernier caliper at 0 hour, 12
hours, 24 hoursand 48 hours after the challenge. The
differencesobtained for pre- and post chdlengefootpad
thicknesswas taken asthe measurement of DTH and
wasexpressedinmm.

Satistical dataanalysis

That datafor RBC, WBC count, % neutrophils, %
basophils, % eosinophils, % monocytes and % lym-
phocytes, HA titer, neutrophilsadhesonand DTH were
analyzed by the Excel statistical package using the
Student’s t-test. The mean values were compared with
the controlsfor al the 4 groups. Datawas expressed
as mean standard deviation(S.D.) of themeans. The
mean differences between thetest group that received
thetotal crude extractsand control were considered
significant whenp <0.05.

Ethical consderations

All thenecessary ethical issuesand animal rights
werecond dered throughout theexperimental sudy. The
experimentswere conducted in accordance with the

international ly accepted principlesfor |aboratory ani-
mal useand care'®.

RESULTS

The immunomodulatory activity of S. anguivi
(indicum) ontheimmunesystem both the cell-mediated
and humora immuneresponsesinWigtar dbinoratsin
which the RBC count, WBC count, differential count
(% neutrophils, % eosinophils, % basophils, % mono-
cytesand % lymphocytes), HA titer, neutrophil adhe-
sion and delayed hypersengitivity test (DHT) werede-
termined. The results showed that there was adose-
dependent reductionin the mean WBC count. Thedose
at 125mg/K g bwt had a higher mean WBC count of
13.7£1.6x10%/uL of blood as compared to the
13.1+0.2x 10%/uL of the control group. The mean WBC
count at 500mg/K g bwt wasdtatisticaly different to that
of the control group (p<0.05). The mean RBC count
were higher than that of the control group for al the
doses (125, 250 and 500mg/K g bwit) but therewasno
statistical difference between the 2 groups (p>0.05)
(TABLE1). For thedifferentid count, themean % neu-
trophilswere higher at adose of 250mg/K gbwt ascom-
pared to the control group but for all the doses, there
was no statistical difference between the 2 groups
(p>0.05). Themean % lymphocyteswerehigher for dl
the dosesthan the control group but with no statistical
difference between the 2 groups (p>0.05) though how-
ever, therewasadose-dependent reductioninthemean
% lymphocytes. Themean % monocytes, mean % eos-
nophilsand mean % basophilswerelower for al the
doses ascompared to the control group with no statis-
ticd differencebetweenthe2 groups (p>0.05) (TABLE
1). Themean heamagglutination antibody (HA) titer lev-
elsfor dl the doses were higher than for the control
group. However therewasastatistical differenceat a
dose of 125mg/Kg bwt and 250mg/K g bwt as com-
pared to the control group (p<0.05)(TABLE 2). The
mean % neutrophil adhes onswere higher than the con-
trol group though therewasno statistical differencebe-
tween the 2 groups (p>0.05) (TABLE 3). Thedelayed
type hypersensitivity test (DHT) response for al the
doseswerehigher than for the control group for the 12,
24 and 48 hoursafter theinjection of SRBC antigensin
thefootpad of theWistar Albino rats. The highest re-
sponsesinthefootpad thicknessfor al thedoseswere
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observed after 12 hours of injection of antigensinthe
anima footpads Thehighest response (150% increment)
intheincrement of thefootpad thicknesswas observed
at adoseof 125mg/K g bwt and 109.3% increment at a
doseof 500mg/K g bwt and therewas statistical differ-
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ence(p<0.05) ascompared tothe contral group. Overdl
there was atime-dependent reduction in the footpad
thicknessfor all the dosesfrom 12 hoursto 48 hours
after theinjection of SRBCinthefootpad of theanimds
(TABLE4andfigurel).

TABLE 1: Effect of different dosesof thetotal crudeextractsof S. anguivi onthemean CBC

M ean differential count +£SD (%)

NE

LY MO EO BA

Medicinal Dose Mean WBC Mean RBC
herb (mg/kg) x10%pul +SD x10%/ul £SD
125  137+1.6° 81+04°
Solanumanguivi 250  11.9+4.2° 7.7+1.2°
500 9.0+1.9* 81+0.1°
NS+C 1mL 13.1+0.2 7.3+£0.3

13.2+2.8° 835+4.8" 2.7+6.7° 0.39+0.35° 0.56+0.49"
16.2+0.8° 81.7+1.0° 1.1+0.21° 0.36+0.64" 0.67+0.07°
15.2+3.7° 81.0+4.6" 1.6+0.0° 0.80+0.21° 1.45+0.71°
15.5+1.6

776+0.1 4.6+187 0.88+0.07 1.55+0.21

Key : adenotes p<0.05 and b denotes p>0.05; NE-Neutrophils, LY- Lymphocytes, M O- M onocytes, EO- Eosinophils, BA- Baso-
phils WBC- White Blood Cell count, RBC- Red Blood Cell Count, SD- Sandard Deviation; NS+C — Normal saline + cooking

oil
TABLE 2: Effect of varying dosesof thetotal crudeextract of
S. anguivi on heamagglutination antibody titer

M edicinal Dose M ean p
herb (mg/kg/bwt) Heamagglutination value
antibody titer (=SD)
125 14.0+£5.7% 0.037
S. anguivi 250 15.2+11.3% 0.044
500 7.7+8.5° 0.11
NS+C (Contral) ImL 3.0+14

Key : 2p<0.05 and ® p > 0.05; NS+C — Normal saline + cooking
oil

TABLE 3: Effect of different dosesof thetotal crudeextracts
of S.anguivi on themean % Neutrophil adhesion

M ean % Mean %
Medicina D% Neutrophil "eutrophil . %
ren . (mgkg) untre‘;ted inblood  Neutrophil
(treatment) treated with adhesion
blood .
nylon fibers

125 15.90+1.63 12.3:0.07  22.64°

S.anguivi 250 18.38+1.34 12.58+0.07  31.56°

500 19.85+4.88 15.43+0.07  22.27°

(é\'of;r‘él) 1mL 13.08+1.56 10.58+1.41 19.11

Key : adenotesp <0.05 and b denotes p >0.05; NS+C — Normal
saline + cooking oail

DISCUSSION

Substancesthat are capabl e of activating the hosts’
defense mechani smsthrough theimmune system have
been used globally asaway to control diseasesin both
humans and animals. In this study, the
immunomodulatory activity of S anguivi onboththe
humora and cdll-mediated immuneresponsesin Wister

abinorats inwhich RBC, WBC count, % neutrophils,
% basophils, % eosinophils, % monocytesand % lym-
phocytes, HA titer, neutrophilsadhesonand DTH were
determined. Theresultsshowed that therewasadose-
dependent reductioninthe mean WBC count. Thedose
at 125mg/K g bwt had a higher mean WBC count of
13.7+1.6x10%/uL of blood as compared to the
13.1+0.2x10%/uL of the control group. The mean WBC
count at 500mg/K g bwt was statistically different to
that of the control group (p<0.05). The mean RBC
count were higher than that of the control groupfor all
the doses (125, 250 and 500mg/Kg bwt) and there
was no statistical difference between the 2 groups
(p>0.05) (TABLE 1). For the differential count, the
mean % neutrophilswere higher at adose of 250mg/
K g bwt ascompared to the control group but for al the
doses, therewasno stetistical differencebetweenthe2
groups(p=>0.05). Themean % lymphocyteswere higher
for al thedosesthan the control group but with no sta-
tistica differencebetween the 2 groups (p>0.05) though
however, therewas adose-dependent reductioninthe
mean % lymphocytes. The mean % monocytes, mean
% eosinophilsand mean % basophilswerelower for all
the doses as compared to the control group with no
statistical difference between the 2 groups (p>0.05)
(TABLE 1). Theincreaseinthemean RBC count, mean
% lymphocytesat al the doses, mean % neutrophilsat
adose of 250mg/K g bwt and mean WBC count at a
doseof 125mg/Kgbwt aswell asthereductioninthe
mean Yomonocytes, mean % eosinophilsand mean %
basophils could be dueto the presence of the various
compoundspresentinthe S anguivi like steroidsand
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TABLE 4: Effect of different dosesof thetotal crudeextractsof S.anguivi onthemean foot pad thickness(delayed hyper sen-

sitivity)
M edicinal Dose Mean Foot pad thickness+SD (mm) at given time interval (hours)
herb (mg/kg) 0 (hr) % 12 (hr) %1 24 (hr) %1 48 (hr) %1
125 0.06:0.053° 0  0.15£0.042° 150.0 0.13+0.028* 116.7 0.095:0.014° 58.3
Sanguivi 250  0.088+0.042° 0 0.159+0.032° 80.7 0.144+0.025° 636  0.11+0.01° 26.1
500  0.075+0.014> 0  0.157+0.0* 109.3 0.133+0.014° 77.3  0.096+0.014° 28.0
NS+C imL 0.07+0.014 0 0.115+0.042 643 0.108+0.035 543 0.082+0.014 17.1
Key : adenotes p<0.05 and b denotes p>0.05; “!- increment, Sa — Solanum anguivi, NS+C — Normal saline + cooking oil, hr- hour
160.0
2 140.0 //'\
=
< 120.0
-
L — 7/ \ ——125
& 80,0 // /l = \\ :“;g
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~ 400
- /// \—'
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Figurel: Effect of different dosesof thetotal crudeextractsof Solanumanguivi (indicum) on the mean % increment of foot

pad thicknessat different timeinterval

triterpenoids, akaloids, reducing sugars, tannins, ste-
roid sgponins, isoanguivine, protodioscin, solasonineand
solamarging®-, Also it contains antioxidant com-
poundslike ascorbic acid, carotenoids and polyphe-
nols, polyphenoals, saverd phenalicacidsand flavonoids,
caffeoylquinic acids, caffeic acid, flavonol glycosides
and naringenin have al so been reported®313, Some
of these compounds could interfere with the different
processesinthewhiteblood cdll formation stage of the
hematopoi etic system!16:314-471 Nonethel essthe dose
dependent reduction in the mean WBC count could
have been dueto some of the compoundsin the herb
that caused the suppression of bonemarrow. Thedata
undoubtedly have demonstrated that the herb contain
immunomodul atory compounds. The dose effect ob-
served could be due to the increased activity of the
extractsthat may beattributed to by theincreased po-
larity caused by the water moleculefraction hencein-
creasing the solubility of thecompoundsintheextracts
and the absorption of the extractsfrom the gastrointes-
tina tractinthediluteform. Thevariouscompoundsin
theherb could beacting aseither stimulating or inhibit-

ing natura factorsthat promotetheproliferation or sup-
pression of the various blood cell components such as
granulocytes colony stimulating factors (G-CSF)#4244,
Theresultsalso add to the other medicina herbssuch
asAfrican potatol? and Avocado®, that have been
reported to haveimmunomodul aory activitiesand hence
their increased usein stimulating theimmunesystemin
treatment of various body conditionsworldwide and
thereforetheuse of theseherbsin nutriceuticals.
Themean % neutrophil adhesionswerehigher than
the control group though therewasno statistical differ-
ence between the 2 groups (p>0.05) (TABLE 3). The
study showsthat the above compoundsin S. anguivi
can causeneutrophil migration towardstheforeign bod-
ies as observed with the nylon fibers. Arguably, this
correl aeswith improved migration of phagocytessuch
asneutrophilsin blood vessel sthusfacilitating migra-
tiontothesiteof inflammation asreported earliert8,
Results also show that, the extract increased the neu-
trophil adhesiveness an indication of the boosting of
neutrophilsto migratetowardstheforeign body®“2. The
neutrophilsrepresent amultifunctional cdll typeinin-
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nateimmunity that contributesto bacteria clearance by
recognition, phagocytosisand killing of foreign bod-
ies”®#¥ whereasthe T and B-lymphocytesareinvolved
and responsiblefor production of antibodiesleadingto
enhancement of immunity(”8134950 A|so neutrophil
granules contain avariety of toxic substancesthat kill
or inhibit growth of bacteriaand dsomediateother cdls
of theimmune system such asthe macrophages.

The mean heamaggl utination antibody (HA) titer
levelsfor al the doseswerehigher than for the control
group. However therewasastatistica differenceat a
dose of 125mg/Kg bwt and 250mg/K g bwt as com-
pared to the control group (p<0.05)(TABLE 2).
Sanguivi total crude extracts could have compounds
withimmunostimulatory effect on the B-cdllsof theim-
mune system as observed by theincrement in the anti-
body titersin the dosed Wistar albino ratsunlikethe
control. Humord immunity involvesinteraction of B cdls
with theantigen and their subsequent proliferation and
differentiation into antibody secreting (plasma) cells.
Antibodiesfunction astheeffectorsof thehumord re-
sponse by binding to antigen and neutralizing them or
facilitating €limination by crosslinkingtoform|atex that
aremorereadily ingested by phagocytic cdlg*?. There-
forethe plant extract may cause augmentation of the
humora immuneresponseto SRBCsacting asantigens
that cause enhanced responsivenessof T and B-lym-
phocyte subtypes of theimmune system thus promot-
ing the anti-body synthesig* intheWistar albino rats
and theresultswere similar to what has been observed
inother studies.

Thedelayed type hypersensitivity test (DHT) re-
sponsefor dl thedoseswere higher than for the control
group for the 12, 24 and 48 hours after theinjection of
SRBC antigensin thefootpad of theWistar albinorats.
The highest responsesin thefootpad thicknessfor al
the doseswereobserved after 12 hours of injection of
antigensintheanimal footpads. The highest response
(150% increment) intheincrement of thefootpad thick-
ness was observed at a dose of 125mg/Kg bwt and
109.3% increment at a dose of 500mg/Kg bwt and
therewas statistical difference (p<0.05) as compared
tothecontrol group. Overall therewas atime-depen-
dent reduction inthefootpad thicknessfor al thedoses
from 12 hoursto 48 hours after theinjection of SRBC
inthefootpad of theanimas(TABLE 4 and figure 1).
The observed effect may be attributed to by some of
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the above compounds present in S anguivi that led to
the delayed type of hypersensitivity reaction towards
the antigensthat were injected in therats’ footpad.
Thedelayed type hypersensitivity (DTH) responseis
atypelV hypersensitivity reaction, whichisadirect
correlate of cell-mediated immunity. Increasein the
DHT indicatesthat S anguivi total crudeextractshave
agtimulatory effect on lymphocytesand accessory cell
typesrequired for the expression of the reactioni*5Y,
Thusthisconcurswith other research work done by
other researchers using other types of medicinal
plantg®2052538, Cell-mediatedimmunity involveseffec-
tor mechanismscarried out by T lymphocytesand their
products (Ilymphokines). DTH requiresthe specific
recognition of agiven antigen by activated T lympho-
cytes, which subsequently proliferate and release
cytokines. Theseinturnincrease vascular permeabil-
ity, induce vasodil atation, microphage accumul ation,
and activation, promoting increased phagocytic activ-
ity and increased concentration of lytic enzymesfor
more effectivekilling. When activated Th, cellsen-
counter certain antigens such as SRBCsthey are con-
verted to lymphobl asts* and secretes cytokinesthat
inducealocalized (defensive) inflammatory reaction
cdled ddayed type hypersenstivity™*3, Thecytokines
then attract the scavenger phagocytic cellsto the site
of reaction henceleading to thetype |V delayed hy-
persensitivity reaction observed in the study whenthe
cellsencounter the antigensinform of plant extractd4.
The observed effect in the delayed hypersensitivity in
therat foot pad could be due to the T-lymphocytes
and monocytes and/or macrophages®14, Also the
cytotoxic T-cellsmay have caused direct damageto
thefoot pad where as T-hel per (TH1) cellsmay also
have increased damage by secreting cytokines that
activatecytotoxic T cdlsthat recruit and activate mono-
cytes and macrophages causing abulk of tissue dam-
age observed in the study by theincreased thickness
of thefootpad**14., The study has provided evidence
that S.anguivi hasimmunomodul atory compoundsand
henceits continued use by thelocal communitiesand
traditional herbalist in management of variety of dis-
ease conditions.

CONCLUSION

Thetota crudeleaf extract of S anguivi hascom-
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poundswith immunomodulatory activity. The com-
poundsincreased thered blood cell s production dueto
the positiveeffect on erythropoiesis process. The ex-
tracts boosted the cell-mediated immune response of
someof the ‘phagocytes’ though depressed others. The
phagocytic potentiad may beenhanced by theincreased
neutrophil adhesiveness. Thehigh heamagglutination ti-
tersobserved was an indication that the plant contains
compoundsthat may boost thehumora immunity. The
resultsshow that S anguivi hascompoundsthat affect
both the cdll-mediated and humora immune responses
and thisprovidesevidencefor itswideuseasanim-
mune boogter inthe management of number of disease
by boththeloca communitiesandthetraditiona hedth
practitioners.
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