WS 2000

EVALUATION OF SEX SELECTION ACTIVITY AND SAFETY OF
VERNONIA AMYGDALINA (DEL), RUBIA CORDIFOLIA (LINN), AND
ASPARAGUS RACEMOSUS (WILLD), IN RATS

WAMBUGU ENOC NJOROGE (BSc¢. FORENSIC SCI)
156/CTY/PT/38030/2017

A RESEARCH THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE AWARD OF THE DEGREE OF MASTER OF
SCIENCE (MEDICAL BIOCHEMISTRY) IN THE SCHOOL OF PURE AND

APPLIED SCIENCES OF KENYATTA UNIVERSITY

Wambugu, Enoc Njoroge
Evaluation of sex
selection activity and

LT

202)/488758

JANUARY 2023

“WENYATTA UNiVeRSITY LIBRARY



ii
DECLARATION

I, Wambugu Enoc Njoroge, declare that this thesis is my original work and has not been

presented for a degree in any other university or any other award.

Si,gtmture’::@[l Date: January 23", 2023

WAMBUGU ENOC NJOROGE  -I56/CTY/PT/38030/2017
Department of Biochemistry, Microbiology, and Biotechnology

Kenyatta University

SUPERVISORS
We confirm that the work reported in this thesis was carried out by the candidate under

our supervision.

Signature: 6‘ Date: L(,_LMJ‘_M&Z

Prof Eliud NM Njagi

Department of Biochemistry, Microbiology, and Biotechnology
School of Pure and Applied Sciences

Kenyatta University

Signature m\’% Date: Q\_-I-J{ 9.»{ I'LO 23

Dr John K Mwonjoria
Department of Biochemistry, Microbiology, and Biotechnology

School of Pure and Applied Sciences
Kenyatta University



1l

DEDICATION
This thesis is dedicated to my father and mother; Mrs. and Mrs. Julius Wambugu
Munyiri, my brothers and my sisters, and all my beloved friends. This work would have

not been completed without your support, encouragement, and goodwill.



v
ACKNOWLEDGEMENTS

First, I am sincerely grateful to the Almighty God, the creator and sustainer of the universe

and the giver of life for his all-sufficient and unfailing grace that he bestowed unto me during
this study.

Secondly, I wish to express my deepest sense of gratitude and immense indebtedness to my
supervisors, Prof Eliud N, M. Njagi and Dr. John K. Mwonjoria for their scholastic guidance,
mentorship, motivation, heartiest cooperation, valuable insights, intellectual and moral

support, utmost desire, constructive and constant inspiration throughout the period of study.

Special gratitude to the teaching and technical staff of the Department of Biochemistry,
Microbiology & Biotechnology including Dr. Matthew Piero Ngugi, Dr. Steve Runo, Mr.
Simon P Muriuki, Mr. Daniel M. Gitonga, Ms. Ann Wanjira, and all the others. In particular, I
wish to express my heartfelt indebtedness to Ms. Josephine N Wokabi who with a kind and
firm motherly touch held my hand, introduced me to resee‘lrch, and mentored me with tones of
advice, hints, hacks, memorable scolds, and for her utmost desire to help and support me in

this study.

I acknowledge the support received from Prof Masayuki Shimada for his critical comments,
intellectual suggestions, and moral support. I would like to express special gratitude to
herbalists like Mr. Kinyanjui and Ms. Alice Wanjiku who were very resourceful in plants’
identification and collection. I must acknowledge their unlimited cooperation, innovative

ideas, and valuable suggestions and insights.

Special, heartfelt and most sincere thanks to my beloved parents Mr. Julius Wambugu
Munyiri and Mrs Felistus Nyambura Wambugu, my brothers and my sisters. Your unfailing
moral, material and financial support, your unceasing prayers, motivation and “baby-care” can

never be repaid. Without you, I would never amount to anything.

My heartfelt gratitude and appreciation to my pastor, friends, and fellow students for their

prayers, goodwill, and encouragement.

May God bless you all.



v
TABLE OF CONTENTS

DECLARATION ii
DEDICATION iii
ACKNOWLEDGEMENTS iv
TABLE OF CONTENTS v
LIST OF TABLES xii
LIST OF APPENDICES xviii
LIST OF PLATES xix
LIST OF ABBREVIATIONS AND ACRONYMS XX
ABSTRACT xxii

CHAPTER ONE
INTRODUCTION

1.7 Bl peromanieh Ty el s oussvmsnssonion sosysneuoomsinns e s A SN AR SRS ARSI

1.2 Statement Of the PrODIBM ..........c ettt
T3 FUBEIOUIO 1005500t A o S Ao RS R
T (111 C 0T T T U St U VS
1.5 IGONBPA] DIIOETIVE . cixumsvssmmmmsrarnsusmssssereassinmmmusssmssirssssesss o1 smssmsdsesrasssessmapness il esei Ewsstin

AL B W W e e

] TR U T s o A BGRBSSRTAY

(=)}

CHAPTER TWO

LITERATURE REVIEW

T LT MT TR SRS S S T T B 6

2.2 Methods 0f S€X SEIECHOM ...........c.cvviveieeeecaecicee e esemss e seesse s enss s s 9

2.2.1 Bricoon’s WBHRO.........conommmmsmmnsisssasiaisasmimssssmiiosimammmnmsimssnss 10
22.2 In-vitro fertilization and Post-implantation Genetic Diagnosis (IVF/PGD)

1 RSN ISHESSPS VUESIUP U S—— ||

2.2.3 Sperm sorting MEthod .........c.ocvueerierreeririeeseersneees s sessessssensesessesssnssssssessonnes 11

2.2.4 Timing Methods (Shettle’s Method)............occccveeinncnininccennseennn. 12

% 218 CONSEIERIHR . o s R R s L

2.3 Factors affecting the sex ratio of mammalian offspring...........ccooverrcrrcninrnnnn 12



vi

AN Gl ] 00 SRS OENCA ORIV OIo—— 14
DR W L it meni s e i s s R e et 18
.33 Mintemal Aol cmemasammrisssrinass e s et 1Y
2.4 Ethical considerations in $€X SEIeCLION............cocuriremrerrereeeraereseenecesereensansssesacmsessesesens 20
2.5 Medicinal plants used for $eX Selection..........cccveieeceeiriereeerereae e v eesencneneee 21
5 PP DO, scoisicosos mmnmsoninscs i s s G A NS AE
D 52 FBRr BOMUTOIE . .c.cisincsnsivimessmimomsssmpumsan i G S SR )
L RN s o R SRR AR
2.6 Experimental animals used in the Study ............ccccccoeeeuerueveccereceseeeeeeceee e seeesenesnaneens 30

CHAPTER THREE ' 32
MATERIALS AND METHODS 32
BT DL r i, VOHOINEIN  omsiesomnnssinsnsinsnmussiinsiantpass PR M RS oA RS AN R Ao 32
Y RSN .. o o S A AT s A S A USSR A 32

3.2.1 Collection and preparation of study plants .............cccooeereemcersneeereecceceeeeee 32
3.2 Ehaotion b pInaveliemimile. oo moummm i s s o 32
2.3 Exporimsiial RRDMIE: e s s s D e T R T 33
3.4 Exparimental GoRIBN . usmnmismmispmsmmisnsmemsm s nais e miseisa sy o0
34.1 Determination of the effects of the methanol extracts on sex ratio..................... 34
3.4.2 Determination of effects of the methanol extracts on vaginal pH..................... 35
3.4.3 Evaluation of sperm count and sperm morphology ...........coccovverccniiiiniiinnn 35
3.4.4 Determination of effects of the methanol extracts on cortisol, estrogen, and
testosterone hormone 18VeIS ................co.ccvvvieeiriiiiieiiieies s 36
L S IR E U N UL oo o O VMBS 36
3.4.6 Qualitative phytochemical screening and mineral analysis ... 38

3.5 Dkt BRI i mnns SR AN SRR s A

CHAPTER FOUR 40
RESULTS. 40

4.1 Phytochemical composition of methanol extracts of A. racemosus, R. cordifolia, and

ST T O S PUCI O,



vii

4.1.1 Phytochemical composition of methanol root extract of ¥. amygdalina............ 40

4.1.2 Phytochemical compounds composition of methanol root extracts of R.
AN oo st s A R R S 56

4.1.3 Phytochemical compounds composition of methanol root extracts of A.
FACEIIOSHS .....cvvvreereesieiesessesasess e e esasasseseeesssermt s seesesess s sessesens sesensseasasannssnases 64

4.2 Mineral composition of methanol extracts of A. racemosus, R. cordifolia and V.

ERTEETUIAVIIIER cuvs s vsoconmsmmmmesanimsmossminensamess o si oV RSNSOI S BSOS 70
4.2.1 Mineral composition of methanol root extracts of A. racemosus........................ 70
4.2.2 Mineral composition of methanol root extracts of R. cordifolia......................... 72
4.2.3 Mineral composition of methanol root extracts of V. amygdalina..................... T4

43 Effects of methanol extracts of single and combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus to male and female rats on the sex
ratio, the number of females that delivered, and the litter number. ............cc.cccovuvee. 76

43.1 Effects of single doses of methanol extracts of V. amygdalina roots to male
and female rats on the number of females that delivered, litter number, and
the male: female litter COUNt TALI0 ... ....ccccovuevrieeeieircieseeees it 76
4.3.2 Effects of single doses of methanol extracts of R. cordifolia roots to male and
female rats on the number of females that delivered, litter number, and the
sl Poprmile Ftor COmmE B0 ..o i s sanss s 78
4.3.3 Bffects of single doses of methanol extracts of A. racemosus roots to male and
female rats on the number of females that delivered, litter number, and the
pesalec Fernle iker eonmbiration . comusammas s i i 80
4.3.4 Effects of methanol extracts of combined therapeutic doses of V. amygdalina,
R. cordifolia, and A. racemosus in the ratio of 1:1:1 to male and female rats
on the number of females that delivered, litter number, and the male: female
I ot OO OO0t s et st 8D 050 RISV 82
4.3.5 Effects of methanol extracts of combined therapeutic doses of V. amygdalina,
R. cordifolia, and A. racemosus in the ratio of 1:2:1 to male and female rats
on the number of females that delivered, litter number, and the male: female

Titter connt 188 0s e R e 84



vili

4.3.6 Effects of methanol extracts of combined therapeutic doses of V. anygdalina,
R. cordifolia, and A. racemosus in the ratio of 2:1:1 to male and female rats
on the number of females that delivered, litter number, and the male: female
ittar e I s R AT AR PR Gs — 86

4.3.7 Effects of methanol extracts of combined therapeutic doses of V. amygdalina,
R. cordifolia, and A. racemosus in the ratio of 1:1:2 to male and female rats
on the number of females that delivered, litter number, and the male: female
LHHEr COUNE TAHO. .1uvveveeresserresssiresssenseseesees e nssasesnssessareseesesenasaressersacasosessssssssssssnsrns OO

4.4 Effects of methanol extracts of Vernmonia amygdalina, Rubia cordifolia and
Asparagus racemosus to male and female rats on sex selection-related parameters90

4.4.1 Effects of methanol extracts of single and combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus to female rats on the changes in
DEBIETEL BEL. . cciccnmsmsmsncsnsimminsnsarsss smmmssisnssmssssme snst ssmmdit oG EAAERRRS R SRR SRR s )

4.4.2 Bffects of methanol extracts of single and combined therapeutic doses of V.
amygdalina, R. cordifolia and A. racemosus to male rats on the epididymal
o Lo1a 05 (0 1111 P R—

4.4.3 Effects of methanol extracts of single and combined therapeutic doses of V.
amygdalina, R. cordifolia and A. racemosus to male rats on the percent of
gontial SPerIBOENN. o mprrmmss s s IO

4.4.4 Effects of methanol extracts of single and combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus to male rats on the level of
LESLOSTEIOME. ... ..eveveieeerieerirrsiiseesertsaeeseseeseesssaeseresnassssessenersesssassssssessssesssenensesseseess DO

4.4.5 Effects of methanol extracts of single and combined therapeutic doses of V.
amygdalina, R. cordifolia and A. racemosus to male rats on the level of
BOTHISL o cevsammmmamsmra s s s B W T T RSP R s NPy

4.4.6 Effects of methanol extracts of single and combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus to female rats on the level of

B RO RE D sameum e B S TR R T R R R s D



4.4.7 Effects of methanol extracts of single and combined therapeutic doses of V.

amygdalina, R. cordifolia, and A. racemosus to female rats on the level of
T s e S R R RS R AT L

4.5 In vivo subacute toxicity of methanol extracts of V. amygdalina, R. cordifolia, and

A. racemosus to female rats for twenty-eight days on body and organ weight,
hematological and some serum biochemical parameters..............ccooccoeeercenrrrnnn., 104

4.5.1 Effects of daily oral administration of methanol extracts of V. amygdalina for
28 days on weight indices of female rats ..........c.ccocereecrireerrescssiveeseeeenennnn 104

4.5.2 Effects of daily oral administration of methanol extracts of R. cordifolia for 28
days on weight indices of female rats............ccccecoevevemreeerririeenrecereenereeneeeeseeesees 100

4.5.3 Effects of daily oral administration of methanol extracts of A. racemosus for
28 days on weight indices of female rats ..........c.coevveverieriieieinesionesvineessnenennn, 108

4.5.4 Effects of combined methanol extracts of V. amygdalina, R. cordifolia and A.
racemosus at a ratio of 1:1:1 for 28 days on weight indices of female rats.... 110

4.5.5 Effects of daily oral administration of methanol extracts of V. amygdalina to
female rats for twenty-eight days on the percent organ to body weight......... 112

4.5.6 Effects of daily oral administration of methanol extracts of R. cordifolia to
female rats for twenty-eight days on the percent organ to body weight.........114

4.5.7 Effects of daily oral administration of methanol extracts of 4. racemosus to
female rats for twenty-eight days on the percent organ to body weight.........116

4.5.8 Effects of daily oral administration of methanol extracts of V. amygdalina, R.

cordifolia and A. racemosus (1:1:1) combination to female rats for twenty-
eight days on the mean percent organ to body weight .........cccecevvnrecriians 118

4.5.9 Effects of daily oral administration of methanol extracts of V. amygdalina to

female rats for twenty-eight days on erythrocytes, hemoglobin, and associated
PRI o s e WD

4.5.10 Effects of daily oral administration of methanol extracts of R. cordifolia to

female rats for twenty-eight days on erythrocytes, hemoglobin, and associated

PETHERIRES cnnmiammaos t B a R Ra a assieaisi 1Lk



4.5.11 Effects of daily oral administration of methanol extracts of A. racemosus to
female rats for twenty-eight days on erythrocytes, hemoglobin, and associated
D CEETEIERE o vecssrenssusensussmmsnen sonmasmsenssssasnswrsss sinss osksnssasnms s sisiins s dnmsnincomissasosnacsrt S
4512 Effects of day-to-day treatment with combined heavy doses of V.
amygdalina, R. cordifolia and 4. racemosus at a ratio of 1:1:1 to female rats
for twenty-eight days on erythrocytes, hemoglobin, and associated parameters124
4.5.13 Effects of daily oral administration of methanol extracts of V. amygdalina to
female rats for twenty-eight days on leukocytes and differential leukocyte
e 1) U OSSPSR DT ——— -
4.5.14 Effects of daily oral administration of methanol extracts of R. cordifolia to
female rats for twenty-eight days on leukocytes and differential leukocyte
4.5.15 Effects of daily oral administration of methanol extracts of A. racemosus to
female rats for twenty-eight days on leukocytes and differential leukocyte
4.5.16 Effects of day-to-day treatment with combined heavy doses of V. amygdalina,
R. cordifolia and A. racemosus extracts at a ratio of 1:1:1 to female rats for
twenty-eight days on leukocytes and differential leukocyte count.................. 129
4.5.17 Effects of daily oral administration of methanol extracts of V. amygdalina to
female rats for twenty-eight days on platelets and related platelet indices..... 132
4.5.18 Effects of daily oral administration of methanol extracts of R. cordifolia to
female rats for twenty-eight days on platelets and related platelet indices..... 132
4.5.19 Effects of daily oral administration of methanol extracts of A. racemosus to
female rats for twenty-eight days on platelets and related platelet indices..... 133
4.5.20 Effects of daily oral administration of methanol extracts of V. amygdalina, R.
cordifolia and A. racemosus (1:1:1) combination to female rats for twenty-
eight days on platelets and related platelet indices...........ccccoeveruevereeenennnn. 134
4.5.21 Effects of daily oral administration of methanol extracts of V. amygdalina to
female rats for twenty-eight days on liver function tests...........c.cc.ccoceveunnen. 135



Xi

4.5.22 Effects of daily oral administration of methanol extracts of R. cordifolia to
female rats for twenty-eight days on the liver function tests............................ 136
4.5.23 Effects of daily oral administration of methanol extracts of A. racemosus to
female rats for twenty-eight days on liver function tests .............cc.ccoeucvunvcen. 138
4.5.24 Effects of daily oral administration of methanol extracts of V. aniygdalina, R.
cordifolia and A. racemosus (1:1:1) combination to female rats for twenty-
eight days on the liver function tests. ............cccceevureereeeseresresreereseeseseessaenens 140
4.5.25 Effects of daily oral administration of methanol extracts of V. amygdalina to
female rats for twenty-eight days on the kidney function tests........................ 141
4.5.26 Effects of daily oral administration of methanol extracts of R. cordifolia to
female rats for twenty-eight days on the kidney function tests........................ 142
4.5.27 Effects of daily oral administration of methanol extracts of 4. racemosus to
female rats for twenty-eight days on the kidney function tests........................ 143
4.5.28 Effects of daily oral administration of methanol extracts of V. amygdalina, R.

cordifolia and A. racemosus (1:1:1) combination to female rats for twenty-

eight days on the kidney function tests...........cc.cc.cveeecrrerecceveceecceececereeceneen.. 144
CHAPTER FIVE 146
DISCUSSION, CONCLUSION & RECOMMENDATIONS 146
5.1, ERNETE I o i st et L
0 L DRI I s e G A e S STl T
5.3 RECOMMENAALIONS. .....oevvveeiieeeeeeeeeee et eeeeeeeeeesesteseasesee e ssasesseansssesessesssnssssesssseensensns 177

5.3.1 Recommendations from the study............c..ccceermerremrerrececrereensvesreneneeeeeeennenes 177
5.3.2 Recommendations for further Studies ............coovvvveeeeeeeeeseeeesseeesrerseseenesenn 178
REFERENCES 179

APPENDICES 204




xii

LIST OF TABLES

Table 4.1: Retention time, name, class, molecular mass, formula, percentage abundance,
and uses of phytochemicals identified in methanol extracts of V.
I OO ' |
Table 4.1.2: Retention time, name, class, molecular mass, formula, percentage
abundance and uses of phytochemical compounds identified in methanol extracts
AP TR oot e i S T R T R G i 57
Table 4.1.3: Retention time, name, class, molecular mass, formula, percentage
abundance and uses of phytochemical compounds identified in methanol extracts
BlL VAT cconsos s oo B A B R P A SRR ey
Table 4.2.1: Mineral concentration and amount administered into each female rat at
150, 260 and 450 mg/kg body weight doses of methanol extracts of A. racemosiis71
Table 4.2.2: Mineral concentration and amount administered into each female rat at
150, 260 and 450 mg/kg body weight doses of methanol extracts of R. cordifolia73
Table 4.2.3: Mineral concentration and amount administered into each female rat at
150, 260 and 450 mg/kg body weight doses of methanol extracts of V.
SN oot ot i T R R R TR A BT 75
Table 4.3.1a: Effects of single therapeutic doses of V. amygdalina methanol extracts to
male rats on the number of females that delivered, litter number, and the male:
fermnale ey Colnt M0 s R
Table 4.3.1b: Effects of single therapeutic doses of V. amygdalina methanol extracts to
female rats on the number of females that delivered, litter number, and the male:
ferinle DS CHRANED. o s T S SR T )
Table 4.3.2a: Effects of single therapeutic doses of R. cordifolia methanol extracts to
male rats on the number of females that delivered, litter number, and the male:
foriale HEEr COUNE T oyosimamsmamis s AR N D
Table 4.3.2b: Effects of single therapeutic doses of R. cordifolia methanol extracts to
female rats on the number of females that delivered, litter number, and the male:

fernale THBer Comil B0 ... s sssesssmmmesmmiasssmsimyasas i sasiiss: 10



xiil

Table 4.3.3a: Effects of single therapeutic doses of A. racenmosus methanol extracts to
male rats on the number of females that delivered, litter number, and the male:
fortiale Lttt Gouil tH0....onmmmmemmssmmasagss s o s A 81

Table 4.3.3b: Effects of single therapeutic doses of 4. racemosus methanol extracts to
female rats on the number of females that delivered, litter number, and the
female: female Litter COUNt TAtI0 ....c.o.ccueveceeeeeieceee et es et s enennnss 81

Table 43.4a: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 1:1:1 to male rats on
the number of females that delivered, litter number, and the male: female litter
SR cerimcsce i e R S e R B A B S SR

Table 43.4b: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 1:1:1 to female rats on
the number of females that delivered, litter number, and the male: female litter
T I comnrsonmsinsss s D O R A S S P 83

Table 43.5a: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 1:2:1 to male rats on
the number of females that delivered, litter number, and the male: female litter
CTTUIINEIEIEREE w3 S A A SR 85

Table 4.3.5b: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 1:2:1 to female rats on
the number of females that delivered, litter number, and the male; female litter
BRI i s R A Ay e R S A T i 85

Table 4.3.6a: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 2:1:1 to male rats on
the number of females that delivered, litter number, and the male; female litter
B B0 s s g R e P

Table 4.3.6b: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 2:1:1 to female rats on
the number of females that delivered, litter number, and the male: female litter

cotint TALI0 v e s T T e R S G s e T



xiv

Table 4.1.7a: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 1:1:2 to male rats on
the number of females that delivered, litter number, and the male: female litter
i L S O — L

Table 43.7b: Effects of methanol extracts of combined therapeutic doses of V.
amygdalina, R. cordifolia, and A. racemosus in the ratio of 1:1:2 to female rats on
the number of females that delivered, litter number, and the male; female litter
LU BRI oo o e A B S S IS 89

Table 4.4.1: Effects of methanol extracts of single and combined therapeutic doses of
V. amygdalina, R. cordifolia and A. racemosus to female rats on the changes in
I TR T e |

Table 4.4.2: Effects of methanol extracts of single and combined therapeutic doses of
V. amygdalina, R. cordifolia and A. racemosus to male rats on the sperm count... 93

Table 4.4.3: Effects of methanol extracts of single and combined therapeutic doses of
V. amygdalina, R. cordifolia and A. racemosus to male rats on the percent of
THOTIE]L SPBITATIZOA <. v o sesienbins sussisponisess smesaueivaias s ands sese sateam e s e s sss e O

Table 4.4.4: Effects of methanol extracts of single and combined therapeutic doses of
V. amygdalina, R. cordifolia and A. racemosus to male rats on the level of
) B O TIOMLI mcomsnvmsF S S A A S s R S T

Table 4.4.5: Effects of methanol extracts of single and combined therapeutic doses of
V. amygdalina, R. cordifolia and A. racemosus to male rats on the level of
YU s i o 4 R A G S A SR B IR

Table 4.4.6: Effects of methanol extracts of single and combined therapeutic doses of
V. amygdalina, R. cordifolia, and A. racemosus to female rats on the level of
11 1 o DTN NPUO O UNT Y YIPIT SORNPI P OTRTRIPI IO | | |

Table 4.4.7: Effects of methanol extracts of single and combined therapeutic doses of

V. amygdalina, R. cordifolia and A. racemosus to female rats on the level of

1| UV P UT | -



XV

Table 4.5.1: Effects of daily oral administration of methanol extracts of V. amygdalina

to female rats for twenty-eight days on the weekly weight and percent weekly

weight change, and mean weekly weight and mean percent weekly weight changel05
Table 4.5.2; Effects of daily oral administration of methanol extracts of R. cordifolia to

female rats for twenty-eight days on the weekly weight and percent weekly

weight change, and mean weekly weight and mean percent weekly weight changel07
Table 4.5.3: Effects of daily oral administration of methanol extracts of A. racemosus

to female rats for twenty-eight days on the weekly weight and percent weekly

weight change, and mean weekly weight and mean percent weekly weight change109
Table 4.5.4: Effects of daily oral administration of methanol extracts of V. amygdalina,

R. cordifolia and A. racemosus (1:1:1) combination to female rats for twenty-

eight days on the weekly weight and percent weekly weight change, and mean

weekly weight and mean percent weekly weight change............ccccooviiicninncence. 111
Table 4.5.5: Effects of daily oral administration of methanol extracts of V. amygdalina

to female rats for twenty-eight days on the percent organ to body weight ...........113
Table 4.5.6: Effects of daily oral administration of methanol extracts of R cordifolia to

female rats for twenty-eight days on the percent organ to body weight................115
Table 4.5.7: Effects of daily oral administration of methanol extracts of A. racemosus

to female rats for twenty-eight days on the percent organ to body weight ........... 117
Table 4.5.8: Effects of combined methanol extracts of high doses of V. amygdalina, R.

cordifolia and A. racemosus at a ratio of 1:1:1 to female rats for twenty-eight

days on the mean percent organ to body weight..........ccoccecevciinneniicnnicsieninnnn 119
Table 4.5.9: Effects of daily oral administration of methanol extracts of V. amygdalina

to female rats for twenty-eight days on erythrocytes, hemoglobin, and associated

RVLTSEVIOEIS. .. e comsmecon s s s 681 G5B oA R SR BB A s i LD
Table 4.5.10: Effects of daily oral administration of methanol extracts of R. cordifolia

to female rats for twenty-eight days on erythrocytes, hemoglobin, and associated

TS RRITURT IR it A3 SRS O ST DT A



Table 4.5.11; Effects of daily oral administration of methanol extracts of A. racemosus
to female rats for twenty-eight days on erythrocytes, hemoglobin, and associated
PATIIIBIOTE oot S s R A R s L D

Table 4.5.12: Effects of daily oral administration of methanol extracts of V.
amygdalina, R. cordifolia & A. racemosus (1:1:1) combination to female rats for
twenty-eight days on erythrocytes, hemoglobin, and associated parameters........ 124

Table 4.5.13: Effects of daily oral administration of methanol extracts of V. amygdalina
to female rats for twenty-eight days on leukocytes and differential leukocyte

Table 4.5.14: Effects of daily oral administration of methanol extracts of R. cordifolia
to female rats for twenty-eight days on leukocytes and differential leukocyte
Table 4.5.15; Effects of daily oral administration of methanol extracts of A. racemosus
to female rats for twenty-eight days on leukocytes and differential leukocyte
Table 4.5.16: Effects of daily oral administration of methanol extracts of V.
amygdalina, R. cordifolia and A. racemosus (1:1:1) combination to female rats
for twenty-eight days on leukocytes and differential leukocyte count.................. 131
Table 4.5.17: Effects of daily oral administration of methanol extracts of V. amygdalina
to female rats for twenty-eight days on platelets and related platelet indices.......132
Table 4.5.18: Effects of daily oral administration of methanol extracts of R. cordifolia
to female rats for twenty-eight days on platelets and related platelet indices.......133
Table 4.5.19: Effects of daily oral administration of methanol extracts of A. racemosus
to female rats for twenty-eight days on platelets and related platelet indices.......133
Table 4.5.20: Effects of daily oral administration of methanol extracts of V.
amygdalina, R. cordifolia, and A. racemosus (1:1:1) combination to female rats
for twenty-eight days on platelets and related platelet indices............................... 134
Table 4.5.21: Effects of daily oral administration of methanol extracts of V. amygdalina

to female rats for twenty-eight days on liver function tests ............cecoeeeeeereerenenen... 136



xvii

Table 4.5.22: Effects of daily oral administration of methanol extracts of R. cordifolia
to female rats for twenty-eight days on the liver function tests ...........ccccccevrenene. 138
Table 4.5.23: Effects of daily oral administration of methanol extracts of 4. racemosus
to female rats for twenty-eight days on liver function tests ............c.ccccoeencen.e.e... 139
Table 4.5.24: Effects of daily oral administration of methanol extracts of V.
amygdalina, R. cordifolia and A. racemosus (1:1:1) combination to female rats
for twenty-eight days on the liver function tests...........c.oceevveereecemseverenereesenneeennnn. 141
Table 4.5.25: Effects of daily oral administration of methanol extracts of V. amygdalina
to female rats for twenty-eight days on the kidney function tests.......................... 142
Table 4.5.26: Effects of daily oral administration of methanol extracts of R. cordifolia
to female rats for twenty-eight days on the kidney function tests............c............. 143
Table 4.5.27: Effects of daily oral administration of methanol extracts of A. racemosus
to female rats for twenty-eight days on the kidney function tests.......................... 144
Table 4.5.28: Effects of daily oral administration of methanol extracts of V.
amygdalina, R. cordifolia and A. racemosus (1:1:1) combination to female rats

for twenty-eight days on the kidney function tests............ccccccoevereevcrcrereceniecceen. 145



xviii

LIST OF APPENDICES

Appendix 1: Effects of daily oral administration of methanol extracts of single and
combined therapeutic doses of V. amygdalina, R. cordifolia, and A. racemosus to
male rats on the male: female litter count ratio. Bar graphs with similar letters
within treatments are statistically similar at a p-value of p<0.05 .......................204

Appendix 2; Effects of daily oral administration of methanol extracts of single and
combined therapeutic doses of V. amygdalina, R. cordifolia, and A. racemosus to
female rats on the male: female litter count ratio. Bar graphs with similar letters
within treatments are statistically similar at a p-value of p<0.05 .......................205

Appendix 3: Effects of daily oral administration of methanol extracts of single and
combined therapeutic doses of V. amygdalina, R. cordifolia, and A. racemosus to
female rats on the changes in vaginal pH. Bar graphs with similar letters within
treatments are statistically similar at a p-value of p<0.05.........ccoeciciiniinicncne. 206

Appendix 4: Effects of daily oral administration of methanol extracts of single and
combined therapeutic doses of V. amygdalina, R. cordifolia and A. racemosus to
male rats on the epidydimal sperm count. Bar graphs with similar letters within
treatments are statistically similar at a p-value of p<0.05.........ccccoevvieirirecenns 207

Appendix 5: Effects of daily oral administration of methanol extracts of single and
combined therapeutic doses of V. amygdalina, R. cordijolia and A. racemosus to

male rats on the percent of normal spermatozoa. Bar graphs with similar letters

within treatments are statistically similar at a p-value of p<0.05 ....................... 208
Appendix 6: A photomicrograph of a microscopic view of rat sperm at x400............ 209
Appendix 7: GC-MS chromatogram of methanol extracts of V. amygdalina .............210
Appendix 8: GC-MS chromatogram of methanol extracts of R. cordifolia................. 211
Appendix 9: GC-MS chromatogram of methanol extracts of A. Racemosus.............. 212
Appendix 10: Approval of Research Proposal from Kenyatta University....................213

Appendix 11; NACOSTI Research Permit.............cccvreivrerrinrsrerserrssresssisnesessesssasessesenes 214



xix
LIST OF PLATES

Plate 2.1: A photographic image of V. amygdalina obtained in April 2019 at Molo Sub-

COMNEY I KBRS st

Plate 2.2: A photographic of R. cordifolia obtained in April 2019 at the Molo sub-
COUNLY IN KEMYA ....oveveeeeeiiriieeaemrmsesss s sestsaesss st eseseeaessssessses e sesnss e neanasnsenenae 21,

Plate 2.3: A photographic image of Asparagus racemosus obtained in April 2019 at
Molo Sub-County in Keamya s mnsmssmcnnsiiisssivassiiig 30



XX

LIST OF ABBREVIATIONS AND ACRONYMS

ALB Albumin
ALP Alkaline phosphatase
ALT Alanine transaminase

AMYL Amylase
ANOVA Analysis of variance

AST Aspartate transaminase

BAS Basophils

CPK Creatinine phosphokinase

CREAT Creatinine

D-BIL Ddirect bilirubin

EDTA Ethylenediaminetetraacetic acid

EOS Eosinophils

GABA Gamma-aminobutyric acid

GC-MS Gas chromatography linked to mass spectrometry
GGT v-glutamyltransferase

GLU Glucose

Hb Haemoglobin

HDL-c High-Density Lipoprotein Cholesterol

HIV Human Immunodeficiency Virus

MCH Mean Corpuscular Hemoglobin

MCHC Mean corpuscular hemoglobin concentration
MCV Mean Corpuscular Volume

MON Monocytes

MPV Mean platelet volume

NEU Neutrophils

NMDA N-methyl D-aspartate

OECD Organization for Economic Co-operation and Development
PCV Packed Cell Volume

PDW Platelet distribution width



PTZ
RBCs

RDW
RNA
ROS
T-BIL

UA
V:R:A
WBCs
WHO

Pentylenetetrazol

Red blood cells
Recommended daily allowance
Red cell distribution width
Ribonucleic acid

Reactive oxygen species
Total bilirubin

Total protein

Uric acid

Vernonia: Rubia: Asparagus
White Blood Cells

World Health Organization



XX
ABSTRACT

The plants: Vernonia amygdalina, Rubia cordifolia, and Asparagus racemosus halve
been used in Kenya by the Kalenjins and the Samburu people to select for a boy child
but there have been no scientific studies to establish evidence on these claims.
Therefore, this study aimed at screening for the sex selection potential of these herbs
before and during conception. Clean plant roots were obtained, processed before
methanol extraction, and orally administered to Rattus norvegicus rats before and after
mating for one week. Extract doses of 50, 86.7, and 150 mg/kg body weight for efficacy
assays and 150, 260, and 450 mg/kg for the toxicity assays. The plants were
administered individually and also in a mixture of the ratios of 1:1:1, 2:1:1, 1:2:1, and
1:1:2. In female rats, the effects of the extracts on vaginal pH, estrogen and cortisol
levels were evaluated while in males the effects on sperm count and morphology were
evaluated alongside testosterone and cortisol hormone levels. After parturition, the sex
ratio of the pups was determined. The plant extracts were also subjected to
phytochemical and mineral analysis to identify and quantify present phyto-compounds.
Sub-acute toxicity assays were also carried out on the extracts using rats. Results were
expressed as mean + standard deviations and subjected to various statistical tests while
the level of statistical significance was set to p < .05. Quantitative phytochemical and
mineral analysis showed that some of the mineral elements in the administered plants’
extracts doses to rats singly and in combination were above the recommended daily
allowances. These plants' extracts contained phytocompounds which could have been
responsible for sex selection. Sex selection assays results indicated that the plant
extracts significantly increased the ratio of male to female pups when the females were
treated with the extracts unlike when only the males were treated. Vaginal pH and
testosterone levels were significantly elevated upon treatment with the 86.7 mg/kg and
150 mg/kg body weight doses of R. cordifolia and A. racemosus. Estrogen levels were
significantly elevated in females while in both males and females the cortisol levels
were significantly lowered. Administration of A. racemosus and the 1:1:1 mixture of the
extracts exhibited increased sperm count and the percentage of normal spermatozoa.
Further, these plant extracts demonstrated mild toxicity in the subacute toxicity study
when administered singly but less toxic effects were recorded in the rats treated with the
combined doses. In conclusion, these results validated the use of the plants by herbalists
for the preselection of a male child at conception which could be attributed to the
phytocompounds and mineral elements present. Further studies are recommended to
establish the phytochemicals responsible for these effects and their mechanisms of
action,



